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Abstrace

Jarkusha V.I. et al, Experimente on Hyperon Beam of UNK (Collabo-
ration INEP-ITEP-LINP-INPS MSU): IHFP Preprint 90-81. - Protvino,
1990. - p. 87, figs. 28, tables 17, refe.: 42.

The expermmtal program for the UNK hyperon beame iz conside-
red. It iz expeoted, V.hat a focuged "pure” I hy'pe*o'] beam with

22700 uev/c, mtenm‘.y \10 £ /g and >85% nf T hyperons may be
created in this maohine. The ma,gr.et‘.zed iron slueldmg will allcw
one to reduse the muon "halo” by 2 orders of magnitude. The
exparimente on the etudy of stmnge-uhax‘med and strange-beauty
baryons, search for exotio etales with sirangenese and charm and
ﬁm‘ploexctlc etirange hadrons with hidden oharm and beauty are
discuseed. The poeszibilities of the hyperon beam for thesz
prosessee are unique. Future studiee of hyperon form-factora and
structure functions of the proceeeee in the nuclear Coulomb rield,
rare decays of charmed and beauty particles, =-leptone and
hypercne are also congidered.

AMvoTaima
Tapxyma B.W. ¥ gp. Yececsegosamue H3 TRpepoHrod  nyyxke  YHK
(CoTpymuriectso MOB3-UTOR-JRO-MAG MIY}: Hpsmpmmr UORD S0-8I. -
fiporEsuc, 1990. - 87 c., 28 puc., I7 Tada., oudmorp.: 42.

PaccMoTpeHna mporp TOB Ha I'WT MX Tyvuxar YHK.
MMIAETCH, YTO HA STOM YCKAPUTEJe MOXET CHTD CO3AaH QOKYCApOBAHMUR
“9uCTUR" MYy4oK I ~TMEpOHOR ¢ sMIydecoM «2700 [sB/e, ¢ vHTEHCHBHO-
oten 10" I /cek, ¢ cofiepxammieM I -rimepoHon »35%. Mwomnoe “rano"”
OyeT CHUXEHO Ha 2 nopafka ¢ [TOMOLBO HaMarMiueHMoRt Xexwadolt saum-
™., O i BKCMIEDs N9 UCCASRCBAHMI CTRAHHO-CHAPORAHHUK i
CTDIHHO-MMENECTHUX GADUOHOE, MNOMCKM 9KIOTMUECKHX  COCTOMTM
CTPAHHOCTED 2 YAPMOM M KPWITOSKIOTUHECKIX CTPAMMNX 2APOHOE
CKPHTHM 93apPMOM WM NpeJecTho. BOIMONHOCTH [WIIEDOMHOTO MyyKa Ans
9TUI NPOUECCCH ARMANTCA YHIKA[bHNMU. PACOMOTRSHH TAKXS TEDCMIEKTMUBH
uceaegoramdt  GOPM-PAKTOPOR M CTPYXTYPHHX  (QyHKWm!  rHIIEPOHOE,
NIPOUECCOR B KYJNOHOBCKOM (IOfe AREP, PEOKMX Pachznos OWAPOBAHHNI H
NpeNeCTHHX YACTHN, T-RSMTOHOB U NWIIEDQHOR.

@ HHCTHTYT {u3ucH BHCOKHX 3Heprmi, I990.
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I. INTRODUCTION

A very high primary energy of the UNK proton beam allows ane
to produce high quality intense hyperon beam, whose  characte-
Tistics are very close to those of 2 usual Hhadron beams. At
the UNK energies the decay length for charged hyperons 13
about 50-100 m, Moreover in this case it becomes possible to
form a focused hyperon beam in the beam channel with magnetic
optlcs, =s well 83 10 construct a very reliable shielding,
designes for the operation with the ultlmate iIntenalty of the
proton besm (up to 3-10'* ppc). The shielding includes an active
guard system of magnetized iron slans, which greatly reduces the
muon background in the setup area. All these measures taken
together make 1t possible to realize the operationsl modes 1n
the range of 1p>0.9, Wwhere I(z7)>>I(="), which will be done for
the first time In experiments. Almost A pure =~ beam with
momentun of Po=2.7 TeV/c and intensity >0 297! may be ohtai-
ned at the UNK 3 TeV machine. These properties of the UNK hy-
peron bean are unigue.

