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Abstract: 
•larkueha V.I, et ai. Experiments on Hyperon Beam of UNK (Collabo

ration iraSPITEPLIMPIHPS HSU): IHKP Preprint 9081.  Protvino, 
1990. - p. 87, figs. 28, tables 77, refe.: 4г. 

•The experimental program for the UNK hyperon beams is conside

red. It is expected, that a focused "pure" s hyperon beam with 
P»3700 GeV/c, intensity M O s~/s and >35Ж of s~ hyperons may be 
created in this maohine. The magnetized iron shielding will allow 
one to reduoe the muon "halo" by '£ orders of magnitude. The 
expariments on the etudy of strangecharmed and strangebeauty 
baryons, searoh for exotic states with strangeness and charrc and 
cryptoesotic strange hadrons with hidden oharra and beauty are 
discussed. The possibilities of the hyperon bean for these 
processes are unique. Future studies of hyperon formfactors and 
structure functions of the processes in the nuclear Coulomb field, 
rare decays of charmed and beauty particles, ileptons and 
пурегспв are also considered. 

Аннотация 
Гаркугаа В. И. и др. Исследование на гиперонком пучке УНК 
;. Сотрудничество ИФВ5ИТЭФЛИЖРИЯР МГУ): Лрэпринт ИФВЭ ЭО81. 
Протвино, 1990.  87 с , 28 рис., 17 табл., библиогр.: 43. 

Рассмотрена программа экспериментов на гнперокных пучках УПК. 
Ожидается, что на этом ускорителе может сыть создан фокусировзнный 
"чистый".7пучрк Е~гиперонов с импульсом °<Я7аа ГэБ/с, с интенсивно
стью '1С 2 /сек, с содержанием s гжерднов ?35Й. Мюонное "гшю" 
Судет снижено на Й порядка с помощью намагниченной железной заши
ты. Обсуждаются эксперименты по исследованию странноочарованных и 
страннопрелестных барионоЕ, поиски экзотических состояний ее 
странностью и чармом и криптоэкзотических странных здроиов со 
скрытым чармом или прелестью. Возможности гиперонного пучка для 
этих процессов являются уникальными. Рассмотрены также перспективы 
исследований формфакторов и структурных функции гиперонов, 
процессов в кулоновском поле ядер, редких распадов очарованных и 
прелестных частиц, тлептонов и гиперонов. 

£) Институт фгаики высоких энергий, 1990. 
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I. MTROBUCTIOH 

A very high primary energy or the UNK proton beam allows one 
to produce high quality intense hyperon beam, whose characte

ristics are very close to those of a usual hadron beams. At 
the UNK energies the decay length Tor charged hyperons ia 
about 50'00 m. Moreover in this case it becomes possible to 
form a focused hyperon beam in the beam channel with magnetic 
optics, as well as lo construct a very reliable shielding, 
designed for the operation with the ultimate intensity of the 
proton beam (up to 310 1 4 ppc). The shielding includes an active 
guard system of magnetised iron slabs, which greatly reduces the 
muon background in the setup area. All these measures taken 
together make it possible to realize the operational modes in 
the range of x p>0.9, where I ( E ~ ) » I ( 0 , which will be done for 
the first time in experiments. Almost a pure jf beam with 
momentum of Р„=2.т TeV/c and intensity >ia T E~S" 1 may be obtai
ned at the UNK 3 TeV machine. These properties of the UNK hy
peron beam are unique. 

The main trends In the research program on the UNK hyperon 
beam are connected with the problems, for the study of which the 
increase of the hyperon initial energy and high quality of the 
hyperon beam are of utmost importance. These problems are as 
follows; 

1. The spectroscopy of heavy atrangecharmed and strange

beauty baryons, measurement of the life time and investigation 
of their weak decays. Hyperon beam experiments are greatly ad

7antageous in this case as compared with other experiments as 
far as the baryon production cross sections and background con
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diticms are concerned. It is also worth stressing here that the 
hyperon beam is the most effective source for fragmentational 
Dg and в° mesons. 

2. Study of Bg*B° oscillations and search for rare decays of 
Braeaons. 

3. Search for heavy exotic and cryptoexotic baryonic and 
raesonic states with strange and charmed (beauty) quarto. 

4. study of rare weak decays of пуретопз. The sensitivity in 
these experiments will be 1СГ 1 3 for the decays jf, К Г 1 1 for the 
decays s" and л , and 10 for the n" decays. 

5. Study of the small cross section processes, for which high 
energy and intensity of the ВДК hyperon beam turns out to be 
essential: rauon pair production, investigation of the hyperon 
structure functions and comparison with the corresponding 
processes for nucleons; investigation of the s~ hyperon 
scattering on electrons and measurement of elastic and 
transition forafactors for E~ hyperona and ss* vertex; Y* hype
ron resonance production in the nucleus Coulomb field. 

6. & standard Investigation program for hyperon strong 
Interactions but In a new energy region (total сгоав section 
•neasurements,study of elastic scattering, exclusive and 
inclusive processes, polarization experiments with hyperons, 
etc.). 

All the experiments at the UMK mentioned above have 
considerable advantages as compared with the experiments at the 
TEVATRON, they are much higher energy and (or) higher quality of 
the hyperon beam. 

it ia also assumed that some measurements will be carried out 
in other beams which can be extracted with the aid of the 
fcyperon magnetic channel onto the target of the experimental fa
cility (n meson beam, proton beam). Such experiments, providing 
very close conditions, allow one to compare the data on the pro
duction of heavy particles and muon pairs w'th large masses by 
different primary hadrons with minimal systematic errors; to 
compare their structure functions, forrafactors and other cha
racteristics. Besides the intense proton beam (1010 pps) in 
the underground hall of the hyperon area will make it possible 
to carry out special experiments on the study of rare Brell 
identified decays of heavy particles (e.g., two particle decays 
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of В mesons). Precise measurement technique for the tracks to 
have a very good mass resolution may be applied here. Theae 
experiments may play an Important role In the search of 
CFinvarlance nonconcervatlon effects In В decays, or forbidden 
decays with leptonlc number nonconaervatlon (B°, D°* це, т. 
*3ц, etc.) or the decays caused by PCNC Interactions (B°, D°* 
J M O  The main trends In the proposed program were discussed 
by us many times in a number of the reports at the Workshops 
on the Ш К experimental program, at, the XXKII Session of the 
ScientificCoordinating Council of IHEP and other meetings 
(see, e.g. [1 J). 

The leading role in this program зеетэ to belong to the ex

periments on heavy quark physics, which will enable a decisive 
check of the standard model, the study of hadron structure and 
of the properties of exotic states with beauties, charmed and 
strange quarks. Besides we will be able to carry out a search 
for low energy manifestations of new fundamental interactions. 
Many of these possibilities are unique. Let us now proceed to a 
detailed presentation of some aspects of the project and to 
consideration of peculiarities of some experiments in the UNK 
hyperon beam. 

2. UHK HYPERON BEAU (2) 

The scheme of the UNK hyperon beam, which includes a system 
of particle quadrupole focusing and active muon shielding, is 
presented in ?ig.1. The first set of four radiationresistive 
magnets M1M4 with an aperture layed with tungsten, allows to 
separate the formed s" hyperon beam from the proton beam which 
did not interact in the target. The latter one is dumped then in 
a special absorber, installed right after the first set of the 
magnets. Depending on the operational mode the space 
resolution of the secondary particle beam and of the proton beam 
on the front edge of the absorber Is 3040 mm. The second set of 
the magnets Ы5К8 makes the bending angle of the hyperon beam 
4.8 mrad, which enables further purification of the formed 
s~ hyperon beam. The collimator 02 determined the angle ot 
capturing the secondary particles into the beam channel. A 
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doublet of 5C quadrupole lenses Q1Q6 realizes the focusing of 
the heara onto the taẑ get of the experimental facility. And the 
last set of two magnets M9 and М Ю together with the collimtor 
03 provides the purification of the formed s~ hyperon team remo
ving neutrons and. *~ mesons, produced in the E ~ hyperon decay in 
the beam strait line section. The rain parameters of the hypfe
ron beam are presented in Table 1, 

Table J. £he Main Parameters of tne Kyperon Beam. 

Beam line length 
Total detleotion angle 
fop М1Ы8 set including 
Maximum momentum 
Horizontal angular acceptance 
Vertical angular acceptance 
Selected momentum bite (FWBH) 

100m 
9.6 mrad 
4.8 rarad 
3000 GeV/o 
0.3 mrad 
0.7 mrad 
20 % 

Secondary particle fluxes at the end of the hyperon beam 
channel were calculated with the data borrowed from ref.lSK 
They are presented In fig.2 and Tables II and III. 

Table П jThsperon beam crtiaraoteristios. 

P 0. 
OeV/a «V

GeV/o "Г' x' V 
пи 

£~ hyperon 
intensity 
per incident 
proton 

•f/E 
intensity 
ratios 

2100 
2400 
2700 
2850 
3000 

2062 
2347 
2608 
2706 

27S9 

6.7 
6.4 
5.9 
4.9 
3.9 

4.1 
Э.9 
3.3 
2.2 
1.4 

2.5 
2.4 
2.4 
2.6 
2.7 

5.0.10"
5 

4.1.10"
5 

2.5'10~
5 

1.6.10"
5 

8.0.10"
6 

3.3 
1.2 
0.32 
0.14 
0.056 

Note: Неге о momentum, corresponding to the optical beam axle, 
<p„> average momentum of £" beam at the end ot the beam 
line. 



Fig. 1. Hyperon beam layout: T  target; И1М4  radiation re
sistant magnets; Й5Ы8  magnets; M9, M10  euperoon
duoting magnets; Q1q6  SC quadrupole lenses; С1СЭ 
collimators; DUHP  absorber to dump protons not inte
racting in the target; S1, 52  magnet вроИегв. 

~ 10" 

Pig. 2. Secondary partiole flux 
at the end of the hyperon 
beam (for Be target 
500 mm thick). 



Аз la seen, at &Q.9 and the intensity of the incident proton 
beam onto the target 1 0 1 2 ppa one may obtain almost pure 2" hy
peron beam with ln'ensity of 1Q pps. Neutron and ™~ meson 
background from the в" hyperon decay la 12 and 4Ж, respectively. 

The calculations made with the MAHS10 program show that soft 
hadronic background from the cascade processes tn the collimator 
Is not more than 5% from the jf hyperon beam Intensity. Since 
the collimator 03 Is the main source or this background, ita 
basic parameters (length, aperture, material) should thoroughly 
be optimised. 

To measure particle momentum in the formed beam one may use a 
spectrometer baaed on the magnets H9, Ы10, Putting three 
detectors for particle coordinate measurements in the horizontal 
plane downstream of the quadrupole lenses and up and downstream 
the magnets, one can get the momentum resolution a - 1%wlth the 
detector resolution spatial ax = 0.15 -aa*K 

The scheme of the hyperon beam channel was worked out with 
employment or the magnet elements, assigned for other UNK 
beam channels. The main parameters of the magnet elements used 
in the hyperon beam, are presented, in Table IV. 

Table III. Flux of Hyperons of different V/pes at the beam 
line end. 

<p>. 
X 

N(Sf), 
в"' 

N ( E
+

) . 
в"

1 

№ ), 
„ - 1 

H(n ), 
s 

2700 
2250 
1500 

0.90 
0.75 
0.50 

. 1 0
7 

4 ' 1 0
5 

„10 
~10

2 

1.5 Н О
2 

3 - 1 0
4 

1 . 1 0
5 

3 . 5 . 1 0
4 

3'10 
1 . 4 ' 1 0

2 

3.10 

Note: Hyperon intensity ie given under ooniition, that total 
number of particles in the beam ~1Q 7 ррв; х=<р>/3 TeV/o. 

"'Hodosoopea with eointillating fiber may be used for this 
purpose (вее Chapter V ) . 
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Table IV. The Basic Hagnetio Elements Used in the Hyperon 
Beam Channel. 

Squipment unit 
Иаэс. field 
(KgauBs); 
field gra
dient 
(Kgauss) 

Length 
in iron 
(m) 

Transverse 
dimensions 
in iron 

(am) 
Aperture 
(ош) 

Bending magnet 
radiation resistive 
Bending magnet 
SO bending magnet 
Sc quadrupole lens 

20 
20 
40 
9 

3.0 
3.0 
6.0 
3.0 

12074 
12074 
0 40 
0 40 

304 
304 
0 7 
fif 7 

The decay of те, К mesons from hadronic cascades produced in 
the target and beam channel elements is the main muon source 1л 
the hyperon beam channel. The forming of the muonlc rield is 
practically accomplished at the exit of the main set of magnet 
М1Ы8, considerable influence on its characteristic a being ex
ercised by the magnetic field not only in the magnet gap but In 
their yoke. 

The Integral muon flux onto the experimental area is equal 
to 3.010 ц/proton, which Is 1+2 times higher than the a"" 
hyperon beam Intensity. 

Aa it follows from the calculations and estimates [Z] an 
efficient and compact active shielding against muona in the 
hyperon beam channel may be provided if muons are deflected 
vertically. Magnetic spoilers with flat current, whose 
transverse horizontal field with the magnetic inductance of 
about 1.5 Tl t are to be used for this purpose. 

An optimized system of two magnetic spollera with oppositely 
directed currents (flg.1) reduces the integral muonlc flux onto 
the experimental area B5 times and thuj lowering the relative 
muon background ы /н„ down to <3%. The first spoiler 0.6x0.4x4m3 

suppresses the source of positive background muons, deriecting 
them from the middle beam channel plane, the second spoiler 
1.6x0.4x12 m 3

, suppresses the source of negative background 
moons. The distance of 30 m between the spoiler centres turns 
out to be sufficient to avoide the capturing of the positive 
unions deflected by the first spoiler, in the second one. 
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3. EXPERTHHJTAL Р А С Ш Т У FOR HXPERON INVESTIGATIONS 

3.1. General structure of the Betup 
The experimental facility for the investigations to be 

carried out In the (INK hyperon beam should be multipurpose зо аз 
to be capable to deal with a wide program spoken about la the 
Introduction. All these Impose quite stringent and sometimes 
sven contradictory requirements on its characteristics. The set
up should tiave large acceptance which would allow for tae detec
tion of heavy particle production in the region or о<хр<1 inclu
ding processes of associative production which Is very Impor

tant for tagging B c

 and D°mesona with definite heavy quark 
flavors. Vlte accuracy of measuring the angles and momenta 
shrold be such as to provide the selection of processes with 
very small momentum transfer (ltiXO.001 (GeV/c)

2 which is ne
cessary for the investigation of the reactions in the nucleus 
Coulomb field. Simultaneous detection and reliable identificati
on of both charged and neutral secondaries (e.g., •p°*2r; TJ*2T; 
л*ри"\ К°-*к+ъГ, etc.) are required. Ultimate accuracy for the 
effective mass measurements la important for the identification 
of heavy riavor hadronic decay channels. To study leptonic and 
aemileptonic decays of heavy quarks we are to detec t 
electrons and muons. The facility should also include a sophis

ticated vertex detector to single out the cascade decays of 
shortlived particles and to investigate the B

Q

*=*B° or X>°^D° 
oscillations. The vertex detector will also be used to produce 
triggering signals to select the events with beauty and charmed 
particles. In this case cne should solve the problems connected 
with the acqulstion and processing of a large amount of informa
tion and with a reliable selection of rare processes. In some 
cases when choosing the sizes of the setup one should 
foreseen its capability to identify secondary hyperons decays, 
which may have very large decay paths (e.g., for лhyperons with 
the momentum 1.5 TeV/c the decay length is 106 m ) . 

As has already ЬРЧП noted, seme of these requirements are 
quite contradictory. Therefore it is of vital importance that 
the setup should consist of modules and be easily recombined 
for the utuoy of different problems. In particular, for a 
number of experiments the facility may greatly be simplified. 
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The general layout of the experimental setup for the 
Investigations In the UNK hyperon beam is presented In fig.3. 
The setup consists of the following main elements: 

1. hyperon beam Identification system; 
2. active target ana vertex detector; 
3. vertex magnetic apectrometer M1 to detect secondaries with 

intermediate momenta [with mlnldrift chambers and scintillation 
hodoscopes); 

4. magnetic spectrometer Ы2 to deteat faBt secondaries (with 
track detectors and houoscopes); 

5. magnetic spectrometer ИЗ for the experiments In the region 
of large ij,; 

6. differential multichannel gas Cerenkov RICH counters of 
three types for secondary к. К, p identification in the mo

mentum range Of 3.535 GeVj 20100 GeV; 50240 CeV* 
7. transition radiation detectors (TRD) for К, р Identifica

tion at momenta >150 GeV/c and to single out electrons; 
8. system of drift tubes and chambers tor л decay detection; 
9. hodoscope electromagnet calorimeters fo? photon detection; 

JO. hadron scintillation calorimeters; 
11. muon detector; 
IS. frontend electronics, a system to produce a preliminary 

trigger, data acquisition system and processors to work out high 
level triggering signals; 

13. computers for online analysis. 
Table V presents the sizes of different detectors and the 

number of channels In the facility. These parameters were 
determined when slfliulatlng some characteristic processes, 
connected with the* production and decays of particles with heavy 
quarks. 

3.2. Simulation of the production and decay processes for 
baryons with heavy quarks 

The HSIffiJI. program, which could simulate particle production, 
their decays, particle flight through the spectrometer with an 
account of multiple scattering, reconstruct particle trajectory, 
vertex coordinates and effective masses, was used for 
preliminary calculations of the facility characteristics. To 
choose the geometrical parameters for the setup to be used in 
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a s to is зо ai in м *о *s ю 

О S3 100 1S0 M 

i ^ig- 3. Experimental faoility for hyperon studies, a) Speatrome-
i ter for beauty and charmed hadron detection, b) General 

layout о t foe faoility: SSD - miorostrip detector; 
j. RICH1-3 - differential Cerenkov spectrometers; DC1-DC6 -
,i minidrift chambers; TRD1-TRD4 - transition radiation de-
!' teotors; Н1-ЫЗ ~ magnete; EC1-EC3 - eleotromagnetio oa-

f lorimetere; НС1-НСЭ - hadron oalorimetere; \L - muon de-

! teotor. 
I 
I 

• | 

•- \ 12 
I 



. charaoteiiBtioB of Main Deteotora in the Paa i l i ty 
Uiinen

x °Sm) 
У 

(om) as Number 
o f 

n l a n e s 
Of 

o h a n n n l n 
1 . Beam m i o r o e t r i p 

d s t e o t o r 
2 . V e r t e x d e t e o t o r 

SSD1 
SSD2 1 . 5  4 . 5 

1 . 5 
 4  5 

c . « 6 
4 8 

1536 
зоооо (гоооо» 

3 . D r i f t , 
c h a m b e r s 

DC1 
DOS 
DC3 
DC4 

2 0 0 
2 0 0 
200 
3 0 0 

100 
150 
150 
2 0 0 

2:2 
o.I:?. 0 

32 
32 
32 
Э2 

12000 
7000 
7O00 

10000SOOO 

DC1 
DOS 
DC3 
DC4 

2 0 0 
2 0 0 
200 
3 0 0 

100 
150 
150 
2 0 0 

2:2 
o.I:?. 0 

T o t a l ЗЬООО 
4  E l e c t r o m a g n e t i c ! 

c a l o r i m e t e r s 
EC1 
ECE 

220 
300 

180 
200 J ! m 

1200 
2400 {1800) 

EC1 
ECE 

220 
300 

180 
200 J ! m 

(Total 
5 . НаЛгоп o a l o r i 

n e t e r o 
HC1 
нсг 

220 
300 

180 
200 ffiS 300 

600 
HC1 
нсг 

220 
300 

180 
200 ffiS 

T o t a l 9O0 
6 . CherenHov r i n g 

i u a g a d e t e c t o r s ; 
RICH1 
шснг 
RI0H3 

lOOO 
^OOC 
5OO0 

7 . T r a n s i t i o n r a 
d i a t i o n йя-
t e o t o r e 

там 
TRD2 
TRD3 
TRD4 

2 
гоо 
a oo 
300 

2 
150 
1 5 0 
200 I 20 modulDB 

5 в о d a l e s 
10 j M d a l e o 

1600 
6 0 0 0 
6000 

17000 

там 
TRD2 
TRD3 
TRD4 

2 
гоо 
a oo 
300 

2 
150 
1 5 0 
200 I 

the study of Ьатуоп spectroscopy and heavy particle physic we 
took, as s typical example, IncluBlve prodiictiai of 
strangebeauty baryons 

S" + К  sj + X 
for which the following стовв section dependence taxes place 

Ed
3

o/dp
3 = const ехр(рр*)(1  ip) n

. (1) 
Here p T is the transverse momentum, e=0.15 (GeV/c) 2 (ao that 

/<p
2

>=2.5 GeV/c, in accordance with QGD calculations at p T< 
<4 GeV/c), 

In some part of calculations we took Into account associative 
production of heavy particles. It was done aa follows i 
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a) associative вшеаоп production пав generated во that the 
distribution of the total transverse momentum or b particles had 
the form exp(ap*), «here a=0.3 (GeV/c)

2

, and the distribution 
of the rapidity differences lor two В partioles was Gaussian 
with the dispersion equal to 1; 

b) in the event under investigation other associative 
particles were produced In order to calculate the particle 
density in the detectors. For this purpose we simulated the 
production of secondary particles by pions with momentum equal 
to the difference of the primary beam particle momentum and that 
or two В particles, JETSET (Lund) program being used In this 
simulation. 

Associative production of beauty particles was also modelated 
with the help of the ISAJPT program. 

The £ ъ baryon decays were generated in accordance with the 
phase volume. In this three nonleptonic decay channels conve
nient for detection, were considered. Their relative decay pro

babilities were estimated in accordance with [4] (see Table VT) 
Decay (2) and (4) contain Btrange hyperons with mean life 

(1.52.5)'Ю"
10 sec. Their decay paths are presented in fig.4 

nith account of the relativiBtic fastors. 
Decay (4) goes on with the production of charmed baryon 

S*(2560), a "symmetric" partner of E*. The value for the mass 
splitting of these two states is not Known at present. At 
the chosen value of the mass splitting the dominating one is the 
S

+

(2560)H*(24fi0)+7 radiative decay. 
Since the s~ trajectory may be reconstructed, all the secon

dary particles will be related to the corresponding decay verti
ces for s£ and SQ. The possibility to detect the decay channels 
of beauty and charmed particles with the neutral particle emis

sion is not so obvious since one has to determine here what ver
tex the neutral particle belongs to. In this case everything 
will be determined by the combinatorial bacKground. It seems to 
be large enough for ж 0 mesons. However for л hypGrons the situa
tion should be favorable (as it follows Irom already available 
experiments). 

Pig.5 presents the dependence of the efficiency for all the 
particles from decay (2) to occur in the angular acceptance of 
the setup (in one projection). Three curves correspond to three 
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values or the Feynman variable i^ for s^ Quite similar results 
are ootained for process (3). The angular aperture of the set
up is chosen to be v=±75 rarad. to provide the s.haryon detection 
almost up to ̂ = 0 with an efficiency e=80S. 

Table VI. The deoaye of strangebeauty 2. baryons 

Deoay t y p e Mean l i f e ( в е о ) Decay 
p r o b a b i l i t y 

H^ ^ 2 * ( 2 4 6 0 ) ^ r e " 
1 „  + + 
ь г i t * 

U Л°те~ 

Upre" 

(2) ю-
, г 

0 . 9  1 ( Г 1 г 

г* 
7  5 * 

100Ж 

6 4 * 

(2) ю-
, г 

0 . 9  1 ( Г 1 г 

1 0 ~ э ( t o t a l 
p r o b a b i l i t y ) 

~Ь . с 
U.K~pn + 

(Э) 

0 . 1 5  1 0 " r a 

0 . 5 * 

7 * 

(Э) 

0 . 1 5  1 0 " r a 

О . Э 5 . 1 0 " 3 ( t o t a l 
p r o b a b i l i t y ) 

з Г » a(2560) + re~ ic" 

L A ° „ -
L» pre 

(4) ю-'
2 

0 . 9  1 0 " 1 2 

2% 

100* 

7 . 5 * 

100* 

6 4 * 

(4) ю-'
2 

0 . 9  1 0 " 1 2 

1 0 ~ 3 ( t o t a l p r o 
b a l i t y ) 

The setup was simulated at different values for the magnetic 
field Integrals In magnets M1 and Ы2 and for Ita diiferent 
configurations, which were determined by the distances between 
the magnets centers imd dlmenbloua of the main detector. Basing 
on the results of thaee calculations we have chosen the 
configuration of the facility presented In flg.3 and In Table V. 

The decay length charmed and beauty particles make up from 
some fractions of a centimeter up to tern» of centimeters 
(fig.6). With the target about 5 mm thicK a considerable 
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Vi&. 4. 
Average deoay Path of ee
oondary Ьурегопв, produ
ced in decays (2) ver
sus XptEg). 

Fig b. 
Kffioienoy ol a l l the par
t i o l ee from decay (2) to 
ooour in the angular ao
oeptanoe of the eetup 
for _ three values of 

The angular apperture (mrad) 

Pig. fi. 
S^ range and that of ee

oondary ohanned baryonrj 
z* and and л in decays 
(2) , (3) versus X p ( ^ ) . 
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Traction of the decays will occur outside the target. 'Die length. 
of the area for the vertex reconstruction with the aid of the 
vertex detector should be not leaa than 510 cm. The length 
for the strange hyperon decay reconatmction (н~. Л) ahould be 
not less than 15 m (and in a number of experiments not 1евэ 
than 3050 m ) . 

The multiplicity of the secondary charged particles in the 
events with the production and decay of particles with b qu
arks varies from 14 up to 35, the mean multiplicity is about 22 
(fig.T). A very high resolution between the trajectories is re

quired becauae o£ a high angular density of secondary par

ticles (fig.8). When calculating the resolution of the spectro

meter In momentum and effective mass we assumed that gas coor

dinate tracK detectors spatial resolution la 150 цт (DC1), 
200 \im (DC2, Ш З ) and <300 рш (D04) and energy resolution for 
the hadron calorimeters Is дК/Е «100% ртЕ [GeVJ. The gaps 
between the detectors In the setup are to be filled with helium 
bags whose mylar walls are 100 цт thick. The total amount of 
the matter in the aetup makes up to 15* from the nuclear 
Interaction length and about 5DK of radiation length. 

The reconstruction of the simulated events Includes: 
1. the reconstruction of thr> charged particle trajectories by 

the given "hits" of the coordinate detectors; 
2. the determination of the particle momentum and energy; 

having several measurements (2 magnets, calorimeter) we averaged 
the result with an account of the relevant errors; 

3. stepbystep reconstruction of secondary vertices and 
the trajectories ol the particles produced in these vertices. 

In the effective mass calculations the particles emitted from 
the vertex were assigned the tabulated mass values. 

To find the vertex one needed at least two trajectories to 
cross. The reconstruction of the momentum vectors of all 
secondaries was required for the determination of the effective 
mass. In the case one of the particles was missed, one had to 
reconstruct the momentum vector of this particle. This 
requirement is rather important for the reconstruction of the 
н~*лтГ decays. If only E ~ and n~~ momenta are measured In the 
decay range, then by assigning the mass of л to the missed 
particle, one can reconstruct the effective mass of the 
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Pig. 7. 
Multiplicity distribution for 
the secondary oharged partia

partioles after the b and о 
particle decaye. The multi

plicity of particles accom

panying bb pair was calculated 
with the LUND model (see the 
text). 

The charged multiplicily 

pis- a. 
The probability of sticking of 
the selected track to воше 
other track of the given event 
vermis the detector angular 
resolution. 

Fig. 9
The 2g detection effioienoy in 
deoaya (2) and (3) versus Xp. 
О  deaay (Э), where the 2 
end Л may not be defined: • 
events of detiay (2) with mea
suring 2 masses; Д  events 
of deoay (2) with measuring 
5 and л агшвео; • - events 
of deoay 13)* 
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candidate for s". The background events of a similar 
configuration 2~*пж~ correspond to the effective mass of the 
"candidate for 2", which is by 50 MeV higher than the true one. 
Hence for the reliable reconstruction of s~ the setup should 
have the 2~ mass resolution in the events with a missed л 
not worse than 1015 MeV, which indeed can be realized. 

The particle which managed to decay, were considered to be 
detected, if one could reconstruct their effective massea within 
certain limits w.r.t. their true mass values: 

an(s£) = ±50 MeV, дт(2~)= ±50 MBV; um(s") = ±20 MeV; лт(Л°}= 
= 220 HeV. 

Three classes of the events were treated: 
a) both effective masses of 2" and Л could be not reconst

ructed; 
b) s~ hyperon effective mass was reconstructed, but that of Л 

hyperon could be not; 
c) both effective masses must be determined. 
The detection efficiency of н^ for two decay channels (2) 

and (3) are presented in fig.9. The efficiencies for the events 
of classes a)c) are presented separately for decay (2). 
Consequently the efficiency ia more than 40Ж for decay (2) and 
more than 80* for decay (3) at Xp>0. 
The efficiency of reconstruction of radiative decay (4) with 

soft phaton (<E ><5 GeV at Xp(s^)«aj is *30%. 
The effective mass resolution for г ь (fig.10) Is within the 

limits 1230 MeV for decay (2) and 1020 MeV for decay (3). Cou
lomb scattering is important in mass resolution calculations. 

4 . RESEARCH PROGRAM 

4.1. Study of Heavy Quark Physics 
Dp to now the principal investigations of the properties of 

the particles with heavy quarks, and first of all, the studies 
of В meson weak decays, were mainly carried out at the e +

e~ sto
rage rings. These experiments provide favorable background 
conditions, caused by an considerable contribution to heavy fla
vore production mechanism made by some vector mesonic states 
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Fig. 10. Effective гоавв ronolution when detecting deoaya (2) and 
(3)- о - decay (2), • - deoay (3), • - f.eoay (3) with 
no aooount of multiple eoattering. 

t{meosured)/T(lile) 

Pig. 11. Observation of враое oscillations В -• В at different 
aoouraolee of meaHuring the proper deoay time for 
В -тввопв 



with hidden charm or beauty, which are well produced In e +

e~

collisions (e+

Q~*ffi(3770)»DD and e+

e"*T(4S)*BB). Interesting pos
sibilities arise also here in the z boaon reaonance production 
on the LEP and SLC machines. At present e*e" beam experiments 
the sansitivity corresponds to the production of several 
hundreds of thousands of В mesons, D mesons and % leptons. The 
projects for the b and о—с factories are in progress now, 
whicn will allow one to increase the luminosity at least by an 
order of magnitude. 

Table VII. Comparison of Bmecon yielde 3t different 
• aooelerators. 

Accelerator; 
GeV Luminosity 

nb 
„<bb> N(bb) " x experiment GeV Luminosity 

nb o(tot) N(bb) " x 

Ve~.r(4S)>BB 
[5j 

10.6 1 0 3 3 cm"2 a" 1 
1 0.25 1 0 T 410 T 

LEP: e*c"-»Z'-»BB 92 10 3 ' от" 2 о" 1 
5 0.15 6.10 5 3  i o s 

''BCD, Tevatron 
[S] 

1800 1 0 3 1 опГ2 o~' 4510 3 10" 3 4'1D* 

E7V7 Tevatron, 
f ix . ta rge t [7] 40 10 6 e 1 

in teract ione 20 5 . Ю  7 4 '10 6 

*'SSC proton beam 
experiment [8] 200 1QT S  1 

in terac t ions 2 . 5 ' 1 0 3 гио ' 4 
2 '10 9 

UNK hyperon ex
periment 72 10 6 s-< 

interaationB 
300 7 И 0 " 6 4 '10 T S'W7 

Notes: 1. The expeated rate of the N(bb) events per 100 daye of 
the aooelerator operation ie given. 

2. In the fixed target experiments it was assumed that 
for the nuclei c(thj/<it t „ A

0 , 3

« 3 (for Si). It пае bean 
taken into aooaunt in the estimates of N(bb). 

3. The UMK dutyfaetoris 30 %. 
4. (*) implies that th'.B is project. 
5. The experiment on the SSC proton beam foresees the 

extraction of the proton beam with an intensity up to 
10 р/в using a bent aryatal. 

b. (**) "ot" factories. 
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On the other hand, the experiments on the studying heavy 
particles in hadronlc beams (fixed target experiments} are 
becoming more and more Important. The projects of Bdecay studi
es using hadron colliders are also being prepared. Table VI 
presents the expected yields for charmed and beauty particles 
for different types of the machines. 

This Table allows one to make the following conclusions: 
1. At present one cannot unambiguously point out the most 

promising ways for the development of В meson physics (see the 
discussion in [9]). However it seems that the experiments at the 
3S0 proton beam and at the hadron colliders are the most sui

table ones for the search of CP violation effects in the В de
cays, which require luminosity corresponding to >10 8 BB pair 
production. Under the UNK conditions the experiments In the 
intense proton beam ( > Ю 1 1 ppc) with specialized facilities, 
which are capable to select definite rare decay channels of 
В mesons in a comparably narrow range of the phase space, 
may be quitB competitive. 