The main trends in the research programm on the UNK hyperon
beam are cornected with the problems, for the study of which the
increage of the hyperon initisl energy and high quality of the
hyperon beam 8re of utmost importance. These problems are as
Icllows:

1. The spectroscopy of heavy strange-charmed and strange—
beauty baryons, measurement of the life time and investigation
of ihelr weak deceys. Hyperon beam experiments are greatly ad-
vantageous in thilg case as compared with other experiments as
far as the btaryon production crusg sections and background con-
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ditions are concerned. It is also worth stressing here that the
nhyperon beam 1s the most effectlve source for fragmentational
Dg and B mesons. _

2. Study of Bg-Bg oscillations and search for rare decsys of
B-mesons.

3. Search for heavy exotic amd cryptoexotic baryonlc and
mesonic atates with strange and charmed (beauty) quarks.

4, Study of rare weak decays of hyperons. The sensitivity in
these experirents will be 10713 for the decays 3™, 107" for the
decays =" and A , 8nd 10"B for the o~ decays.

5. Study of the small crogs section processes, for which high
energy and intensity of the URK hyperon team turns out to be
essential: muon pair production, investigation of the hyperon
structure functions and comparison with the corresponding
processes for nucleons; investigation of the =z~ hyperon
scattering on electrons and measurement of elastic and
tranaition formfasctors for ¥~ hyperons and z-z° vertex; Y' hype-
on reaonance production in the nucleus Coulomb field.

6. A standard  investigation program for hyperon strong
interacticns but 1n a new energy region (total cross section
measurements,study of elastic sgeattering, exclusive and
inclugive processes, polarization experiments with hyperons,
ete.).

All the experiments at +the UNK 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 i3 mlso assumed that some measurerents will be carTied out
in other bpeams which can be oxtracted with the mlda of the
hyperon magnetic channel onto the target of the experimentsl fa-
cility (r meson beam, proton besm). Such experiments, providing
very close conditions, allow one to compare the data on the pro-
duction of heavy particles and mion psirs with large masses by
different primary hadrons with minimal sysiematlc errors; te
compare their structure functions, formfactors and other cha-
racteristics. Besides the intense proton beam (10“—1012 PpE) in
the underground hall of the hyperon area will make 1t possible
0 carry out speclal experimenta on the stuwly of rare well
identified decays of Leavy particles (e.g., iwo particfl.e decays
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of B mesons), Preclge measurement technlque for ithe tracks to
have a very good mass resolutlon may be applied here. These
experiments may play an Important role in the search of
CP-invariance nonconcervation effects in B decays, or forbidden
decsys with leptonic mumber nonconservation (BY, D% e, =
s34, etc.) or the decays caused by FONC interactions (B°, p°%
p.+p._). The main trends in the proposed program were discussed
by us many times in s mumber of the reports at the Workshops
on the TNK experimental program, at the XXXII Session of the
Scientific-Coordinating Council of IHEP and other meetings
(oee, e.g, [1]). .

The leading role in thls program seems to belong to the ex-
periments on heavy gquark physics, which will ensble a declsive
check of the standard model, the study of hadron structure and
of the properties of exotlic states with beautles, charmed and
strange quarks. Besides we will be mble to carry out a search
for low energy manifestations of new fundamental Interactions.
Many of these pessibilities are unique. Let us now proceed to a
detailed presentation of  some aspects of the project and to
consideration of pecullarities of some exXperiments In the UNK
hyperon besm.

2. UNK HYPERON BEAM [2)

The gcheme of the UNK hyperon beam, which includes a system
of particle quadrupole focusing and active muon shielding, 1s
presented in Fig.1. The first set of four radiatlon-resistive
magnets Mi-M4 with =n aperture layed with tungsten, allows to
separate ihe formed =~ hyperon beam from the proton beam which
did not interact in the target. The latter one 1s dumped then in
3 specisl absorher, insialled right after the first set of the
magriets. Depending on the operationel mode the space
resolution of the secondary particle heam and of the proton heam
on the front edge oI the absorher 1s 30-40 mm. The second set of
the magnets ¥5-MB makes the bending angle of the hyperon beam
4.8 mrad, which enambles further purification of the formed
=" hyperon beam. The collimator (2 determined the angle of
capturing the secondary particles into the heam channel. A



doublet of 3C quadrupole lenses Q1-Q6 realizes the focusing of
the beam onto the target of the experimentsl facility. And the
last get of two magnets M9 and N10 together with the collimator
(3 provides the purification of the formed z~ hyperon beam remo-
ving neuirons and « mesons, produced in the ¥~ hyperon decay in
the beam straightiine section. The main parameters of the hypu—
ron beam are presented in Table 1.

Table J. The Wain Parameters of the Hyperon Beam.