Large CPviolation effects may be expected In such decays. 
For instance, we are now clarifying possibilities of measuring 
the asymmetry in Г(В~*ррте~) and Г(В+

*рр*
+

), T(B~ • K~<p ) and 
U K K 

Г(В
+

*К
+

ч>) , Г(В°.К"тс+

) and Г(В°.К+

1с") and for some other rare 

decay channels when normalizing them over main decays of. 
the type B" *• D°iT and B +

*(D°)TC
+

, for which the asymmetry sho

uld be very small (i.e., the search for the differences in the 
ratios 

Г BR(B~.ppO 3R(B
+

»ppV) "I 
= etc.), 

«• BR(B~ D°«~K~if'V) BR(B
+

.D°ic
,

'K
+

*
+

«")i 
Such experiments may be carried out in the underground hall for 
the hyperon beam where one can perform investigations 
with high intensity protons using specialized facilities with 
precise measurement of the effective masses of the final states 
(e.g,, as it was done in ref. ЕЮЗ, where the accuracy of am/m = 
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= 0.0017 was obtained, and this accuracy can be increased se
veral times). 

2.The experiments with D and В mesons and searches lor 
CFlnvarlance violation may be carried out at the accelerators 
of different types, however hadron 1)681118 have very great 
advantages In the search and study of charmed and beauty baryons 
and their weak decays. There are no highly affective mechanisms 
of heavy baryon production for the colliding e +

e" beams. In 
the experiments at the pp colliders one can hardly realize 
the conditions necessary for the selection ol complicated 
cascade processes, required for the search of baryon states with 
heavy quarks and for a thoroughly study of the characteristics 
of their weaK decays. Hadronlc accelerators of the UHK type 
may be extremely useful for such experiments. in particular, 
the UHK hyperon beam орепз пен possibilities for the experiments 
with strangebeauty and strangecharmed baryons (Qsq and Qss; 
Q=c;b) which up to now have not practically been Investigated. 

The results of two experiments where 2* baryon was observed 
may be a good evidence in favor of the advantages of the hyperon 
beams aa far as the study of oaryonlc (Qaq) states is concerned, 

a) WA62 experiment ( CEHN s~ beam, F2=135 GeV/c C11I) 

a(S"+Be  H + +X)| • BHts +  Axlev"] = (5.3 1 2.0) y.b/Be, 

v
0

-
6 

+0.7 
(ffl/djj.apj) = const.exp(bp£)(1x ) n ; b = 1.1_ Q' 4 (GeV/c)"

8

; 
n = t.7 1 0.7. 

b) E4O0 experiment (FNAL neutron beam, <En> 600 GeV [12]) 
a in * N • s + + X ) | • BHIS* • Д ' Л * + JflT» +

»
+

] = 
c 0<Iy<0.6

 c 

r +4.5+1.91 

(dS/dXydp*) » const(1  lyl^exptbp^); b = 0.97i0.21 (GeV/o)"
2

; 
П = 4.7 1 2.3 (ЮГ 0.15 < Zy < 0.6); о « A0.90»0.13 

The comparison of these experiments «hose results differ at 
least several times (or етеп ten times) when extrapolated over 
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the «hole range of x^, show that in the hyperon experiments 
production processes or atrar.gechanr.ed barycns may be 
characterized, by considerably larger cross sections or by a more 
smooth Xp distribution contrary tc the NN collisions. These 
Ideas have theoretically been grounded In ret. И З К 

For x_,>a.50.6 there are more pure conditions for the search 
of new baryon 9tates аз compared with central production 
processes. All these make us think that the hyperon ex

periments open unique possibilities in the search and study of 
baryon states with heavy and strange quarKs. Th?se possi

bilities are beyond any competition nith experiments at 
other typea of accelerators and beams. 

Though it would be r*uch more e а з ler to construct a 
spectrometer working In the region or large x_ {Just because or 
smaller sizes of the detectors), however we plan to have a set
up, which would allow us to carry out investigations in a aide 
range of 0<3U<1, and consequently we will able to considerably 
enrich our experimental program. 

Let us enumerate now the main directions in the heavy 
particle physics to be realized with the UNK hyperon beam. 

A. 1. U Spectroscopy of StrangeBeauty and StrangeCharred 
Вату one. 

a) Search and study for baryona of the (Qsq) type «1th 
strange and heavy quarks and their excited states 

s+ s (usc) +

; E ° 2 (dacft 0° = (sec?; a* = (scc) +

. 
s£ £ <usb) a

; s£ г (dab)"; 0^ s (asbj"; Q°b в <scb)°, 
b) Study of complicated cascade decays of these baryons, 

acquiring detailed Information about concrete exclusive decay 
channels and their characteristics (decay probability, asymmetry 
parameters, etc.). It is required to reconstruct a number of 
cascade decay vertices in these experiments. 

c) Precise measurements of the lifetime of charmed and beauty 
hadrons. 

d) Determination of the matrix elements for K.M. matrix. Note, 
that because or the difficulties in theoretical description of 
the decay processes (deviations from the spectator model) one 
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needs for the definition a wide aet o/ experimental data on 
baryon and meson decays. 

Table Till presents the data, which allow one to estimate the 
capability of the proposed experimental program to observe a 
number of new strangecharmed and strangebeauty baryons and to 
study their weak leptonic and nonleptonlc decays. As It follows 
from the Table one can obtain an eitremely detailed information 
about many proceyaes. For Instance, one can study weak cascade 
decays (H) and (2). Table VI by detecting (142)'103 completely 
identified eventB of (2) and (350700) events of (3). It will 
also be possible to detect a number of other nonleptonic decay 
channels and to obtain data on leptonic decays 

з£ s(2460)+e"ve (5) 

L*pit~ 

(BIU1.51Q
3

. N«31Q3 events) 
or 

Uл
6 

(BIU3.10"
3

. N™510 2 events). 
We can easily go on with this list using Table VIII and 
estimates for branching ol separate channels from геГ. UJ. 
It 1B of Interest to lock for eiclted states of cnarmed

strange, and, maybe, beautystrange baryonj which may decay 
with further emission of -к mesons or photons. To Improve 
the background conditions one should carry out these experiments 
In the region of Xp > 0.5. 

A possibility to observe radiative decays of strangecharmed 
excited baryons produced in the cascade decays of heavier beauty 
baryons (see(4)) was also considered. Because of kinematic 
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constraint more pure background conditions for the se
arch ol radiative decays may l>e realized. The calculations, 
which take Into account the detection or photons from radiative 
decays So(2560)»2o(2460)+7 In the electromagnetic calorimeters 
ol the laclllty, made It clear that 50O1GO0 events ol decay 
(4) might be detected In the experiment II allowed by the 
Background conditions. 

It goes «lthout saying that alongside «ith all these data ite 
shall obtain rich statistics ior the study ol heavy hadrons not 
containing strange quarks. 

Table VIII. s t a t i a t i o s lop the events with charmed and beauty 
pa r t io l ee . 

Process Cross section 
о(Хр>0) (от 2 ) 

(EBR)h 
nonlop. per 

100 days of 
measurements 

<=SRJ^ lop.per 
100 days or 
neaaurement 

E~+N  oo+X (1+2)1Q~ 2 B „510* 

E~+H  (oou)++x 
(BOd)°rX 

d*E)'io" 2 9 
0.05sOIO 3.10 7 +10 a 0.10 1 0 8 

£~+ N  1BSO)°+J[ (1+2)10~ 3 0 0.15+о.го i o 7 4 a  i o 7 o.os 5.1De+iOT 

E~+M * (воо)*+Х „ 1 0  з д . Ю " 3 3 „0.02 „,102+103 .0.02  ID 2 +103 

2"+N • bb+X СЗ^МО  3 1 
210 7 i410 7 

~эю э г 
„0.005 „ Ю 4 „0.015 . 3 . 1 0 ' 

f+E • (bBS)~«C • . "MO  3 3 o .o : . г . ю ? 
,0.02 ~4-W3 

E~+S  <Ьсв)°+Х  Э  Ю  3 8 .vO.01 , 10" 2 

E~+N  B°+X „бю" 3 2 J3.01 _410 Л 
,0.015  6 . 1 0 4 

(2.5v5M0~ 2 9 O.O2T0.0'1 510% £ !C' 
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. The data on the production cross seotions for heavy 
partioles are rather ambiguous, and the relevant 
theoretioal estimates admit considerable arbitrariness. 
The values for E~+H» oo>X we used, are several times 
lower than those which oan be obtained from the data 
extrapolation [11] and are about an order of magnitude 
larger that the theoretioal estimates of ref.[14]. The 
ratio o(2~N » bb + XJ/aCTN • oo + X)*3'10~'3 and the 
ratios between production оговв sections for 
different types of heavy hadrons [14] were_used along
side with the ratio o(2N •* (BOO) + X]/CJ[E H*(sou)+XT
*70~ Ю^.тле last ratio was obtained in the inodel of 
independent produotion of two oquarks (inref.MS] 
this ratio 1в estimated as 10 ). It should be noted, 
that ref.t13l gives a considerably larger oross eeati
on for (beu) baryan productions, as compared with that 
in the Table. 

. It ie assumed that I ( E " M 1  2 ) ' 1 0
7 s~/e, and the Si 

target is (1/10)+(1/2Q) of the interaction length, 
i.e., we have 10 6 s"N interaotione/s. The applioation 
of the а[ъБ,оо)«А dependence increases the statistics 
far the Si target three times (this value was taken 
into account in calculating the number of events). 

. The average effioienoy of detecting heavy partiole 
decays is e«*0.25 (which has а1во been taken into acco
unt in the calculations). 
(EBR) h is the total probability for all nonleptonio 
decays of a relevant heavy state into charged partic
les and л° hyperons only. (sBR) , is the total proba
bility for leptonio decays of heavy particles 
R»[X(lr)e~v + Xfh*)^

!» J with completely identified 
hadronio states decaying into charged partiolee on
ly. (2BR) h and £EBR)„ +_ have been determined from 
theoretioal estimates [4]. 
(вси)=2с, eto., are strangecharmed and strangebea
uty baryons; Вв

=(аЬ)< 



4.1.2. Study с? the nixing Effects 1л the SyBtera of Neutral 
В Mesons*1 

Let us consider In more detail the search for apatlal B°>B° 
oscillations. Bg mesons are produced. In the reaction 

Kbbaryon) + X 
2f + Hfi°+'B° + X , (7) 

(в~ + x 
The time dependence of the number of B Q meson decays has the 
form 

N Q ( t ) = [и 0(0)/2]eip(Vt)[1 + coa<x a'tA)). (8) 

Here x Is the lifetime of fia (In the rest frame), %в-тл 

oscillation parameter m the framework of the Standard Hodel 
using the data on B^B^mlxlng one obtain the prediction 

*s " ^ts^td* '**  15. (9) 
Whereof It follows that the value for the parameter of Integral 
mixing of B°mesons г la expected to be close to unit 

r

3 =xi/(Xg+2) 099. (10) 
Therefore one will not be able to determine %a * l t n a reasonable 
accuracy when measuring integral mixing. Direct experiments on 
observing spatial oscillations are required for xa measurements. 
For this purpose one should measure the timeorflight 
distributions for B° and momenta of these particles (to Identify 
Bg and to determine time In B° rest frame) and tag initial 
B°=(bs) by their flavor. The tagging can be realised by the 
charge sign of the associative bparticle or by the charge sign 
of a lepton In the associative particle decay. To measure the B° 
meson momentum one should single out Its fully reconstruct 
table modes (see Table VIIIJ. As it follows from the tagging ef
ficiency estimates, It la e(tag><*e (associative partlcle)BR 
(associative particle) «0.20•0.5*0.1 Therefore the total ata

'For disouBBion of mixing and CP violation m Bmeeon decays 
see e . g . , [9,1620]. 
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tistlcs lor such tagged one reconstructed B° decays will make up 
5 1D 3 per 100 days or the accelerator operation, which is quite 
sufficient for spatial oscillations measurements. The accuracy 
in measuring the lifetime in B° rest frame la mainly determined 
by the accuracy In meas u ring the decay path In the 
vertex detector. It is expected that Bt{B°) = Q.510~ 1 3 . The 
limited resolution leads to the smearing of the observed 
oscillations (see fig.11). The planned experiment allowa for the 
measurement of xs *

n the range of its 3<x s<30. At x a*15 (
t n e 

theoretically expected value) the accuracy or lta measurement 
*(x s) will be several percent. 

4.1.3. Search for Rare and Forbidden Heavy Particle Decaysr 
The experiments with В and D mesons as well those with * 

leptona open new possibilities in the search for rare processes 
caused oy lepton charge nonconservation, contribution from iceaR 
neutral currents with flavor nonconservation (FONO) or by some 
other печ processes (Вд.^т, це; В»цтХ; т*3м.; т*це

+

е~; 
Вд uvV~X; D°D

D et al.; the x leptons are produced in the 
D

±

.t
±

vi. decays,wf Table VIII). Here the search for lepton charge 
nonconservation in the traneition between the third and second} 

third and first or to all the three generations of fundamental 
particles are of primary interest. Up to now a sensitive check 
of lepton charge conservation was realized only lor the transi
tions between members the second and first fundamental generati
ons (ц*е7;3е) or within one generation (double e decay). It 
should be noted here that in the models with the Higgs mecha
nism of lepton charge nonconservation the extent of this 
nonconservation sharply increases with the growth of lepton 
mass. Therefore, e.g., BH(D>SC>J.)<10~7 will be equivalent In 
its sensitivity to В Щ К ^ е Х К Г

1 4 (the * resent limitation is 
BR(K£*He)<3'10"

10

, ana l t hardly possible that this branching 
Bill be brought below T O  1 1

 1D~ 1 2 in the near future). 

Hence the study of weak decays of heavy particles in the UNK 
hyperon beam may play an important role in the investigations of 
a number of fundamental problems of elementary particle physics, 
which are: 

A. A precise check of the Standard Model (unltarlty of the 
quark mixing matrix). 
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В. Search for the effects going beyond the SM framework: new 
currents, low energy manifestations of new superheavy 
fundamental particle families, "horizontal" gauge ana Higgs 
bosons. 

0. Study of CPviolation. 
D. Study of QCD predictions in the decay of ' eavy particles 

both at small distances and in the range of large distances, 
corresponding to soft processes and confinement effects. Weak 
decays of heavy particles (especially with the oquark) are one 
of the moat pure laboratories for the study of strong Interac
tions, since the initial states determined by the weak processes 
are given. 

Note, that a different approach to the manifestation of the 
confinement and QCD problems may he found In the study of exotic 
hadronlc states and. In particular, о f atrangecharmed and 
strangebeauty exotics.These manifestations are considered below 

Ц .2. Search tor Heavy Erotic Hadrons 
During last years there was quite a noticeable progress in 

the experiments on search for exotic hadrons: multlquarK mesons 
(qqqq) and baryons (qqqqq), gluebslls (gg) and mixed states of a 
hybrid type (qqg;qqqg). The study of the systems of strongly 
interacting particles consisting of light u,d,s quarks resulted 
in the observation of several states, whose properties could not 
he described In the framework of a ordinary quark model for had
rons (i.e., qq mesons and qqq baryons). These states are consi
dered now to be strong candidates for exotic particles (see,e.g. 
[21,221). Most of these candidates are cryptoexotic hadrons. 

At the UNK energies the search for exotic hadrons may greatly 
be extended, since then they will include multihadronic states 
with heavy с and(or) b quarks. A larger number of the types of 
quarks may bring us to new interesting possibilities. In 
Г81.123] a principle of flavor antisymmetry was formulated, 
according to it the most strongly connected states are those 
consisting of two quarks (or of two antlquarks) with different 
flavors. Then for the mesons of the type qqqq: 

a) the lightest scalar states consisting of q=u,d,s have usu
al values of the quantum numbers; it is possible that n and 
S* mesons are such cryptoexotic states; 
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Ь) the lightest scalar atrangeoharraed шееопа may have open 
exotic sets of quantum numbers (since now quarks are characte
rized, by 4 different flavors). 

In refa.[24,251 It has been shown that there may exist exotic 
baryons with strange quarks and. charmed antiquarks of (cqqqs) or 
(cqqss) types, which »ith a large probability may be stable 
w.r.t. strong and. electromagnetic interactions. Such a situation 
may also take place for (Sqqqs) baryons. The examples of 
the exotic states with heavy quarks are given In Addendum I (see 
Table XVII; see also [26]). In what follows let us consider 
some new opportunities, connected with the search for the exotic 
and cryptoexotic states with open and hidden beauty and charm. 

The search for cryptoexotic states occupy a particular place 
in the studies of nanobam hadronlc spectroscopy. Since one can 
judge about complicated Inner structure of cryptoexotic mesons 
and baryons only by Indirect dynamic features (anomalously

small widths, anomalous decay branchings, special production 
mechanisms) the corresponding experiments will he quite d i m 
cult. Here we are speaking about the processes with small cross 
sections, whose identification is possibly only in the case they 
are characterised with bright signatures, which allow to re
liably single out a signal against background. The success In 
the study of of exotic hadrons with light quarks was caused, to 
a great extent by proper choice of exclusive processes for their 
production and specific decay channels, 

At the energies of 13 Tev the cross sections of the most 
exclusive twoparticle reactions, used In the experiments with 
light mesons at moderate energies (below 100 GeV), become very 
small. Therefore such processes can no longer be effective for 
the search of exotic hadrons In a new energy range. However we 
should mention here some mechanisms which may successfully be 
used in the search for heavy exotic hadrons at high energies 
both In hyperon beams and in proton and и meson beams. These 
beams will also be extracted Into the area of the setup 
location. Such a wide set of the beams will allow one to carry 
out a systematic search for exotic heavy hadrons at the 1 Ж 
accelerator. The corresponding production mechanisms for exotic 
hadrons are presented in Table IX. 
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The experiments on the study of exotic heavy hadrons wh&n 
they are produced following quasiexclusive and diffraction 
mechanisms (1° and 2°) are very much similar and corres

pond to the operation in the spectrometer mode for forward going 
particles. The facilty will be arranged in the same way for the 
investigation of the Coulomb production processes 3°. 
Ihe general scheme of the setup does not change greatly, ho

wever it stretches along the beam up to iSa m. Table X presents 
the estimates of the experimental possibilities lor the relevant 
processes. Particle production in the Coulomb field of a nucleus 
is discussed In detail In Appendix 2. Note that contrary to 
2°  4° mechanisms i° and 5° may result in the production of 
multuquark hadrons with open exotics. 
Table IX. Exotic Hadron Production Heohaniera at Very High 

Energies 
1°. Quastexolusi'e 

Ргооеввев 
luHal + X, (11) 

Prom qualitative considerations 
one ms*y assume that the cross 
seotionB for these ргооеввев do 
not deorease rather rapidly with 
energy. In this at very high 
energies the partiolee from upper 
and lower vertioea are well 
separated over their rapiditieB, 
i.e., the inclusive oharaoter of 
the reaafcion in the lower vertex 
does not produce undesirable 
background in the identification 
of deoaye foi\,a" particles. No ex
perimental data are available at 
present on the energy dependence 
of such опавiexclusive огове sec
tions. However it has been shown 
that they are nuoh larger than 
the оговв sections for correspon
ding twobody reaction, (вее dis
cussions of these problems in 
refs. [21,27]). 

! 
i 
1 - i 

Prom qualitative considerations 
one ms*y assume that the cross 
seotionB for these ргооеввев do 
not deorease rather rapidly with 
energy. In this at very high 
energies the partiolee from upper 
and lower vertioea are well 
separated over their rapiditieB, 
i.e., the inclusive oharaoter of 
the reaafcion in the lower vertex 
does not produce undesirable 
background in the identification 
of deoaye foi\,a" particles. No ex
perimental data are available at 
present on the energy dependence 
of such опавiexclusive огове sec
tions. However it has been shown 
that they are nuoh larger than 
the оговв sections for correspon
ding twobody reaction, (вее dis
cussions of these problems in 
refs. [21,27]). 

N " ^ ^ j
X 

Prom qualitative considerations 
one ms*y assume that the cross 
seotionB for these ргооеввев do 
not deorease rather rapidly with 
energy. In this at very high 
energies the partiolee from upper 
and lower vertioea are well 
separated over their rapiditieB, 
i.e., the inclusive oharaoter of 
the reaafcion in the lower vertex 
does not produce undesirable 
background in the identification 
of deoaye foi\,a" particles. No ex
perimental data are available at 
present on the energy dependence 
of such опавiexclusive огове sec
tions. However it has been shown 
that they are nuoh larger than 
the оговв sections for correspon
ding twobody reaction, (вее dis
cussions of these problems in 
refs. [21,27]). 
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Table IX (continued I 

Exotio hadron pro
duction in fragmen
tation region 
(large Xg) 

h + N j

%>0.540.6*
K ^ 

Где inclusive mechanism of exotic 
hadron produation in the fragmen
tation region of an incident par
ticle 1 B very close to the qu
aeiexolusive proocds disouBBed 
above. As compared with all other 
inclusive reaationa in this 
fragmentation region at suffici
ently large x p , «ie may expect 
more favourable conditions tor 
the salaction of гевопапаев beca
use of the reduction of the com

binatorial background. It is the 
more true if the charge of the 
produced hadronio state fca" differs 
from that of an incident partiole. 
This situation holds in the expe
riments where' indications to a 
possible existence of U mesons 
were obtained [28,29]. Hyperon 
beams allow one to eearah here 
for the partioles with strange 
quarks, e.g.,strangecharmed exo
tic: F and P meeone or P baryone 
(see Table XVII in Appendix I). 

" 0 

Где inclusive mechanism of exotic 
hadron produation in the fragmen
tation region of an incident par
ticle 1 B very close to the qu
aeiexolusive proocds disouBBed 
above. As compared with all other 
inclusive reaationa in this 
fragmentation region at suffici
ently large x p , «ie may expect 
more favourable conditions tor 
the salaction of гевопапаев beca
use of the reduction of the com

binatorial background. It is the 
more true if the charge of the 
produced hadronio state fca" differs 
from that of an incident partiole. 
This situation holds in the expe
riments where' indications to a 
possible existence of U mesons 
were obtained [28,29]. Hyperon 
beams allow one to eearah here 
for the partioles with strange 
quarks, e.g.,strangecharmed exo
tic: F and P meeone or P baryone 
(see Table XVII in Appendix I). 

N Щ 

Где inclusive mechanism of exotic 
hadron produation in the fragmen
tation region of an incident par
ticle 1 B very close to the qu
aeiexolusive proocds disouBBed 
above. As compared with all other 
inclusive reaationa in this 
fragmentation region at suffici
ently large x p , «ie may expect 
more favourable conditions tor 
the salaction of гевопапаев beca
use of the reduction of the com

binatorial background. It is the 
more true if the charge of the 
produced hadronio state fca" differs 
from that of an incident partiole. 
This situation holds in the expe
riments where' indications to a 
possible existence of U mesons 
were obtained [28,29]. Hyperon 
beams allow one to eearah here 
for the partioles with strange 
quarks, e.g.,strangecharmed exo
tic: F and P meeone or P baryone 
(see Table XVII in Appendix I). 

Где inclusive mechanism of exotic 
hadron produation in the fragmen
tation region of an incident par
ticle 1 B very close to the qu
aeiexolusive proocds disouBBed 
above. As compared with all other 
inclusive reaationa in this 
fragmentation region at suffici
ently large x p , «ie may expect 
more favourable conditions tor 
the salaction of гевопапаев beca
use of the reduction of the com

binatorial background. It is the 
more true if the charge of the 
produced hadronio state fca" differs 
from that of an incident partiole. 
This situation holds in the expe
riments where' indications to a 
possible existence of U mesons 
were obtained [28,29]. Hyperon 
beams allow one to eearah here 
for the partioles with strange 
quarks, e.g.,strangecharmed exo
tic: F and P meeone or P baryone 
(see Table XVII in Appendix I). 

2°. Diffraotional hadron 
production (pomeron 
exchange) 

h+N t a+N. (13) 
Here the Ilavore of h and a 
must be the same. 

A possibility for such production 
mechanism of exotic states with 
the orosB sections ot about «1 цЬ 
was treated in [30] in connection 
with the model of the existenae 
of cryptoexotic component of the 
pomeron. According to the modern 
notions, pomeron 1в а multisluon 
system, which confirms the possi
bility of exotio hadron producti
on in diffraotional processes It 
is also of intereet to study оав
oade processes,e.g. diffractional 

N j N 

production of a baryon Bystem and 
its decay with exocio meaon pro
duotion. Systematic search for 
exotio hadron production in dif
fraotional ргооеввев are still in 
progresB. However it is quite pos
sible that a baryon with hidden 
strangeness N(1960) observed in 
the BIS JINR experiments is pro
duced namely due to such a dif
fract ional mechanism 131]. 
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(table IX (continued) 

3 . Particle production in 
the nucleus Coulomb 
field 

h 
(Z,A) 

* ,* (2.A) 

h+(Z, A)  a+(Z, A). (14) 

Coulomb produotion processes are 
of great interest both for the 
search of exotic hadronio states 
[32], and for the study of Cou

lomb excitation of the known hy
peron resonances. 

4 . Central produotion of 
exotic states (double 
pomeron exchange) 

h+N*hf (ahadronB)Ns (15) 

i—• 

This meohanism was treated in de
tail in the experiments of the 
GAMS group and the GLUON project 
[33] is based on it. In connecti
on with the problems on the exis
tence of exotic mesons with char
med and beauty quarks, this 
mechanism may be of great inte
rest for _the search for 
hybrid mesons (ocg) of (b6g). The 
hypercn beam seems to have no ad
vantages as compared with н о г р 
beams (only if the spectrum of 
sea gluons in hyperons be not 
more hard). 

5  Exotic hadron p'.*oduo
tion in large p_ pro
cesses 

h+Na(pT>1+2 GeV/c)+ 
+ jet(p>142 GeV/oHX. (16) 

In the large p m ргооеввев the 
produotion of exotic states with 
excited complicated color inner 
structure may be singled out more 
clearly than in other reactions. 
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Table К. Search and Study i f the Production of Erotic Hadronio s t a t e s 

ргооево BR E Experimental resu l t s Ho tea 

1 ч i * 1°. 
Z~+N(ddaoo)+N 0.14 0.35 Knieriioental een

e i t i v i t y i s 
fiOO evwita/nb 
(lor a,vBR[(ddooo)< 

Diffraotional 
production of 
exot.ia Ьагуопя 
with heavy 
quarks (with 
hidden exo
tiCB) 

2° . 
S~+I^(ddBbb)+H 

Ьт£" 
0.05 0.35 Kxperimental иеп

o l t i v i t y io 
300 evente/nfc 
(for (Тц^ВДОЫвЪЪ)* 
 Я Л ) . 

Diffraotional 
production of 
exot.ia Ьагуопя 
with heavy 
quarks (with 
hidden exo
tiCB) 

3°. 

:r
;r

p
 

0.5 

+X 

0.14 

0.07+0.1 + 

0.O5 

Experimental oenai
t i v i t y : 
600 evento/nb 

•* Ф*; фр]); 

300600 Bvents/nb 

200 eventв/пЬ 

Quaeiexolusire 
production 
of men one and 
Ъагуопв with 
heavy quarks 
and t he i r produc
tion in the f ree
mentation region 
(Ху>0.5»0.8). 

35 



ТвЫе X {continued) 

Zf+№founds ) ° | +1 

T ~ -
v

-'
5 + -

Ltp<pu ;ртрс ;лК it 
. (Sudds )"1 н 

S +К.(овйй)°1 

1010" eventa ot 
th is type for each 
process ntay be 
detected 

The exotia eta
tee are assumed 
to decay along 
ireafc oharmels 
see Table SYII 
[TO experiment). 
I t i s also a s 
sumed that the 
production cross 
section for ero
t i c anticharmed 
strange йагуоп 
i s „10~2 from the 
orooB eeotlon of 
s c о г ^c P 1 " ^ ^ 5 

t i cn . Besi&ea 

(for йг/dij, ~ 
„(lXj,) 2 ) . in 
principle , the 
requirement 
Гр>0.5 i e not 
obligatory s i 
milarly as in 
the TO experi
ments on Z*; 
however i t makeл 
the conditions 
for the search 
of exotio had
rons more pure. 



iblft X (continual) 

1 2 3 4 5 

5°. 
*~+РЬ.О[14ВОГ+РЬ 

Similar ргооеваея for 
other е ю t in mesons, 
strongly oonnooted with 
v* ohannel, e.g. 
к~гЬ»р (J p c =1 " 4 )+PD 

^oV; 171c"; D(12S5)*~ 
(see [321) 

0.5 0.5 This process may be 
detected, i f 
ВЩС(14вОГ<рт:~]> 
> 0.410" 3 

Krperdments 
on exotio 
ееson produa
tion i n the 
Huolear Cou
lomb f ie ld . 
Tor deta i l s 
see Appen
rti» I . 

6°. 
2"+РЬ.2(3170Г+РЬ 0.5 0.5 These studies allow 

one to solve the 
problem on the exie
tenoe of a narrow 
Е(31ТО)фе(вдвввЬ 
baryoa, i f 
BR[S,Sp I >0040.07 

Krperdments 
on exotio 
ееson produa
tion i n the 
Huolear Cou
lomb f ie ld . 
Tor deta i l s 
see Appen
rti» I . 

7° . 
ff*+pp.(oo<Ma) + Fb 0.14 0.5 The ваяв i f 

ВН[£(5000)фЕ"ф]> 

>0.07 

Hotes: a) The measurements are assumed to be carried out .luring 
TO days (310 в with an account of the aooelerator duty 
factor)at the intensity of 10 partiole/s. 

b) In processes 13 the measurements are made with a 
standard Be target 0.2 nuclear length. 

o) In processes 4 the measurements are made with an active 
target V<© , similarly as in 2£ .etc. study, 

d) Coherent ргооеввев in the Pb nuclear Coulomb field 
(57) are studied with the target 1,4 g/om 2 

(4*10
й 1 PD.nuolei/om

2

). 
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4.3. Study of the Coulomb Production of Excited Hyperon 
stateB (Hyperon Radiation Widths), 

These experiments will be carried out Jn the z~ hyperon bean) 
with PT,= 2.7 Te7/c, аз well as in the s", E'h besma and tagged л 
hyperon ones (produced in the s w

 ^ " decay). S and _sT Interac

tions are identified by their final states. As for s + antihype
perons and г~ hyperons the experiments will be carried cut at 
the hyperon beam momentum of 2.25 TeV/c and 1.5 TeV/c 
RoT.e, that the transitions T?~-*£~i and H*">S"I are rorbldden in 
the SU(3) .and SU(6) approximation (by Uspln conservation), and 
з*°->лу, £*+ • z*y are allowed processes. There ^xists a set of 
different predictions for radiative widths of hyperon states 
in the quark model. Therefore the experimental data on the Cou

lomb production of these particles ia of great interest for the 
spectroscopy of hadrons with light quarks and for the determina
tion of the SU(3) and SU(6) symmetry violation in these hadronic 
states. Table XI gives the expected statistics for the Coulomb 
production of some hyperon resonances in the corresponding expo
sures. The efficient length of the setup in these measurements 
will be ~150 m which would allow one to improve the angular 
measurement precision and to Increase the hyperon decay probabi
lity, 

4.4. Study of Electromagnetic Fornfactors of unstable 
Particlee 

The study of electromagnetic formfactors of unstable 
particles by their scattering on the atomic electron targets at 
the momentum transfer >1(GeV,'c)2 may be realized only at the 
fixed target machines with the oeam energy of >1 TeV. This 
scientific program ia rather promising for the UNK. It cannot be 
carried out at the machines with lower energy or at the 
colliders. 

The study of hadron formfactors allows one to check directly 
the quark counting rule and our notions about quark dynamics on 
which it is based. Becauae of the nigh quality of the UNK 
hyperon beam the hyperon formfactors may be determined for the 
first time, which is of great interest from the vi&wpoint of 
clarifying the character of the S1K3) symmetry breaking, 
connected with the s quark becoming "heavier. The polarization 
effects allow one to separate, in principle, the electric and 
magnetic formfactors of hyperons. 
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Reaction 
Игш1 
s t a t e 
BR 

°eoul. 
nuol. 