Beam line length 100m
Tetal defleotion angle 9.6 mrad
for N1-MA pet inoluding 4.8 mrad
Maximum momentum 3000 GeV/o
Herdizontal angular acseptanoce 0.3 mrad
Vertical angular ageeptance 0.7 mrad
Seleoted momentum bite (PWEN) 20 %

Secondary particle fluxes at the end of the hyperon beam
channel were cslculated with the dats borrowed Irom ref.(3].
They are presented in f1g.2 and Tables II and III.

Table II. 5 -hyperon beam characteristios.

By “Pg’s Tap? gt Iy Eﬂt‘ewﬂg?t‘g'n 'izngz it
GeV/o ceVso | % mm mn  |per inoident mtg‘;‘:" ¥

I proton

. 2100 2062 6.7 4.1 2.5 5.0:107% 3.3
2400 2347 6.4 3.9 2.4 4.1.1072 1.2
2700 2608 5.9 3.3 2.4 2.5.107% 0.32
2850 2706 4.9 2.2 2.6 1.6:1072 0.14

i 3000 | 2789 3.9 1.4 2.7 8.0.1078 0.056

Note: Here po—mumentum, corresponding to the optical beam axis,
<py> average mamentum of L~ beam at the end of the beam
line.
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Pig. 1. Hyperon beam layout: T - target; M1-M4 - radiation re-
sistant magnets; N5-MB - magnets; W9, H10 ~ supercon—
dueting magnets; Q1-g6 ~ SC quadrupole lenses; C1-C3 -
oollimators; DUMP - absorber to dump protons not inte-
racting in the target; S1, 52 - magnet spoilers.

Fig. 2. Seoondary partiole flux
at the end of the hyperon
beam (for Be t
500 mm thiok}.

1500 2100 2700
R, GeV/e



As 1s seen, at x20.9 and the intensity of the incident proton
beam onto the target 10'2 pps one may obtain almost pure =~ hy-
peron beam With 1Inlensity of 1a” pps. WNeutron and = meson
background from the =~ hyperon decsy 18 12 and 4%, respectively.

The calculations made with the MARS1O program show that soft
hadronic background from the cascade processes In the collimator
1s not more than 5% from tie %~ hyperon beem intensity. Since
the collimator 03 is the main source of this background, its
bssic parameters (length, aperture, materisl) should thoroughly
be optimized.

To measure particle momentum in the Iormed beam one may use &
spectrometer based on the magnets K9, N10. Futting 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 = 1%¥1th the
detector Tesolution spatial ay = 0.15 ma*),

The scheme of the hyperon beam channel was worked out with
emplogment of the magnet elements, sssigned for other UNK
beam chammels. The main parameters of the magnet elements used
in the hyperon beam, are presented in Table IV.

P

Table III. F!.ux of Hyperone of different ‘ypes at the beam

line end.
p>, Nz, LISHS N(=T), N@),
gev/e x s”! g™’ Eal s’
2700 | 0.90 107 .10 3.10% 3.10
2250 | G.75 4.108 102 1105 [1.4107
1500 | 0.50 440°%  |1.5.102 3.5-10* 3.10

Note: Hyperon intensity is given under condition, that total
number of partiolee in the beam 10" ppB; x=<p>/3 TeV/o.

')Hod.uacopes with sointillating fiber may be used for this
purpose {Bee Chapter V).
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Table IV. The Basio Magnetio Elements Used in the Hyperon
Beam Charmel.

. Tield
(Kgauss); th  [Transvereel pert
Zquipment unit tield gra- | in Iron ensionsy Aperture
dient )y {Im {ren (om)
(Rgauss)
Bending magnet
radiation resistive 20 3.0 120%T74 3074
Bending magnet 20 3.0 120%T74 30x4
SC bending magnet 40 &.0 @ 40 g7
8c quadrupole lens 9 3.0 @ 40 a7

The decay of =, K mesons from hadronic cascades produced in
the target and beam channel elements is the main muon source in
the hyperon beam channel. The forming of the muonic field 1s
practically accomplished at the exit of the main set of magnet
Mi-N8, considerable Influence on 1ts characteristics being ex-
ercised by the magnetic field not only in the magnet gap but in
their yoke.

The integral muon flux onto the experimental arez 1s equal
to 3.0-1073 w/proton, which 1s 1+2 times higher than the x°
hyperon beam intensity.

As 1t follows Ifrom the calculatlons and estimates (2] an
efficient and compsct active shlelding against muons in the
hyperon beam charmel may be provided i1f muons are deflected
vertically. Nsgnetic spollere with flat current, whose
transverse horizontal field with the magnetic inductance of
apout 1.5 T1, are to be used for this purpose.