Hyperon 
f lu i /1 в 
of так 
operation 

HUtttHtr Of 
events per 
1 e of гак 
operation 

tluaosF or 
evento per 
10 d«ya of 
ИНК operation 

LjAiT'ip***' 
0.56 1 10 7 

-20 6.10° 

W"*px+ic~ 
0.56 _30 1.510? Ч 0 2 Э.Ю 3 

5"+РЬ*2"И5Э0)"+РЪ 
0.32 0 .5 10 Ь*Э10  0.06*0.02 (1.8+0.6).10* 

Л+РЬ*Л(1410)+РЬ 

+р*~к° 
+PWVV 

0.2 
per 
nel 

10 510*+1.5'10* 
0.440.1 
par 
ohannal 

(1,340.3). 10 й 

iior channel 

л+РЕ*ИЗВ5)°+РЬ 0.5C «30 Э+1 (9+3)10 s 

(nonde
teotable) 

Л+РЬА*(15Е0)+РЪ 
ЬрК~ 

0.2Э ~5 0.3*0.1 (9+3 MQ* 

' °ooul ~ * r o m Ит

'Нупвв, Preprint LoeAlamoc. 
They may ahange quite .significantly. 

, Pb target (1.4 g, 0.2 rad.length), i.e., 
4.10

2 1 Pb nuol/om2

. , 
Beam momenta P(S~)=2.7 Tev/o; p(E+

)=1.5 TeY/o; 
P(E") and Р(л~)=2.2 TeV/o+1.5 TeT/o. 
UBK duty factor «.1/3, i.e., 10 days oorreBpond to 
effeotive time of Э И О 5 в. 
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The following reactions are planned for the atudy 
s~ + e~ *• s~ + e~, (17) 
2~ + e" * a" + e~ (1B) 

at the particle energy of 23 TeV. To carry out a comparison 
with other data obtained at lower energies and for sake of 
completeness не also plane to have measurements with •к roeeons: 

•к" + e" * ii~ + e~. (19) 
The cross aectlon for hyperon scattering on electrons (see 

(1T)(1B)) has the form 
rdo] [do] r , г.г П + ̂ W * . fGMl

E » fl 1 
MDtt

 l l J ' 
(20) 

where Tit/4115

; t=q2

; v Is the angle in the coordinate system 
where electron hits the hyperon at rest. 

Рог proton the electrical anfl magnetic formfaetors have 
the torn G E ( q

2

) p = V ^ V ^ p = IUq2

/G.71 [GeV]
2

]"
2

. One may 
also expect the same relation for the в" hyperon: G E(q

2

)„ = 
^ M ^ ' S / ^ ; / * ?  ^ ^

 (

f*p'^
 a r e i|a

ene
t

ic moments). It la con
venient to measure the momentum transfer In reactions (17)(19) 
by the recoil electron, using the information about its energy: 
q

2  2ra eZ eM0"
3 E Q tGeV z

] . 
The characteristic angles for the scattering at Ê o2.5 TeV 

and q e =1 GeV 2 are v v =04 mrad, v =o.6 mrad, E^ being equal to 
i.5 TeV, E = 1 TeV. The measurements of the electron energy in 
an electromagnetic calorimeter with an accuracy of UE/E=±2* 
yields the accuracy of U q a / q 2 u±2%. Fig.12 shows the Kinema
tics of reactions (17) and (19). The expected accuracy for 
the formfactor determination for * mesons and в" hyperons la 
Illustrated in ng.13a and b (in the latter сазе it Is assumed 
that G B ( q

2

) s — G^q^j,/^). 
It la of a special interest to atudy hyperon resonance 

production In the reactions 
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Fi£. 12. KinematioB oJ the reaotione z e*Ee and я е»те е. 

,2 ,6 10 1 it 1 * 2 2 ЗА < 
Q*. (5.4-41 

2 

J J .7 .9 II 

Fig. 13. Expeotad aoouraoies for form faotor measurements 
a) Р Я (»*) (10

7

ir/oi 10 hour.); b) Fj,-(q
E

) ana 
Уг2.«(с1г) ( Ю 7 S 7 « i 100 hour«l 
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j
+ + e" * s* + -t- e", (21) 

E " + e~ * E*~ + e~, (22) 
H" + e~ * s*~ + e". (23) 

These reactions will alio* one to measure the transition 
formfactors Y*Y* and to understand the character of the unita
ry synmetry violation. The transitions of jf»E *~ type, which 
are forbidden by SU(3) and SU(6) invariance are of 
particular interest. 

The value for the cross sections at small q
2 is determined 

by the magnetic ntoment of the Y-Y* transition p(Y, Y"): 
cr(Y+e*Y*+e)»»i

2

(Y, Y*)«r(Y*>Y+T). These are Just the same pro

cesses in the Coulomb field, considered earlier in 4.3. 
Because of U spin conservation within the limits of the pre
cise SU(6) symmetry the transition moments у.{ъ~, в * " ) а и fl = 
=ц(н" ,2*~) 3 U ( 6 )=0, I.e., the cross section of the correspon

ding processes also turn into zero. However, since SU(6) sym

metry is violated by moderatestrong interactions, cross .lecti

ons (22) and (23) will differ from zero. In ref.[351 total cross 
section (22) was estimated under certain assumptions on the 
SU(6) violation mechanism: 

!

W 
c* J [do/dtbdtt*l.M0

3 2

cm
E

. The dependence 
'W 

of the SU(6) forbidden transition formfators on q 2 will be in

vestigated in the reactions on electrons, which is the most 
interesting, since such data Jannot be obtained in the 
experiments In the nucleus Coulomb field, where q 2 is very 
small (the condition of coherent Interaction with nuclei). The 
accuracy expected for the (s"s*~) vertex transition formfac
tor in model [353 Is shown in rig.i3b. 

Ц .5. On Measuring the s Byperon Structure Function. 
The study of the DrellYun (BY) production mechanism of lep

tonic pairs in the s~ beam allows one to measure the s" hyperon 
structure function, since the cross section for the relevant 
process is determined by the quark structure functions of the 
beam hadrons and the target. 
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The kinematics of the process la determined by the following 
quantities: 

J, = l ( I p t / ( I J * 4,), (24) 

ч - I<-*F
 + ^ 4 *

4 , )

-

Tne DY pair production croas section [36] has the form 

 ф  = К ^ 4 5 Г Т П Г Se,[q!(I, )q 2

(XJ * Ч 1 (J, )qZ

(I,)). (25) 

where e t is the charge of the quark of the 1 type, <\\&t) la the 
probability to find a quark of the 1 type with momentum 
fraction x± in hadron 1. 

Thp normalisation or the quark distributions is as follows 
i 
fox [q|[(j)  gj(x)] = nj 
О 

n* la the number of valence quarks of the 1 type in hadron h. 
The К factor takes into account the contribution of the hig

her order QOD corrections. ,i*perlmentally iU1.6 for pp inte

ractions and JU2.3 for шеаопproton interactions. 
Aa it clear from (25) the scaling tf3 ̂  = ?(*) should take 

dM 
pls'je. 

Gross section (25) does not depend on the transverse momen

tum. However such a dependence was experimentally observed and 
was established that 

<pT> = (D.37 + 0.028 Vs) [GeV/cl. 
This dependence Is explained by the contribution from the 

processes with gluonlc radiation (bremsstrahlung and Compton 
scattering, see reviews [36.3TJ). 

intense experimental studies were devoted to the DY 
production. Table XII presents the main characteristics of the 
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Table XII. Experimental data on massive lepton pa i r production 

Beam Ыавв 
r a n g e , 
(Ое?) 

( I H / l l , * ) (Хр) 

Number 
of 

e v e n t в om  2 

Exper imen t Турев. of 
p a r t i o l e 

a n d t h e i r E 

I n t e n 
s i t y , 

(О 

Ыавв 
r a n g e , 
(Ое?) 

( I H / l l , * ) (Хр) 

Number 
of 

e v e n t в om  2 

A c c e p t a n c e 
18 

CTS/38/ p ( 2 0 0 , 3 0 0 , 
400) 

„ю' г 
4  1 8 
(2*) 

0 . 1 5 * 0 . 6 5 
(  0 . 1 « р < 0 . 4 ) 

1 0 6 „ю"2 
0 . , 

шин''3"' P (400) г .ю" 616 
( 7 . 5 * ) 

0 . 2 2 * 0 . 5 8 
(V-0.2) 

2 . 2 5 ' 1 0 = . 4 . 1 0 " 5 

ш з / 4 0 / 
It" (280) 
P ( 4 0 0 ) 

по 7 

1 . 5 . 1 0 я 

4 . 2  8 . 5 
4 . 5  8 . 5 

( 4 . 5 * ) 

0 . 1 8 * 0 . 3 7 
0 . 1 6 * 0 . 3 1 
( i j . >  0 . 3 1 ) 

1 . 2 . 1 0 * 
3 . 0 . Ю 4 

г.а.ю 3 8 

4 . 1 0 3 9 

iOr30 

илю"" it" (194) гю 9 
4 . 1  1 5 

(3*) 
0 . 2 1 * 0 . 1 7 1 . 5 8 . 1 0 s 1 . 6 . 1 0 4 0 

~ 5 

CHPHNP / 4 2 / ' P+P (ISR) 
V5=62 0=7 

2  2 5 
58 

(10*) 

о.озю.40 
о.оао.13 

(0.1<Ij<0.5) 

1 . 4 . 1 0 " 
4 . 4 ' Ю 3 

l l . 1 . 1 0 3 S 
 2 . 5 

UNK h y p e r o n 
e x p e r i m e n t B" (2800) ^ • 1 0 т 2  2 5 

425 
о.оэ*о.з5 
0.06*0.35 
(Ij.>0.1) 

4 ' 1 0 5 

3 . 5 ' 1 0 4 
| 3 . 5  1 0 3 a ~ 20 

(M>4 OeV) 



dimucnic experiments with largest statistics and at maximum 
energies. 

The estimates of the DY pair production cress sections In 
2~ Winteractions obtained In accordance with (25) (R=1) and 
with Known nucleon structure functions under assumption on the 
SU(3) symmetry lor JT, are presented In Table XIII and at 
Tlg.14. 

Table Kill. Statistic of massive lepton pair production in 
2~N interactions. 

К (GeV) « J ^ / B с (DY) 
ub/nuolton 

even ts / 
10 dasre 

Number of 
evente/sea 

2-2 ,8 0 .03-0 .04 4.0 2 . 7 . 1 0
5 0.9 

2 ,8 -4 (tj/ r eg ion ) 0.04-0 .06 1.36 O.9 .10
5 

0.3 

4-9 0.06-0 .12 0.476 3 - 1 0
d 

0.1 
9-11 (T r eg ion ) 

11-15 
15-20 

0.12-0 .15 
0.15-0 .21 
0 .21-0 .28 

0.010 
4 . 8 . 1 0 "

3 

0 . 8 ' Ю
- 3 

7 ' 1 0
3 

3 - 1 0
2 
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2 . 3 - 1 0 "
3 

1 . 1 0 "
3 

2 . 10~
Л 

20-25 0.28-0 .35 1 1 6 . Ю -
6 ~10 26 - 1 0

- 6 

25-35 0 .35-0 .48 21 . Ю
- 6 

~ 1 5 - Ю "
5 

4-25 0.06-0 .35 0.49 „ 4 . 1 0
4 

0.104 

L A W target 5 cm thiofc (97 g/om ) will be used in 
the experiment; 

2. The 2 hyperon flux during the measurement period 
(10 days) will be 1=61Q 1 2 s"(2107 s"/seo"1

, the UHR 
accelerator dutyfactor 1/3). The integral luminosity 
in the experiment 4111 be L=7'10 3 7 cm 2 (with an aoco

unt of the 20$ detection efficiency for ц +

и~ pairs at 
M , >4 GeV); 

V- M
3. In calculations of the muon pair yields no aooount пав 

made ,f the К factor. 
4. The baokground from semileptonio deoays of Вдевопв 

for H + _> 4 GeV is <2% of events. 

The results of calculations agree with the scaling extra

polation of the ISR data according to 
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do A(1V^1
1 0 

— = . (26) 

The study of the DY pair pr.luction for v^ >0.06 using the 
statistics of «35000 events will make It possible to 
reconstruct the structure function of sfhyperons In the range 
Q.06<t<0.6 and to compare it with the data on the proton 
structure function obtained in a special exposure with a proton 
beam (E=3 TeV). The results of comparing the data obtained In 
one experiment, « Ш be free from a number of systematic 
uncertainties. 

It is assumed that In this experiment the W target and the 
system for measuring the muon emission angles (hodoscope 
detectors, micros„Лр detectors) will be installed In front of 
the first magnet, Then there will be a beamdump «57 m long 
(partially in the first magnet). Muon pairs will be detected In 
the second magnetic spectrometer. Trigger should select the 
pairs with H>4 GeV. 

4.6. Study ox »eak Hyperon Decays 
Good quality of the UNK hyperon beams allows one to use them 

for high precision studies of weak hyperon decays and search for 
rare processes or this typ*. The sensitivity of the relevant 
experiments may he Ю  1 3 for s~ decays, 1Q" 1 1 for the z~ and A° 
decays, and 10~ e for o~ decays (the decay н%л°п~ is the source 
of the tagged polarized A° hyperons). 

As the examples of such rare processes which require high 
sensitivity, we may take the decay 

S~ * Aev (27) 
(Its relative probability is 5.710

5

) as well as anomalous 
decays with US=2 (e.g., з">ри"к"). Let ua consider process (27) 
in more detail. 

The maximum length of the setup should be used In the expe

riments with cascade hyperon decays, since the Л hyperon 
detection efficiency improved greatly with the increase of the 
effective decay path (see fig.15). The kinematics of decay (27) 
is presented in Table XIV. 
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Pig. 14. The Drell-Yan пшоп pair opeotrum in the reaction 
2~+К*(|мО+Х. 

Pig. 15- The 2-*AOV decay: the dependenae of the detection effi-
oienoy on the deoay path length, where the л hyperon 
deoayo are detected. 



Table XIV Kinematics of the E >Ae~v decay (at P2-=2T00 GeV/o) 

Par t io le B

. t t 
IGeV) 

max 
(GBV) 

<E> Maxlnum a n g l e 
(fOI- <E>) 

Л 
a 
p

l 

2340 
0 

1900 
160 

2700 
180 
2130 
390 

2520 
360 
2360 
620. 

3 .2 '10" 5 

4 . 4 ' 1 0 _ " 
4 . 7 ' Ю " 5 

2 . 6 > 1 0 a 

The accuracy of the corresponding measurement angles should 
he 10" 6

. Maximum transverse dimensions of the facility with the 
common length of LafiOOm Is 8D cm and are mainly determined by 
the Initial hyperon beam divergences. A magnet spectrometer 
baaed on the magnet ыз is planned to be used. The statistics of 
10

7 decays (27) may acquired per 1 day of measurement. 

5. Н А Ш ELHDMTS 07 THE И Е Р Н Ш П М Ш . SETUP 
5.1. Hyperon beam identification eyatem 
The hyperon beam identification system is designed for 

Incident particle identification and to determine Its 
trajectories with a 3 цт accuracy along x~ and y- axes. The 
facility includes hodoscopea scintillation counters, silicon 
microstrip detectors SSDI with a 20 ̂  step and transition 
radiation detectors. At o s; су*3 ци and path length of about 2m 
the error in determining the incident hyperon angle is 3-1D"3 

mrad, which corresponds to the a possible contribution of 
et<10"

d CGeV/c)
2

. At the particle Пшс of >10
T

/S,unlformly 
Ustributed over a 0.5 cm 2 spot, the SSD life-time will be a.5 
year. This problem needs a thoroughful experimental study. 

To identify the primary beam particles (mainly for n meson 
impurity suppression) we use the transition radiation detector, 
which can quite efficiently separate hyperons and plona because 
of a great difference in their Lorents factors (П2-10

4

). The 
charge accumulation In such a detector may be < 100 na. The 
separation of the s hyperon and •* meson transition radiation at 
at 1.5, 2.5 and £.7 TeV is shown In fig.16. 
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In the сазе of necessity the hyperon beam momentum may also 
he measured with a \% accuracy with the help of the 
laat purifying magnet in the ayatera or hyperon beam formation 
{aee Ch. 2). 