An optimized system of two magnetiic spoilers with oppositely
directed currents (fig.1) reduces the Integral muonic flux onto
the experimental narea 85 times and tmws lowering the relative
muon background N /N, down to <3%. The first spoiler 0.6x0.4x4n”
guppresses the source of positive background muons, deflecting
them from the widitle beam channel plane, the second spoiler
1.6x0.4x12 w3, suppresses the source of negative background
tuons. The distance of 30 m between the spoiler centres turns
out to be sufficlent to avoide the capturing of the positive
muons deflected by the first spoller, in the second one.



3. EIPERTMENTAL PACILITY FOR HYPERON TNVESTIGATIONS

3.1. General structure of the setup

The experimental facllity for the Investigations to be
carried out in the UNK hyperon beam should be multipurpose so as
to be capsble to deal with a wide program spoken about 1a the
Introduction. ALl these Impose quite stringent and sometimes
even contradictory requirements on 1ts clisrasteristics. The get-
up should have large acceptance which would allow for tae detec-
tion of heevy particle productlon in the regicn orf O<x,<i inclu-
ding processes of assoclative productlon, which 1s very impor-
tant for tagging B°- and D°-mesons with definite heavy quark
flavors. \he gecuracy of messuring the angles and momenta
shcald be such as to provide the selectlon of processes with
vary small momentum transfer (}ti}<Q.001 (Gev/c)® whieh 19 ne-
cessary for *he investigation of the reactions in the nucleus
Uoulomb field. Simultmneous detection and reliable identificati-
on 0f both charged and neutrsl secondarles (e.g., ="-2y; w271}
Aspr, K:4n+w—, etc.) are required. Ultimate accuracy for the
effective maas measurements 1o important for the ldentificatlon
of heavy flavor hedronic decay channels. To study leptonlc and
semileptonic decays of heavy quarks we are to detect
2iectrons and muons. The faeility should also include a sophis-
tilcated vertex delector to single out the cascade decays of

short-lived particles and to investigate the B°==B® or D°=D°
osclllations. The vertex detactor will also  be used to produce
triggering signels to select the events with beauty and charmed
particles. In this case cne should solve the problems confected
with the acquistion &ndé processing of e large amennt af informs-
ticn and with a reliablz gelection of rare processes. In some
cagses when choosing the sizes of the gsetup one should
foreseen 1tg capability to ldentify seccndary hyperons decays,
wnich may have very large decay paths {e.g., for a-hyperons with
the momentum 1.5 TeV/c the decay lengtn 13 106 m).

As has already been noted, scme of these requirements are
quite rentradictory. Therefore it 13 of vital importance that
the setup wshould conslst ot midules and be ensily recombined
for the utudy of different problems. In particular, for a
rumber of experiments the faclility may greatly be simplified.

10



The general layout of the experimental setup for  the
investigations in the UNK hyperon beam is presented in 11g.3.
The setup ccnsigts of the following main elements:

4. hyperon beem identification system;

2. actlive target and vertex detector;

3. vertex magnetic spectrometer M1 to detect secondaries with
intermediate momenta (with minidrift chambers and seintillation
hodoscopes);

4. magnetic spectrometer M2 to detsot fast secondaries (with
track detectors and hodoscopes);

5. magnetic spectirometer M3 for the experiments in the reglon
of large X ;

€. differential multichannel gas Cerenkov RICE counters of
three types for secondary =, K, p ldentification inm the mo-
mentun range of 3.5-35 GeVsy 20-100 GeV; 50-240 GeVy

7. transition radiation detectors (TRD} for K, p identifica-
tion at momenta »150 GeV/c and to single out electrons;

8. gystem of drift tubes and chambers for a decay detection;

9. hodoscope &lectromagnet celorimeters fo: photon detectlon;

10. hadron seintillation calorimeters;

11. muon detector;

12. front-end electronics, a system to produce & preliminary
trigger, data acquisition system and processors to work out high
level triggering signals;

13. computers for on-line analysis.

Table V presenis the sizes of different detectors and the
number of channels 1n the facllity. These parameters were
determined when sSimulating some characterlstic 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 qusrks

The RSIMUL program, which could simulite particle production,
thelr decays, particle flight through the spectrometer with an
account of multiple scattering, reconstruct particle trajectory,
vertex coordinates apd effective masses, was used Ifor
preliminary calculations of the Ifacility characteristies. To
choose the geomeirical parameters for the setup to be used in

II
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Fig. 3. Experimental faoility for hyperon studies. a) Speotrome-
ter for heauty and oharmed hadron deteotion. b) General
layout of the facility: SS5D - miorostrip detector;
RICA1-3 - dlr'erentxal Cerenkov speotrometer=z; DO1-DCE -
minidrift chambers; TRD1-TRD4 - transition radiation de-
teotora; M1-¥3 - magnets; EC1-EC3 - eleotromagnetio oa-
tor%met:re; HC1-HC3 - hadron oalorimeters; p - muon de—

EeoLor.



Table ¥. Charaoteristios of Main Deteotors in tne Faoility

Dimen- Namier TRmbaT
sions | ¥, | Step o of
x (om Rplanss ohannsis
1. Beam miorostrip X
deteator S8D-1 1.5-|¢.0025 6 1536
2. Vertex deteotori880-2 [1.5-4.5| -4.5 48 30000 (20000}
3. Drif; 201 200 100 | 0.4 32 12000
ochambers 02 200 150 0.8 32 7000
DO3 200 150 0.9 32 7000
bc4 300 200 §0.8-1.0, a2 10000-8000
Total [79EO00
4. Eleotromagnetic|ECT 220 180 5x5 1200
calorimeters BC2 300 200 (18‘?0) 2400 {1800)
«
Total 3600
5. Hadron calori- [HO1 220 180 | 10x10 300
neters HC2 300 200 } 1010 600
Total 500
6. Cherenkov ring RI(:];H';2 1%
§ RIC 5
iusgs cetectors)| RI0H? 2000
7. Transition ra- TR 2 2 0.050 |20 modulsn 1600
diation de- 'TRO2 200 150 0.2 5 modulas| 6000
teotare ‘TRO3 200 1 a.3 5 madules| 6000
TRO4 J00 0.3 {10 moduleal 17000
e w1

the study of baryon epsctroscopy and heavy particle physics we
took, as = typlcal example, 1ncluslve productio: of
Strange-beauty baryons
I+Eaz 4K
for which the following cross section dependence takes place
Ed%o/dp® = const exp(-fpf) (1 - x,)" M
Here p, 19 the trensverse momentum, e=0.15 (Gev/e)® (so that
¥<p®>=2.5 GeV/c, in accordsnce with QCD caleulations at Pr<
<4 GeV/c),

In some part of celculations we took inio account mssocimtive
production of heavy particles. It was done as fullows:

I3



a) assoclative B-meson production wae gemerated so that the
distribution of the totsl transverse momentum of b particles hed
the form exp(-apl), where a=0.3 (GeV/c)?, and the distribution
of the rapldity diffarences Ior two B particles was Gausgian
with the disperaion equsl to 1;

b) in the event under inventigation  other associative
particles were produced in owmler to calculate the particle
density in the detectors. Fer this purpose wa simulated the
production of secandary particles by pions with momentum egual
to the difference of the primary beam particle momentum and that
of two B particles, JETSET (Lund) program teing used in this
gimulation.

Appociative production of besuty particlss was also modelated
with the help of tha ISAJET program.

The =, baryon dacays were generated in accordance with the
phese volume, in this three nonleptonic dscay chennels conve-
nient for detection, were considered. Thelr relative dscay pre-
babilitles were estimated in Accordance with (4] (see Teble VI)

Decay (2) and (4) contain strange hyperons with mean 1ife
(1.5-2.5):107'° sec. Their decay paths are pressnted in fig.4
with account of the relativistic fa>tors.

Decay (4) goes on with the protuction of charmed baryon
8}(2560), a "symmetric" partner of =. The value for the mass
splitting of these two states 1s not kmomn at present. At
the chosen value of ine wass splitting the dominating cre is the
5} (2560)-5! (2460)+y rediative decay.

Since the =~ trajectory may be reconstructed, ali the secon-
dary particles will be related to the corresponding decay verti-
ces for 25 and z;. The possibility to detect the descay charmels
of besuty and charmed particles with the neutrsl particle emis-
sion 1s not so obvious since one has to determine here what ver-
tez the neutral particle belongs to. In this case everything
will ve determined vy the combinatorial background. It seems to
be large enough for »° mesons. However for A hypsrons the situa-
tion should be favorable (as 1t follows Irom already available
experiments).

Pig.5 presenta the dependence of the efficiency for all the
particles from decay (2) to ocour In the angular acceptance of
the setup (in one projection). Three curves correspond to toree

14
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values of the Feynman variable Xy for 35. Quite similar results

are ottained for procees

(3). The angular aperture of the set-

up 1s chosen to be v=:75 mrad to provide the E.b—-baryon detection
almcst up to 2,=0 with an efflciency ==B0%.