5.2. Vertex detector 
The study of the short lived beauty particles requires a 

detector which has high spatial resolution (<20 p.), fast res
ponse and would be capable to worK with high multiplicities.The 
charmed and beauty particles produced in the target decay, after 
covering a short path, yielding one or more secondary vertices 
with the increase of the particle number. One of the main 
tasks of the vertex detector is to detect heavy particles 
secondary decay vertices. This is one of most important criteria 
for the selection of the events with beauty particles, whose 
fraction ia ™10""5 from the total number of the events. The 
vertex detector should have a high efficiency for particle 
detection. The thickness of the vertex detector should be 
minimal to reduce the multiple scattering, photon conversion and 
secondary particle interactions. The detector should be able to 
work under hard radiative conditions, caused mainly by the pas

sing of the primary beam. 
At present we are considering different variants of the 

vertex detectors based on the microstrip detectors (MSD), 
scintillation fibers and charge coupling devices (CCD) In 
combination with MSD. The final choice of the vertex detector 
will be made after a completion of investigations. Quite 
possibly the detector will include a combination of several 
types of precise devices, which may greatly simplify the 
construction of electronics and improve the detector charac

teristics. This section is devoted to the consideration or 
a vertex detector based on microstrip detectors. All other 
variants are given in Appendix III and Appendix IV. 

The proposed vertex detector (VD) (see fig.17) incorpora
tes twelve MSD stations installed along the beam at a 
distance of 20. mm from each other. The vertex detector length is 
250 mm. Its transverse dimensions are determined by the beam si
zes and angular acceptance of the ГасШ+у (+0.1 rad) and 
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variea from (15*15) mm 2 in the first station up to (45x45) ram2 

in the end stations, starting from station T. 
The first six stations of 1 ? vertex detector make up an 

"active target", where the primary Interaction takes place. 
The remaining alx coordinate stations are used for the determi

nation of the charged particle tracks. 
The active target station consists of four planes of one

aided HSD (X,Y,X\Y*), each 300 jun thick with 25 ^m 
strips, and 1 ram thick silicon дЕ detector. The HSD planes 
are installed symmetrically with the w. r. t. ДЕ de

tectors and 9erve to point to the coordinates of the charged 
particle tracks, while the дЕ detector provides the Infor
mation about the changes in the number or charged particles, 
hitting the detector area. The active ta*get total thickness Is 
Q045 nuclear length and 0.2 radiation length. The choice of 
the target thickness was determined from the requirement for 
the sufficient number of interactions of incident beam particles 
at an acceptable level of photon conversion. The active target 
stations are distributed along the beam to localize secondary 
vertices from beauty particles outside the target matter. The 
active target design envisages a possibility to Increase the 
target thickness and to study the dependence of the production 
cross section of beauty particles on the atomic number of proper 
Insertions. 

The coordinate station consists of two twosided MSDs (X, Y, 
X', Y') 200 >ш thick each with 25 цт strips. The sixth and se

venth coordinate stations contain also дЕ detectors 300 pjn thick 
which provide Information about the changes ol the number of 
charged secondaries in the events caused by decays of beauty 
particles, produced in the end station of active target;. 

The MSDs will be manufactured from the plates of high re

sistance silicon of the n type, 200 and 300 \m thick, onto which 
the strips will be put with planar technology. With the 
25 рш step the strip width will be Ю ул. The maximal dimensions 
of the sensitive area will be 45^45 mm 2

. The efficiency of de
tecting one minimal ionizing particle (HIP) Is expected to be 
99.99Я. The MIP energy losses in silicon is 26 KeV/100 цт, which 
corresponds to the production of 25000 pairs of carriers In 
300 иЛ1 of USD. The signaltonoise ratio will be (10+20). The 
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spatial accuracy is expected to be <5 цш xften averaging over a 
cluster (ietermlned over one atrip 25/vrz<»7.2 \ W ) . The average 
slae of i,he cluster is 1.6 strips, the hit.ing probability lor 
one or tira strips is 9SS. The resolution between tiro tracks is 
100150 tjn, which corresponds to the angular resolution 
(G.40,6ilD~

3 mrad. As it follows frura che estimations, the 
information from the six stations allows one to reconstruct 
the vertex of the В particle decay with an accuracy of 10 ̂ m in 
the plane transverse to the beam and of 100 |Ш along the team. 

The detector which would meet the requirements of experiment, 
should, from the very beginning, have not leas than 99Ж of the 
strips with the leakage current <10 nA. During the experiment 
with где beam the leakage current should not exceed 200 nA. With 
this value exceeded the contribution from the noisee becomes 
significant. 

The charge collection time for the USD 300 \im thick is 10 ns. 
ThiB allows one to include the vertex detector Into the trigger. 

The number of USDs In the vertex detector is equal to 36 with 
the total number of the information channels 310*. which can be 
reduced by 30405Б if the vertex detector configuration la 
changed. 

The vertex detector design should allow for geometry changes, 
access to certain stations, replacement of the target material, 
fine adjustment and control of the target and MSD position. The 
strategy of assembling the vertex detector foresees the adjust

ment of the stations with an accuracy up to tens of pjn in com
bination with a high mechanical stability of the whole vertex 
detector structure (5>un) and high, accuracy of controlling their 
position .in space (2цт). The accuracy for the relative position 
of the strips In the JED, for gaps, and strip sizes oyer the 
area of the detector is 1 цт, which is guaranteed by the photo
litography process used in industry. The MSD adjustment will be 
carried out with optical method when assembling the detectors: 
the position of the MSD planes will be measured respect to the 
fiducial points or the stations. The relative position of the 
stations will be then determined using geodesic and optical 
techniques over the reference points in the course of the ver
tex detector assembling and with further precise measurements 
using the particle beam and collimated Xray beam. The radiati
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ve stability or HSD when irradiated, by the photons from the C o 6 0 

source, la estimated to be 2Ю 6 rad and being Irradiated by re
latlvlstlc particle fluxes  Ю 5

* 1 0
б rad, which corresponds to 

the Integral fluxes of io
1 3

*ia
1 i p/cra2

. This problem la being 
Intensely studied now. 

5.3. System of fiber track detectors 
The track system for particle detection upstream of the first 

magnet spectrometer will be supplemented by a system of the 
scintillation fiber detectors. The detectors of this type 
are considered In detail in Appendix 3. The track fiber system 
will be Installed after the vertex detector. The system Includes 
seven planes of fiber glass with the read out on one COD (586* 
••1088 cells). Three planes are Installed right after the vertex 
detector (X, Y, V), two planes are at a distance of 15 cm from 
the vertex detector and two planes {X,Y) are at a distance of 
30 cra*J

. The planes consist of capillaries 50 cm long with the 
inner diameter 150 цт and outer  200 fim, each plane is 1.5 mm 
thick alone the beam. The plane slses are chosen such as to co
ver the polar angle of i100 mrad. The smallest transverse size 
of the planes is 50 mm and the largest one is 90 mm. The planes 
are connected to the photocathode Image intensifler (II) with 
the diameter of 50 ran. The total number of the fibers is 1.510* 
the total length of 7 km. 

The fibers from all the planes are read out by one intensl
fier system (three II, one CCD). The image reduction factor is 
K r a d = 8 . Along the distance I*=50 cm and the plane 1 .5 mm thick 
the number of photoelectrons is H~10. 

The space resolution о mainly depends on the fiber sizes. 
For the diameter 150 fjn a *50 fim. The contribution from the cell 
eizea (15х15цга2

) 6 C C D=15K r a d/VT2=34.5 ^m. All the Other contri
butions may be neglegeable: e=vb^+e^c:D = бо jim The accuracy of 
the track localization ia 

'If з Cerenkov detector RICH1 (as ie ehown in fig3) be put 
in front of M1, the structure of the detector may somewhat 
ohange. Several fast response proportional chambers, 
manufactured lithographically, яву also be used. 
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e = g / T g W  2 9 , * . 
2 '(N+1)(N+2) 

The accuracy is a*35 рш with an account of the 
multiple scattering. The error in determining the angle (along 
the 30 cm path length) is 0^10" 4

. 
The resolution between the tracks is determined, by II and 

CCD cell sizes and. is equal to U<2CQ цга. 
At present the time resolution is 150 ns (see Appendii III). 

The application of optoelectronic delays will allow one to 
obtain the time resolution of <W ns. 
Dead, time is determined by the time of transfer, readout and a 

possibility to buffer the data in CCD. The information transfer 
from the accumulation section to the memory section of tbe GOD 
takes 30 i*s, the readout time is 350Vs. The scintillation fiber 
image occupies a small area in GOD therefore one has a pos

sibility of buffering for five eTents. 

5.4. Track system 
The track system of the facility consists of four blocks of 

minidrift chambers DG1, DCS, DC3, DC4 (see flg.3). 
Each block consists of four modules with identical 

structures:XYOV. Each plane (X, Y, U, V) is doubled. Consequent
ly each block has 16 doubled planes (to avoid leftright uncer

tainty). The chamber sizes, the width of drift cells and the 
number of channels are given In Table V. 

5.5, Secondary particle identification 
Ring image Cerenkov detectors (RICH) and transition radiation 

detectors (TRD), whose location within the setup layout is 
shown in fig.3,are used for secondary particle identification. 

5.5.1. Ring Image Cerenkov Counters 
The requirements imposed on the multichannel differential 

Cerenkov counters assigned for the identification of seconda
ry charged particles, are as follow 

 good time resolution (<102O ns); 
 capability to work at high Intensities (>1421D7 pps) and 

to detect events with charge multiplicity up to 30; 

» 
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 high detection efficiency (>95%); 
 stability and reliability in operation. 
Since the duration ol the CereriHov light radiation (00 s) 

ia considerably 1езз than the duration of the signals from the 
photocathode used in the Cererikov devices, all tne requirements 
imposed on the RICH counters are true for PMs or gas photolonl
satlon chambers. 

Тлеге exist new designs of photolonizatlon chambers with time 
resolution of 1520 ns (ParallelPlate Avalanch Chamber with 
pad anodes and MWPC type with pad cathode)to be used щ high 
intensity particle beams. Because of the difficulties in manu

facturing and exploitation of large chambers with much electro

nics, we propose to use smallsized or raultianode РМэ for 
the Cererikov ring detection. Photosensitive walla of several 
square meters may be composed of these PMs which will satisfy 
all the requirements Imposed on the RICH counters. 

The prototype of such a multichannel Cererikov spectrometer, 
now operating as a component of the SPHINX facility, was 
constructed at IHEP in 1989. 

The principal optical scheme of this detector is shown in 
fig.18. A 736 channel photosensitive system was used to detect 
Cerenlcov radiation. PM60 with the bulb diameter 15 mm and amp
lification factor of >10 5 were used as photodetectora. PH glass 
photocathodes were covered with shifter to Increase the yield 
of photoelectrona from Cerenkov radiation. The electronics pro

vided the amplification required for a reliable detection of 
oneelectron signals from the PH. The results obtained from pre
liminary processing showed high efficiency and almost complete 
зЬзепсе of the back^ground. A multlparticle event in this Ce

renKov counter la shown as an example In fig.19. The results ob
tained with the prototype detector showed that РЫ60 may be used 
for the Cerenkov spectrometers at the ш к as well. 

Three RICH counters, which allow to identify *,K and p in the 
momentum range up to 200 GeV/c, will be used in the facility 
for hyperon studies (see flg.3). For particle identification at 
higher momenta TRD detectors can be used. 

The first RICE detector with the radiator length of about 1 
and a relatively small number of channels will be Installed 
between the vertex detector and thr magnet H1. It will be 
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Pig. 17 The layout of the active target and the vertex detector 
with miaroBtrip silicon registers and silicon semicon

ductor aounters uB for ionization measurements. 

Pig. 18. The layout of the 736ohaimel deteotor RICH, used ±в а 
component of the SPHINX facility for the detection of 
secondary particles. 1  epherioal mirror of thin glass 
(Д=5тт, f=125 ram); 2  detector body; 3  flanges of 
the output plugs; <t  a aet o£ the Ptfa (each of two 
sete contains 368 PH 60). 

''A1', Iv'w, л \ л MwXwiv 
 Г 1 "> I ' . T ' X Y * 

w>!ww, SVV,f WiWrVAS 
4V, Ш х*т£; •jVWAW.V 
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XX. :i j r : u i 1 x \ : i i :a i^i.(,.r:riii,:..!| 

1. J.l u . l . i : . \ 1 : . ; . л ; J ' • J >.. ! ^ ! ; 

Pig. 19. 
Multipartiole event, detected 
in RIGS at SPHINX. Three Ot
renkov rings are singled out 

56 



used for the Identification of particles with momentum up to 
30 GeV/c and emission angle Я 520 mrad. The second HIGH detec

tor with the radiator 56 m long Is installed between the mag
nets H1 and M2, to identify particles with momenta up to 
100 GeV/c and emission angle up to ±75 rarad (this angualr range 
was chosen with an account of the deviation of particles in the 
magnetic field of M1 and emission angles of particles from hypii
ron decays). HIGH 3 counter with the radiator 15 m long will Lie 
Installed after the magnet 42 will to cover the momentum 
range up to the region where secondary particles will reliably 
be identified with the TiU) detectors. 

The main calculated characteristics RICH1, RICH2 and RICH3 
detectors are given in Table XV. 

5.5,3, Transition radiation detectors 
It is planned to use several transition radiation detectors 

for the identification of beam particles .electrons from the 
secondary particle decays and for separation of * and К mesons 
with the T factor >10 3 in the region where their identification 
by Cerenkov radiation Is complicated. 

The beam Identifier TRD1 serves to separate hyperons and it 
mesons in the primary beam at E > 1.5 TeV. TRD1 consists of ̂ 0 
modules, each module contains a radiator and 3sectioned propor
tional chamber. The radiator,consists of 200 layers of polypro
pilene film 17 \m thick with a 0.5 mm gap and the area of 
2-xZ cmfc

. The proportional chamber with 0.5 mm step was filled 
with депопmethane (30Ж) mixture. The separation of n and s hy
perons at T.5, 2.5 and 2.7 TeV is shown in fig.16. 

TRD2, installed after the RICH2 counter (see flg.3 and 
Table V)„ is 2x1.5 m 2 and 5 nodules. Each module contains a 
polypropelene radiator and proportional chambers with 3 ram 
pitch. The number of channels in this detector is 60D0. nmeson 
rejection was 1D 3 at 90% detection erriclency for electrons. 

THE3 Is also used for electron selectrion and is equivalent 
to TRD2 in its structure. 

THD4 separates r. and К mesons with energies higher than 
150 GeV. There are 10 modules 3x2 m s

, each module containing a 
radiator of propylene film layers and (X,Y) proportional 
chambers with 3 mm step, respectively. The number of de
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tection channels in the chambers ie 1.7104

At 90* efficiency of 
тс meson detection the К raeaon rejection dependa on the particle 
momentum and varies from 1Q 3 to 10 in the momentum range from 
150 up to 1500 GeV/c. 

Table XT. Characteristics ol Multichannel Cerenkov Spectrometers 
of the RICH Type. 

HICH1 MOH2 RIOH3 
Poouaiiig distance of 
spherical mirror (m) 1.5 G.O 15.0 
Hadiator length (m) 1.0 5.0 15.0 
Radiator gas; 
refract ion coefficient 

Fieon 12 °»4 Ne 

( n  1 M 0 6 1012 470 64 
Spherical mirror 
sizes (m2) 0 0.5 (2.12) 2.72.5 

it/K/p 3.2/11.5/23 5/18/36 13/46/92 
iR (dlsp) (ran) (PWHM) 3 5 3.75 
Rmai " m l 

n, e (p=n=ioo e 2 L (от) а.а 
( ^ P ' idea l < ™ " 0 
=tga 4e/Vn f e 

68 
16.5 

163 
36 

165.в 
15 

Rmai " m l 

n, e (p=n=ioo e 2 L (от) а.а 
( ^ P ' idea l < ™ " 0 
=tga 4e/Vn f e 

210' 5 4"10" 6 7.510" 7 

Assumed angular 
range (mrad) ±100 475 430 
The area of phatodeteator 

(m2> 0.50.5 1.11.1 1.11.1 

Number of РИ 60 
SR (for PH 60) 

10 3 510 3 510 3 

=15/V12 n f f l (mm, PWHM) 2.5 1.7 2.7 
лр/Э (PVWffl) 610"* S«10~6 2 " 1 0  6 

The ultimate momentum 
for par t io le separation 

35 100 240 

V P
 ( 0 e T /

° > 60 1B0 400 
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5.6. Triggering logic л 
The main problem in the study of the particles with. heavy 

quarks In hadron collisions is to suppress the background from 
the ordinary Interactions, whose cross section la 10 5 times 
larger than lor the processes with beauty particles production. 

Recording of about i Mb of information per second on tape 
seems to be quite realistic, which makes up to 50 e7entB at the 
average event length of 2D25 Kb. 

The triggering system should have a multilevel structure 
to provide such selection factor. 

All the calculations for the system are given for the primary 
beam intensity 0Г 210 7 pps and target 0.05 Interaction length 
thick Numerical estimationais for the selection factors 
were HonteCarlo calculated with the help of the LUND and ISAJEI 
programs. The following scheme for the triggering logics la 
planned. 