Table VI. The decaye of sirange-beauty E; baryons

Deocay type

Mean Iife (sec)

E0Y
probability

= - glessos (@)
L e

%™

107"

0.9-107'¢

2%
7.5%
100%

pr” 64%

1073 (total
probability)

10712 0.5%
0.15.107 12 %

0.35.1072 (total
probability)

2 -+ s(es60)iwm  (4) 10712 2%

o o2t 100%
0.9.10712 7.5%
Iy 100%
L pr 64%
103 (total pro-
bality)

> AR 3)

The setup was sumulated at different values for the magnetilc
field integrals In megnets M1 and M? and 13 1ts diiferent
configurations, which were determined by the distances betwsen
the magnets centers vnd dimens:cns of the main detecior. Basing
on the results of thsse calculstions we have chosen the
configuration of the facility presented in fig.3 and in Table V.

The decay length charmed apd besuty particles make up from
some fractions of & centimeter up to tens of centlmeters
{fig.6). With the target 8bout 5 mm thick a considersble
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fractivn of the decays will occur outside the target. The length
of the area for the vertex reconstruction with the aid of the
vertex detector should be not less than 5-10 cm. The length
Tor the strange hyperon decay reconstruction (=, A) should be
not less than 15 m (and in & mmber of erperiments not less
than 30-50 m).

The multiplicity of the secondary charged particles in the
events witn the production snd decay of particles with b qu-
arks varies from 14 up to 35, the mean multiplielty 1s ambout 22
(f1g.7). A very high resolution between the tralectories is re-
quired because of a high angular demsity of gecondary par-
ticles (fig.8). When calculating the .esolution of the spectro-
meter In momentum and effective mass we assumed that gas coor-
dinate track detectors spatial resolution 13 150 um (DCt),
200 pm (DC2, DC3) and <300 pm (DO4) and energy resolution for

the hadron calorimeters 1s AE/E =100% [GeV}. The gaps
between the detectors in the setup are to be filled with helium
bags whose myler walls are 100 pm  thick. The total amount of
the matter in the setup makes up tc 15% from the nucleer
interaction length and about 50% of radiation length.

The reconstructlon of the similated events includes:

1. the reconstructlon of th> charged particle trajectories by
the glven "hits" of the coordinate detectors;

2. the determination of the particle momentum and emergy;
having several measurements (2 magnets, calorimeter) we averaged
the result with an account of the relevant errors,

3. step-by-step reconstruction of secondary vertices and
the trajectories of the particles produced in these vertices.

In the effeciive mass calcalationa the particles emltted 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 &ll
gsecondaries was required for the determination of the effective
mass. In the case one of the particles was missed, one had to
reconstruet  the momentum  vector of this particle. This
requirement is rather important for the reconstruciion of the
2 »an decays. If only = and » momenta are measured in the
decay rTange, then Dy assigning the mass of A to the missed
particle, one can Treccnstruct the effective mass of the

il
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candidate for = . The background events of a eimilar
configuration = sns correspond to the effective mass of the
“candidate for =", which 15 by 50 MeV higher than the true one.
Hence for the reliable reconstruction of 2~ the setup should
have the =~ mass resolution in the events with a missed A
not worse than 10-15 NeV, which indeed can be realized.

The particle which maneged to decay, were coneidersd to be
detected, 1f one could reconstruct thelr effective masses within
certaln 1imits w.r.t. their true mass values:

am(zp) = 50 MeV, am(z;)= 60 MeV; am(z") = 20 NeV; am(A®)=
= x20 NeVv.

Three classes of the events mere treated:

a) both effective masses of =~ and A could be not reconst-
ructed;

b) = hyperon effective mAss was reconstructed, but that of A
hyperon could be not;

c) both effective masses muat be deterwined.

The detection efficiency of a; focr two decay chamels (2)
and (3) are presented in fig.9. The efficiencles for the events
of classes a)-c) Aare presented separately for decky (2).
Consequently the efficlency 1s more than 40% for decay (2) and
more than 80% for decay {(3) at x>0,

The efficlency of reconstruction of radiative decay (4) with
soft photon (<E7>~5 Ge¥ at Xp(e;)e0) 18 «305.

The effect’ve mass resolution for E{, (fig.10) 1s within the
limits 12-30 MeV for decay (2) and 10-20 MeV for decay (3). Cou-
lomb geattering 1s important in mass resolution calculetions.

4 . RESRARCH PROGRAM

4.1, Study of Heavy Quarit Phyaice

Up 1o now the principal inveatigetions of the properties of
the particies with heavy gquarks, and first of all, the studies
of B meson weak decays, Were mainly carrled out at the e‘e” sto-
Trage rings. These experiments provide favorable background
conditions, caused by an considerable contribuiion to beavy fla-
vore production mechaniem made by some vector mesonic states
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with hidden charm or beaucy, which are well prodm:ed in e*e -
20llisions (e'e “»G(3770)»DD and e »T(45)+EE). Intereating pos-
albilities &rise also here in the Z boson resonance production
on the LFP and SLC machines. At present e'e” beam experiments
the sensitivity corresponds to the production of several
hundreds of thousands of B mesons, D mesons and <« leptons. The
projects for the b and o-t+ factorles are in progress now,
which will allow one to inecrease the Iuminogity at least by an
order of megnitude.

Table VII VII Comparison of B-meson yields at different
aocelerators.

Aocelerator; |vB,

inosi o(bb), |o(bb %
experiment GeV Luminosity | "7 N(bd) N

)

'e*e‘fvgﬁ)asﬁ 10.6]10%3 en2 5 1 0.25 | 107 |4-107
5]

)

wpiete 425 8F 92 10 om? o077 5 0.15 | 6:10%[3.10°

*)gcp, Tevatron [1800[10%' om™2 o~'|a5.107 | 1072 | 4.10°
{61
N 6 -1
E-7't7 Tevatron, 10% 8 -7 xa®
fiz. target (71]%° |interactione | 20 510 ) 4:10

*)ss¢ proton beam 200 1a’ ¢!

3 o )
experiment [8) interaotions [2-5107[2:10 2:10

"
UMK hyperon ex-|g, f10f 57 300 |7.107% 4107} §.107
periment < interactions

Notem: 7. The expeated rate of the N(DB) events per 100 days of
the accelerator operation is glven.
2. In the fixed target erpermentu it was assumed that

for the nuolei a(rn,/atotw,\ 'snj (for Si), It has been

taken into account in the estimates of N{bb).

3. The UNK duty factorie 30 %.

4. (*) implies that th'e is projeot.

5. The experiment on the SSC proton beam foresees ihe
extmution of the proton beam with an intensity up to

p/B using a vent oryatal.
6. (“) "o-1" factoriee.
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On the other hand, the experiments on the studying heavy
particles in hadronic beams (fized target experiments} are
tzeoming more and meore important. The projects of B-decay gstudi-
es using hadron colliders are also hbeing prepared. Table VI
presents the expected ylelds for charmed an¢ beauty parilcles
for different types of the machines.

This Table allows cne to make the following concluaions:

1. At present one cannot unambiguously point out the most
promising ways for the development of B meson phygics (see the
discussion in [91). However 1t seems that the experiments at the
SS¢ proton beam and at the hadron colllders are the most Sui-
table ones for the search of CP violation effects in the B de-
cays, which require luminosity corresponding to >10% BB pair
production. Under the UNK conditions the experiments in the
intense proton besm (>10'' ppe) with specisiized facillties,
whish are capable to 3Jelect definite rare decay chammels of
B meaons I1n a  comparably narrow range of the phese space,
may be quite competitive.

Large CP-violation effects may be expected in such decays.
For instance, we are now clarifying possibilities of measuring
the asymetry in ['(8 »pp~") and T(E'sppe*), T(B” -~ Ko ) and

_ [

r(B*sK"p) , T'(B°K ') and T'(B°-K'~ ) and for some Other rare

Lk
decay channels when normelizing them over main deeays of,
the type B™ » D% and B*»(D°)x*, for which the asymmetry sho-

K nt Kn”

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

BR(B™-Ppx"} BR(B*ppr")

[ - — ] ete.).
BR(B™~ D°=~K n*=")  BR(B*D%x"-K*x'n")

Such experiments may be carried out in the underground hall for
the hyperon beam where one can perform investigations
with high Intensity protons using specimlized facilitles with
precise measurement of the effective masses of the fingl States
{e.g., as 1t was done in ref. (103, where the accuracy of am/m =

22
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= Q.0017 was obtalned, and this accuracy can be 1Increased se-
veral times).

2.The experiments with D and B mesons and searches for
CP~invariance violation may be carried out at the accelerators
of differsnt types, however hadron beams have very great
advantages in the search and study cf 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 reslize
the conditions necessary for the selection of compliceted
cascade processes, required for the search of baryon states with
neavy quarks and for a thuroughly study of the characteristics
of thelr weak decays. Hadronic accelerators of the UNK type
may be extremely useful for such experiments. In particular,
the UNK hyperon beam opens new possibilities for the experiments
with strange-beauty and strange-charmed baryons {Qsq and Qas;
Q=c;b) which up to now have not practicslly been investigated.