The first level trigger fixes the interactions with the tar
ge ь (rejection ~20) and. the requirement higher multiplicity 
In the events with heavy particle's (selection coefficient 2). 
As the calculations nave shown, the number of charged par

ticles In the bb pair production is, in average, by 1020 larger 
than in the soft processes. The decision time is 15 ns. The 
output flux will be 5105 events/sec, and beam losses are 3056. 

The trigger of the second level is based on a Jump of charged 
particle multiplicity, which arises from the decay of particles 
containing b quarks. Using the Information from the дЕ detector 
one can suppress the event flux ten times during 80 ns. The 
output flux will be 5to4 events, the dead tlrae being 4S. This 
can be seen from the calculations given in figs.20 and 21. The 
second level trigger initiates the readout oi* the Information 
from the registers to the buffer memory. 

As Is known the particles with b quarks are produced in hard 
collisions with large transverse momenta (<p»2.8 GeV/c) cont
ray to the soft processes (<рт>~0.35 GeV/c). Besides, in their 
decays there are produced particles with large p T. Therefore 
the third level trigger analyses the transverse energy or 
the particles produced using the information from the calorime
ters. Moreover the decay products of b particle occur in some 
Interval over pseudorapldltles. Hence, the selection of events 
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over the total value for the transverse energy in a certain 
range of pseudorapidity may yield this or other degree of the 
rejection at a given efficiency of b particle detection. 

Pig.22 shows the dependence of the detection efficiency for b 
particle on the degree or the background rejection (upper 
curve), the Information about the total transverse energy 
within the rapidity interval of 3.2<т)<5.2 Ггога the calori
meters being used. The lower curve shows the dependence of the 
rejection on the cutoff value. Imposed, on the total trana

verca energy (left scale). 
The decision tune is 1ца, the rejection factor ia 10 at 

the detection efficiency >50Ж. The output nux will be 
510

3 events/э at 5% dead time. 
The follow trigger processors work with bufferized informa

tion. 
The fourth level trigger recognizes the presence of the 

tracks, not directed to the primary vertex. A vertex detector 
being used for thia purpose. The idea that was checked in the 
the simulation, consists in: 

 first the coordinates of the primary vertex inside one of 
the six target stations «ere determined with a special 
procedure; 

 then, In each Xj and Yj plane of the station, right after 
the target station, the number of hits was determined: N=N1N2, 
where Nt Is the total number of hits In a given itft plane of 
the station, and. N2 is the number of hits belonging (in the 
given error bars) to the straight lines passing through the 
primary vertex and corresponding hits of the subsequent <i+1) 
or (i+2) stations. 

The N distribution histograms for the events with В particles 
are presented in fig.23tf, and flg.23u  for the background 
events. 

Pig.24 presents the selection efficiency for the events with 
В particles obtained with the help of these histograms, as a 
function of the rejection factor of background events (for 
different values of the error bars). 

Prom the calculations it follows that one may achieve the 
rejection factor of 10 at the В particle detection efficiency of 
> 50Ж. 
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Chary* part icle multiplici ty 
iua$ in the intorsaUone with 
an aotive target: broken 
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Pig. 21. 
Charge jump in the 
interaction with an 
aotive target: broken 
line 

 nBof events", 
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with bb production. 
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Pig. 22. 
Deteation efficiency for 
the partiolee with b qu
ark versus the background 
rejection with applicati
on of the information abo
ut sunned transverse 
energy in the pseudorapi
dity range of 3.2<T)<52 
(upper curve). Lower 
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the rigth: the dependence 
of the background rejea
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Pig. 23- The number or "hits" in the mioroBtrips of the X and. Y 
planes, the nearest to the ihteraotion Vertex, rema
ining after "hits" subtraction for the traoke, ooming 
from the primary vertex: a) for "soft" evente; b) for 
the events with bb production. 
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The decision time la 100 u,s, the oputput flux is 500 events/s 
At the fifth level of the trigger the reconstruct ion of the 

events in the vertex detector takes place and the number of 
secondary vertices la determined. During 10 цэ one can achieve 
the selection factor of 15 and make the data flux 3040 events/s 

In principle, other selection techniques for useful events 
may he used, for example, by detecting leptons with large 
transverse momenta (see fig.25). 

Table XVI shows the above quoted data on the system of 
organising a trigger lor the selection of beauty particles. 

5.7. Data acquisition eyatein (see also Appendix 5) 
The electronics should be realized in ths FASTBU5 standard, 

maybe using a simplified protocole. 
The Information readout time In the FASTBUS crate (the size 

of the event 2025 Kb) is approximately equal to 10 us. The 
events are to be read out in average each 200 ps. Therefore the 
information should preliminary be buffered in the receiving 
registers, containing a buffer for 26 events so as to maintain 
the dead time at an acceptable level. The Information form the 
F&STBUS registers is then recorded In the preliminary buffer 
memory (410 events) assembled in each crate with frontend 
electronics. Then specialized processors are put into operation, 
repacking the accepted event and making partial conversion of 
the information. So as they may also calculate some sums (with 
the weights included) all these will then be used In trigger 
and record the data into the buffers of Event Builder devices,, 
Some events may be put into the buffers without any conservation. The 
buffers are grouped according to the types and of the devices 
(e.g., over the X, Y projections In the dtift chamber blocks, 
etc.). 

This Information is used for the next level trigger produc
tion. Specialized processors, used for trigger decision allow one 
to reduce the information down to 50 events per second. Selected 
events are the inputs for the universal microprocessors (micro

processor farm). Their goal is a complete processing of the 
data, final selection of the events of therequlrd class, forma

ting and packing the Information. The total power required for 
the solution of all these problems is about 100 Mire. 
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REJECTION FACTOR 

Fig. 24- Detection efficiency for the events with the production 
of particles with ob quarks versus thB background re
jection using the selection criteria over the "hit" 
differences in the vertex detector planes (see fig.23 
and the text). 

(ftGeVfc) 

Pig. 25. The selection of the events with the bb production when 
detecting leptons with large transverse momentum. 



Table XVI. Block diagram of trigger signal forming. 
Inmtf 
Пиж 

( е т о ь м / з ) 
D e c i s i o n 

t i m e 
Р е д е о 
t i o n 

Dead 
time 
% 

1 2 * 1 0 7 I n t e r a c t i o n s w i t h highe;* 
m u l t i p l i c i t y 15 п в 40 30 

2 5 « 1 0 5 M u l t i p l i c i t y jump 
( d e t e o t o r e  d S / d z ) 80 Пв 10 4 

3 5 » 1 0 4 Large t r a n s v e r s e e n e r g y <T >iB 10 5 

4 5 * 1 0 3 
Counte of t h e h i t e from 
t h e t r a c k s воаа e e e o o 
dary v e r t i c e s 

100 цв 10 5 

5 5 < 1 0 г 
D e t e r m i n a t i o n of t h e 
number of Beoondary 
v e r t i c e s 

Ю г л в 15 1 

4ur£0 events/в: writing on magnetio tape~£ Hbyte/в 

One of the possible versions is the application of the 
processor farm the AC? type (FNAX), consisting of 10 blocks 
with the power up to 20 MIPS. Оле of the blocks Is to work 
as an Event Builder and beslded It ahould record the Information 
on tape 

The resulting output flux win be ~50 selected events per 
second, or about 1*2 tfb per second. The manage such flux one may 
use 23 devices of the EXABYTE type (In parallel), i.e., all in 
all ane needs 6 devices of this type. The higher the response of 
these devices the less In their number. 

A multiuser computer with the processor of the аагае type as 
in the microprocessor farm seems to be expedient In this сазе, 
though a computer of the MicroVAX type may also be acceptable. 

Sufficiently cheep Equipments computers with a direct access 
to the fronend electronics are to be used for the test and 
control the apparatus. 

The experlmentators should be supplied with a set of 32blte 
personal computers opening together with the main computer and 
Equipment computers. 

A set of specialpurpose microcomputers should be used to 
control the power, gas supply systems as well as some other 
elements of aet up. 
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Table TfII. Some types of exotic hadrons with heavy quarts 

Typs at exotia 
par t ic les Notations Quark 

остроoition 
Main 

charao t e r i s t i os Deoay Channels 

i 2 3 5 
1. Open eiot io 

strange  ohanced 
гаевопв (with an 
exotio net 
of quantum num
Ьеги I:5;C 
t23Jj . 

4 •вйЗ (I;S;C)=0;1;+1 
IS the meson mans 
below the ЕЕ thres
hold then a ircak 
deoay 5°~к"я"Ч +* + 

take plane 

5

? 
o 5 ( q q ) I n 1 

(I;S;C)=i,1,1 

(I;3;C)=1,1.1 

(I;S;C)=1,1,1 

Cryptoexotio 
гаевона of thin 
type [23] К o a ( q q ) I = 0 (I;S;C)=0,i,1 

Slea t r . mag. deoays: 

D*«°; Dg«°7 | i r 

Open exotio mesons 
with two heary 
quarto): Q=b;o. ( № 

B=2 
or 

№ 
eto . 

The l igh tes t s t a t e 
the (Ьпйй), (boud) 
type should be 
stable respeot of 
strong and eleat ro
raagnetio in terae
tions (from QCD 
analys is ) . 



Table JCYII (oontinucua) 

1 2 3 4 ь 
2. Strangeanti

oaaroed baryone 
with erot io qu
antum num
bers Ia4l 

5B 
P" 

5s 

(cuudfl) 

(cudds) 

s1/2; 1 ;  l 

P° *pm*~; pipe"; лК+* 
freak decays). With 
a large probabil i ty 
these вtaten are 
stable uspeat to 
strong and e lec t ro 
magnet i о in tsran

P ' ~ (оийвв) (I;S;CM>,2,~1 

P ' "  £ " 9 ; K"K"P 

(weak assays). Sbese 
s t a t e s ma? be s table 
w . r . t . strong and 
e1eotromagnetie 
Interaotien 

»&-.- (oqqea) (I ;S;C)=l .2. l 

3 . Similar s ta tes 
•nlth bquartts 

(BqqqB) 
(Бадей) 

4. Quaziexotic me
вопв frith hid
den charm 
(4quark mesons 
and hybrids) 

|
: 

(COBS) 
(acg) 

J=I S=C=0 
1=0 S=C=0 
1=0 S=(3=0 
1=0 S=C=0 

H t o ,«Pn; ФУ! чм 

v 
5. Similar s ta tes 

with hidden 
beauty 

»<» [ b b ( q q ) I M ] Itj.'^!» 

6. Quaziexotio ba
гуопв with hid
den ohara 

(qqqoo) 
(qqnoc) 

1^3/2 and 1=1/2 
1=1 end 1*0 

7. Similar baryons 
with hidden 
beauty 5.. (qqqbb) 

Votes: Different deoay ohannele for strangeoharmed юевопа, some 
rti'oh are given in the Table, are detemined by the maee 
values or these p a r t i c l e s : а)Щ?)>М(ОК]: Ь) H(DK)>5(P)> 
>H|Daic); о) И(ББ*)>Н(Р). Рог inetanoe for l x mesons " i t h 
y(Pj)<H(Dan) one may have only electromagnetis and weak 
decays, and for P^ mesons vi th ваяв И(Р )OI(DK) only weak 
ones. Notations for тевопв with open a c t i o s ; ? - par
t i c l e s with "апава1оиЕи strangeness; P  part ioles with 
"anomalous" ieaepin. 2he Table does not oleim tor oomple
tenees. Other exotic s t a t e s irith beauty and ohansed qu
arks were also considered (see e .g . , [26]}. 
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Appendix g 

СОЩДМВ PRODUCTIOH OP HADRONS 
AND STUDY OF HEAVY EXOTIC HADROHIC STATES 

A2.1. General description of particle production 
in the Coulonto Held 

In general the process of coherent production of "a" state by 
h on a nucleus with charge 2 and atomic number A is fairly 
camples, since It originates from both electromagnetic and 
strong interactions (see diagrams of fig.26). The differential 
cross section coherent production of particle "a" on a nucleus 
has the form 

do/dlti = ITC + е 1 !

РТ_1
г

, ' (А2.П 
where T c is the .amplitude of Coulomb production, T„ la the amp
litude of strong Interaction (e.g.. by the ш pole exchange), and 
ш is the relative phase of these amplitudes. In the apprccsima
tlon of the smallwidth resonance state "a" the electromagnetic 
cross section takes the Гогш 

f 4L "I
3 

r(aMi7)MJ 

KAZ.Z) 

at 1 
dTtT 

| т . |
г г а™г

г 
(2J a i - t ! 

K J h + 1 > 

= 
n i l , , ? ( t ) l

2

. 

Here 2 is the nucleus charge, a is the fine structure constant, 
r(a*h7) is the radiative width of the corresponding decay "a", 
J and J are the spins or particles "h" and "a", m̂ , and m a are 
their masses, F_(t) is the electromagnetic forcifactor of'the 
nucleus, !t r a l T.: = (ra* -\.^',£*ь -3 t t i e m i n l ! r , u m value for the squa
red momentum transfer, P., Is the particle h momentum. I* the 
primary particle is a photon then an additional factor of 2 enter 
the expression for the differential cross section. 

The cross section of coherent production of na particle via 
a strong interaction mechanism is given by the expression 

Ido/ditil, = ITJ 2 = A 2

Cjtt. i:?_(t)l
2





Here A is the atomic number of the nucleus, С is a normaliza
tion factor for the "a" particle production on a single nucleon 
(this factor defines the contribution of the strong interaction 
mechanism), F (t) is the hadronic formfactor of the nucleus 
(the formfactor F 3(t) takes into consideration the corrections 
for rescattertng and absorption of the primary and secondary 
particles in the nucleus). 

As it follows from (A2.2) the cross section for the Coulomb 
production of a particle Is proportional to the radiative decay 
width Г(а*пт). Therefore the measurement of the Coulomb process 
croas section makes it possible to find directly the absolute 
value for the radiative width. The difficulty lies in singling 
out the Coulomb process and suppressing the strong interactions 
background. 

Fig.26 shows the general structure of the cross section of 
the Coulomb particle production. The Coulomb cross rises steep
ly with the decreasing momentum transfer. As is easily seen from 
(A.2.2) the cross section reaches ita maximum at It l=2lt . I 

1 _ о min 
and in this point [da/dt] т « i t . i «*P£. As the i n i t i a l mo

r о max min n _ 
mentum increases, cross section at the maximum grows as P£, ana 
tlie maximum Itself shifts to smaller values of t. Here it occurs 
that the total value for the cross section of Coulomb particle 
production grows logarithmically with P h > On the other hand, the 
cross section for a strong coherent process has a considerably 
wider t distribution, and , as a rule, it greatly decreases with 
the growth of incident energy (in the case ш exchange  зэ F~'). 
Hence, with the growth of incident energy the effect of the 
Coulomb particle production becomes more distinct, and the 
strong interactions background rapidly vanishes. 

A2.2. Search for Coulomb production of ezotic Ьайгопв 
We shall consider electromagnetic production of exotic vector 

and isovector mesons with hidden strangeness C(1480)~ as an 
example of applying the Coulomb mechanism for the study of the 
properties of exotic states 

It" + (Z, A)  C(1480)" + (Z, A). (A2.4) 
The neutral component of this Isovector iLoltiplet 0(1480) • cpiE° 
was observed with the LEPTONF setup [21]. The discussions of 
the Coulomb mechanism in the search for erotic mesons, strongly 
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connected with the Vic channel may be found in [321. As compared 
with neuronic process this precisely definite Coulomb mechanism 
allowed one to cany out more reliable the partial ware analysis 
and to single out new mesons, (see [32]). 

The cross section for reaction (AE.2J turns out to be 
proportional to the radiative width Г[П(14В0)">1с~'г], which in 
the rector dominance model (VDH) has the form 

ГГ004ВОГ  u~7i = Ia/(gf/i)l(i!7/K 1^(0(1480)"  щГ\ = 

= !a/(g?/ic)](E Л )
3

Го'ВН[0(1480)"  т > ] « 

 (7.4.ID2 KeVM3R[C(1480r  щ">. (А2.5) 
Неге К , К are photon and ? meson momenta for the correspon

ding decay channels of 0(1480) meson; r = = 130t60 Kev its total 
decay width; (g?/iO<*9 is the constant of the ^ transition in 

«hereof and from (A2.2.) it follows 
0(C"4(m") C o u l o m b=0[ir*(Z, A).0(U80)"+(Z, A)bBR[C(1480)"<mi~)» 

Г « I 3 

= ZiwZ4-=-~) IBH(C148D)"  <рГ]ПС(148а)  K~7) < 

Д П X—X i l Г H "1^ 
, j . Ш12_ , j , ( t ) | 2 d | t | „ 2 4 T O l Z 2 l c _ „[ВН(С(1480Г<рГ!г« 

' ( 7 . 4 И 0 2 K e V H l i U i / i t ^ l J  I . S ] . (A2.6) 

H e r e nm±a{ = [K~^]S/A K-' 4 * 1 1 0 " 3 G e V ~ 2 (Юг Fb nuc le i ) ; F z ( t ) 
I s the electromagnetic formfactor of the (Z, A) nucleus. For a 
lead target we have 

'The channel (Гччп; u -*j may also contribute to the width 
г(С<74аО)~*к~7]. However for the exotio 4quarfc Стевоп ni th 
hidden strangeness t h i s contribution веегав to be email (besides 
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0(0  < Ю С о и 1 о г а Ь

 ы 2 . 5 Л 0 3 tAdCBRrC(1480)" * фпГП г (А2.7) 

(at р т с equal to 15QC GeV). 
The number of the events N(0 *q>rc) . which can be 

K K (coulomb 
detected on the lead target with 4102

" Pb nuclei per cm 2 

v (1.4 g/cm2

) in the тс" meson beam with the momentum 
1.51Q

3 Gev/c per to days of the UNK accelerator operation (the 
detection efficiency being EMD.5) is 
N(G"  qnc") * 7.510

6 IBR(C~KpK~) J2

. (A2.8) 
I Coulomb 

If we assume that for the С(1480ГкртГ identification >10
2 

events should be detected, then the sensitivity of this experi

ment will correspond to the branching ratio ВШ(Г*ф1Гк410"
3

. 
It should be stressed that the observation of С(1480)~*<рпГ in 
the Coulomb production would allow one to unambiguously 
determine the partial branching ВШС(:480Гмргс~"], which ia qu
ite important for the interpretation of the nature of this 
hadron state 1271. 

The experiments on the hadron production by the s~ hyperon 
beam in the nucleus Coulomb field will also provide a solution 
for the problem of the existence of a narrow cryptoexotlc baryon 
2(3170) =(qqsss) with Г (2 ) <. 20 MeV observed in the reaction 
K"p > тГ2(3170)* in several decay channels 2(3170)+ *• 2KK + тт; 

ЛКК + птс; SK + Птс. The investigation of the mass spectrum for 
the final states on the coherent reactions of the type 

S"+ Pb * (ZKK + nic)~ + Pb U2.10) 
will allow one to search for 2(3170) baryons almost up to the 
cross sections o[E~+Pb*2(3170)~ +PblBR (all detectable channels) 
<10~

3 2 cm2

/nuclew$ 
Por the value of BR~0.1 the experiment sensitivity corres

ponds to the radiative width of Г Щ 3 1 7 0 Г * 2~7iM KeV. Aa it 
follows from VBH 142(3170) * 2~7l  [a/(^/it)](K /К )3

>Г 
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ВШ2~*<рЕ~]. ?ог Г,, ~2Q MeV BH(E""  (pZT)~G.03 correspond to the 
radiative width or 1 KeV. 

In a more accurately detectable reaction 
2Г + Pb * 2(3170)" + Fb (A2.11) 

| <P 
* <p2 

the sensitive of the experiment will correspond to 
BH!S(31T0)" * <p2"l > 0.07. 

The Coulomb production of particles may also be used for the 
search or exotic and cryptoexotic mesons or baryons with hidden 
charm, e.g., in the reaction 

тГ + (Z, A)  (Ccud) + (Z, A) (A2.12) 

(A2.T3) 

Coherent production of heavy states requires very high energies, 
which may be available at the UNK only. Let us consider aa an 
example reaction (A2.J3) under assumption, that for the 2 = 
=(ccdds) state the mass m(2)*5 GeV and Г(2 )~150 MeV. 

Then by analogy with (A2.5) using VTM one nay obtain the 
estimate 

П 2 ф  Гт> = ( а / ( ^ ) ] ( К 7 / К ф )
3

Г ( 2 ф  1 » <A2.I4) 

(for (g?/ic>=10, determined from the data on г (ф * е +

е")). 
In the same way as It was done earlier for (A2.4) and (A2.10) 

one can easily show that search for such 2(5000) baryona In 
reaction (A2.13) may be carried out with the sensitivity 

Uj iV ;e a 

S~ + (Z, A) - (ccdda)" + 

L * -

(Z, A) 
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Appendix 3 

SCIXTILLA7I№ FIBER VERTEX DETECTOR 

Within the framework or our project on the construction of 
the vertex detector with scintillating fibers (SCIFI) we have 
studied the capillaries with liquid scintillator. Single 
component scintillator with local light emission baaed on 
methyl naphthalene with the scintillation efficiency i .5 times 
higher than that of a standard polystyrene scintillator has 
been obtained. For the capillaries with the diameter of 3D ^m 
the attenuation length **50 cm (starting from the capillary 
length of about 20 cm). In the absence of the light attenuation 
~i photoelectron la produced from each capillary. A unique 
quantum sensitivity of the image intensifier (II) («0.5), large 
light yield, high light trapping efficiency (e«7*), good 
properties of glass cladding are among the advantages of the 
vertex detector. 

The design of SCIFI with the diameter сГ >25 \mi and ,v*5Q cm 
considerably widens the range of applicability or this 
technlque.lt allowed to construct precise track detectors up to 
1m or even a system of Ю20 cm coordinate planes going to one 
image intensifier. 

A possibility to use a number of SCIFI planes with the 
readout by several charge coupling devices (CCD) as a tracK 
system for the vertex detector is being considered. In this сазе 
three HSD planes (out of four) in each of the first six 
stations of the vertex detector (fig.17) are replaced by three 
SCIFI planes. The sizes of the planes and deflection angle 
w.r.t. relative to beam is the same аз for MSB. One HSD plane 
remains in front of each station to produce a trigger and Im
prove time resolution of the SCIFI system. Each Б О Ш plane Is 
made of capillaries with the diameter .75 ̂ , and the plane is 
1.5 mm thick along the beam. The light from the fibers is fed 
to three гезЛ oat systems, each containing three U s and one CCD 
(536x1088 cells with the dimensions 15x15 м л 2

) . Each Image In
tensifier with amplification on a microchannel plate (MCP) is 
controlled by an external triggering signal. The linage reduction 
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factor 1з K=2.5. N«10 photoelectrons are produced along the 
distance oT Z=20 era In the plane 1.5 mm thick. 

The coordinate resolution Is determined by the fiber diameter 
and the number of photoelectrons on the track and it is equal to 
а~5 pin. The twotrack resolution Is ~50 fim. 

Readout system. The delay in the image intenaiflers is ahout 
1GQ na, and the time of clearing the Image in COD ia V s . 
Therefore this device requires a trigger of th* first level 
(with the suppression of about 400 and the decision time oI 
too ns), which allows to start recording the information from 
the vertex detector into the CCD. With the trijger of the next 
level the images are transferred into the memory section during 
YO цэ and is sipped by compressing the lines in such a way 
that the plane would occupy one line in the CCB. In the memory 
section up to 30 events can be buffered. 

The resolution time is determined by the fluorescence decay 
time in first two lis U«80 ns), In which the optical signal is 
delayed until a fast trigger is produced and the control signal 
is fed to the HCP of the last II. The resolution tljne is «150 na 
at control signal duration ~80 ns. The MSD planes Improve the 
time resolution up to <iona. The optoelectronic delays which 
which allow one to obtain the time resolution <10 ns have 
already been created. 

The dead time (1ms) is equal to the time of the readout of an 
event when the frequency Is f=10 MHz. At present there exists a 
CCD with f>l00 MHz (the readout time ia<o.ims). 

The radiation resistance is determined by the type of the 
scintillator and is equal to «10 6 radf which Is much better than 
that of semiconducting detectors, which may be used in the 
vertex detectors. When necessary the liquid scintillator is 
easily replaced. 

The readout electronics of one CCD occupies <0.5 of the 
KAMAK (SUMCA) crate. All electronics for the fiber system 
occupies <1,5 of the crate. 

When the number of tracks in an event is n=25 the information 
volume from 18 planes is 1.5 kbytes. 

A considerably smaller amount of electronics, the price 
smaller by an order or magnitude and high radiation resistance 
are the advantages of the vertex detector with the scintillating 
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fibers аз compared with the HSD version. If it la realized, the 
number of the MSD registration channels may be greatly reduced 
(hy 3040»). 

Appendix k 

VERTEX DETECTOR WITH COD AND USD 

In this case the CCD is used aa a detector, directly 
detecting charged particles. The vertex detector scheme is 
presented in fig.27. The vertex detector consists of 24 planes 
of microstrip silicon detectors and 8 planes of matrices based 
on the COD : two Joint ODD per one plane (16 COD). The planes 
are alternated with the target matter. The matrices 458x580 
cells 20*20 цт г will he used аз ССБз. In a twosectioned CCD 
the information from the accumulation section, installed In the 
beam and detecting the events, is transferred in the memory 
section and then is read out step by step. The cross section 
dimensions or the vertex detector are 0.9я1.5ст

г [two 
accumulation sections of Joint CCDs). The total number of the 
working cells in CCD is 2 . Ы 0 6

. The silicon substrate is 300 \im 
thick. The CCD ceramic support is outside the target. The 
longitudinal dimension of VD is 10 cm (0.05 nuclear length 0.1 
radiative length). For our further calculation we chose the beam 
with the diameter of 5 mm and intensity 10 7

/э. 
Each CCD plane is followed by three planes of microstrip 

detectors with a 50100 \i.m step and characteristic dimensions 
2*2 ст г

, located at 90° and 45° respect each other. The strip 
detectors serve to work out a trigger, necessary for CCD 
control and additional coordinate indication as devices having 
better time resolution (10 ns). 

The resolution time is determined hy the differential 
smearing of the track at the moment of triggering signal arrival 
(until that moment CCD is switched off) and is equal to 40D ns 
(T=3Q0 K) or 100 ns (T=100 K ) . 

The dead time includes the time of transferring the 
information from the accumulation section to the memory section 
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Pig. 27, The layout of the vertex deteotor with charge aoupling 
devioee and. roiorostrip detectore: T - target, CCD -
ohargti coupling devioee, KSD - miorootrip detectors. 

Pig- 29. Blook-diagram for the readout eleotronias of the charge 
aoupling devioes: CG - control unit, VS - power supply, 
D - drivers, AMP - amplifier, AP - analog ргоаеввог, 
PADS - flash analog-digital converter, P - processor o£ 
baakground subtraction and preliminary processing, 
DAM - fast memory, oomp - computer. 



(50 цз) and. readout time from the memory section (12.5 ma at 
Г=Ю MHz). All GCDs are read ^ut In parallel. The CCD3 with 
*>Ю0 MHa are being design . ."• present, and correspondingly 
the dead time will be reduced Dy an order of magnitude. 

The maximum Intensity acceptable for CCD Is determined by 
the number of background particles during CCD sensitivity time. 
According to our estimates at the intensity of 107

/a and beam 
halo of 10% 3x3 ciu2 (05% per memory section) the number of the 
background cells will he <130Q «156 of the area). Without halo 
the number of background cells will be <500. 

The pulse height is equal to 3+510
3 electrons (potential 

wall 10 цП1, diffusion collection from the depth of 30*50 \w) and 
with account of the diffusion smearing it will be equal to 
1.5ID

3 per cell. The noise may be 50*200 electrons depending 
on the temperature and readout frequency. The signsltorolee 
ratio is T+30. 

The detection efficiency of single relativistic particle is 
«100*. 

The CCD allows one to measure two coordinates in one plane 
with an accuracy 0.1+6 pin depending on the width of the charge 
distribution over the cells and on the noises. With o1pJn and 8 
planes the vertex detector localises the track with 
a~a/8=0.4 И°. 

The resolution between the tracks ia <100jim without loss of 
accuracy. 

The radiation resistance is «310 5 rad, which corresponds to 
the integral flux of 1.1Ю 1 3 cm  2

. With the given geometry of 
the vertex detector this corresponds top 15 days of work at the 
flux of ~4>107

. Hence the problem of radiation resistance is 
connected with significant difficulties and should be studied 
more thoroughly. With an account of the CCD switch off up to the 
moment of the trigger arrival the radiation resistance might be 
improved by an order of magnitude. 

The electronics circuit for CCD is presented In fig.28. It 
consists of a clock pulse generator, fixing the CCD working 
mode, computercontrolled supplies, drivers to work out 
control pulses for CCD, amplifiers (K „200), analog processors 
to suppress the noises with the frequency less than the readout 
frequency {Ю MHa) and flash analogtodigital converters to 
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digitise the signals (S bits, 50 MHz), microprocessors for the 
pedestal level subtraction and selection of the useful clusters, 
fast memories to store the pedestal level (~130 Xbyte/CCD) and 
events («1 kbyte/event). The total amount of electronics for 
GCDs will occupy 5 crates. It will be possible to use special 
microprocessors for a Joint operation of the microstrip detec

tors and CCDs and track coordinate reconstruction in the 
vertex detector. 

Appendix 5 

GBKRAL BLOCK DIAGRAM 0? DATA ACQUISITION 

Main designations: 
YD  vertex detector; 
3SG - electromagnetic calorimeter; 
HC  hadronic calorimeter; 
RICH  Cerenkov ring linage detector; 
DC  minidrift champs; 
TBD  transition radiation detector; 
FTC  flash trigger counters; 
TI  1st level trigger system (over average < Е Д Т А В > ) ; 
T2  2nd level trigger system (energy deposition Jump ДЕ); 
T3  3d level trigger system (E r>£ r c u t ) I 
T44th level trigger system (determination number of tracKS 

and vertices In VD); 
IB  output buffers of data acquisition system; 
PEE  set of electron modules; 
HP  data readout and compressing processor; 
OB  output buffers of the low level of data acquisition 

system; 
EB  Event Builder; 
HEB  row data buffer; 
Pi universal processors for event processing and final 

decision; 
OEB  processed data buffer; 
EMPprocessor monitoring data flux and recording out the 

tape; 
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ТУЛ - tape recorder; 
^Hoat computer; 
pfiS-norKlng places for persormal; 
H-LAH - Hjperon local Area NewtworK. 

H.LM 

EMC 1ЫЫНЫ 
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Append!* 6 

COST OF THE UADi ИЩШКНТ FOR THE Ж Р И Ш Ш Ж 
ON THE ШК HYPERON BEill 

N Item Cost 
[mil. roubles) 

1. Traoking detectors (minidrift chambers; 
drift tubes ,35000 channele) 4-5 

2. Vertex detector (silicon miorostrip deteo-
sore, charge coupling devices, scintillating 
fibre) 4.г 

3. RICK Cerenkov counters (3) 3-9 
4, Scintillation hodoeoopes and detectors 1.1 

5. Oerenkov 7 deteotors of the GAMS type 
(~3000 channels) 4.5 

6. Scintillation calorimeters U 1 0 3 channels) 1.7 
7. Speotrometer magnetE 4-5 
a. Cryogenic equipment 0.9 
Э. Transition radiation deteotors 3.1 
10. Hetal structures, stands, шеавигегоеп! 

syn terns for magnetio fields, equipment for 
the control board and laboratories з.а 

11. Electronics (detection and data acquisition 
system) 6.3 

12. Computers and their applienoes з.о 
13. Other expenditures 4-7 
14. Total cost 45-2 mill. 

roub. 
(for 12 m l . 
roub. for 
0.0.) 

15. Extra hard currency expenditures 0.83 mil. 
hard roub. 
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On Sharing the Responsibilities Among the Participant 
(ШЕР, HEP, LHP, MPS HSU) 

Sharing responsibilities among the Institutions: 
1) ШЕР  main contribution to Items 2 (ODD, scintillation 

llbre); 3; 5; 12 participation In 1; 4; 10; 11. 
2) ITEP  main contribution to Items 6, T, 8 participation In 

1; 4; 5; 10; 11. 
3) ЫЯР  main contribution to 1, 2 (silicon detectors). 9; 

participation In 4; 10; 11. 
4) INPS HSU  participation in 1, 3, 4. 5, 10. 11. 
Approximate contribution of the Institutes to the construction 

ol the facility 
ШЕР ~ ЗОЛ; ITEP ~ Зга; ПНР 30%; MPS HSU ~ 10». 

This estimate is quite preliminary because of possible extension 
ol collaboration. 
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