The results of two experiments where 3: baryon was obsarved
may be a good evidence in favor of the advantages of the hyperon
beams 83 Tar as the study of baryonic (Qsq) states 1= concerncd.

a) WA-62 experiment ( GERN 3z~ beam, F=135 GeV¥sc (111)

o(z7+Be -+ =} +1)| « BRIz} + AR w'xt] = (5.3 ¢ 2.0) pbr/Be,
0.6

+0.7 _
(aN/ax Ap2) = constexpl-bpl){1-x )™ ; b = 1.1 , {GeV/0) ™%
n=1.71207.
b) E400 experiment (FNAL neutron beam, <E> 600 GeV [121)

on + N+ =4 %)) . BRIZY » AR 7w 4 SRR =
e 0cx,<0.8 e

+4.541.
= [7'5—3.6—1.9 nb/nucleon,

(dN/dx dpd) = const(! - x,)%exp(-tp2); b = 0.9720.21 (GeV/e)™%;
n= 47 £ 2.3 (for 0.15 ¢ X, < 0.6); o  AD-%020+13,
The comparison of these erxperiments whose resulis differ at

least seversl times (or even ten times) when extrupolated over

3



the whole range =f x,, show that in the hyperon sxperlments
production processes T oz atrange-charmed barycng wmay be
characterized by considerably Iarger crogs sections or by a more
smocth X, distribution contrary tc the NN collisicns. Thege
1dess have theoreticslly been grounded in ref. {13].

Por x,>0.5-0.6 there are more pura conditions for the search
of new baryon states a3 compared with central production
processes. All these make us ‘tidnk that the hyperon ex-
periments open umique possibilities in the search and atudy of
baryon states with heavy and strange quarks. Th2se pogai-
billities =are Dherond any competition with experiments at
other types of accelerators and beams.

Though 1t would be mueh more ea gler to construct =
spectrometer working in the region of large x, {just beceuse of
gmaller sizes of the detectors), however we plen tn have a set-
up, which would allow us to carry out investigations in a wide
range of O<xp<1, apd consequently @e will sble to considersbly
enrich our experimental program.

let us enumerate now the main directions 1in the heevy
particle phyaics to be realized with the UNK hyperon bean.

4.1.1. Spectroacopy of Strange-Beauty and Strange-Charmed
Baryons.
a) Search and study for baryons of the (Qsq) type with
strange and heavy quarks and thelr exclted states

o
! = (use)t; = = (dacli @ = (ssel; 6l = (sco)’.

)

20 = (usb)®; = = (dsb)7; O = (sebf; G2, = cscb)’

h) Study of complicated cascade decays of these bvaryons,
acqulring detalled information about concrete exclusive decay
channels and their characteristics (decsy probability, ssymuetry
parameters, ete.). It i required 0 reconstruct a number of
cascede decay vertlces in these experiments.

c) Precise measurementa of the lifetime of charmed and besuty
hadrons.

d) Determination of the matrix elements for K.M. matrix. Note,
that because of the difficulties in thecoetical description orf
the decay proucesses (devlations from the apectator model) one
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needs for the definivion a wide set of experimental date on
baryon and meson decays.

Table VIII presents the data, which allow one to estimate the
capabllity of the Proposed experimental program to obhserve a
mmber of new SLrang and strange-beauty baryons and to
gtudy their wesk leptonic and nonleptonic decays. As 1t follows
from the Table one cAn obtaln an extremely detalled informaiion
apbout many processes. For instance, one can study weak  cascade
gecays (2) and (2). Table VI by detecting (142).10° completely
identiiied events of (2) and (350-T00) events of (3). It will
rlso be popsible to detect a number of other nonleptonic decay
channels and to obtain data on leptonic decays

20 5(2464:7)‘;13'17e (5)
L £t
L APr”
L. pr

(BRA1.5:10-3, N.3.103 events)
or

Q- e, {6)

L an'; n-1=+w+-n:“; et
tay
Lo pr™

(BR-3:107%, N.5.102 events).
We can easily go on with this 11st using 7Table VIII and
estimates for branching of separate channels from ref. (41.

It is of interest to lock for excited states of charmed--
strange, and, maybe, besuty-strange baryon; which may decay
with  further emlssion of « mesons or photons. To improve
the background conditions one should cerry out these experiments
in the region of XP > 0.5.

A possibility to observe radistive decays of strange-charmed
exclted saryons produced in the cascade decays of heavier beauty
varyons  (see{4)) was also comsidered. Becsuse of kinematic
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conatraint more pure background conditions for the we-
arch of  radistive decays may be realized. The calculations,
which teke into sccount the detection of photons from radistive
gdecays Sc(2560>-3c(2460)+1 in the electromegnetic calorimeters
of the facility, made 1t clear that 500-1000 events of decay
(4) might be detected 1n the experiment 1if allowed by the
background conditions.

It goes without saying that slongside with all these data we
shall obtain rich statistics for the study of heavy hadrons hot
containing strange quarks.

pabla YIII. Statistios for the events with charmed and beauty

partioles.
N, [
Cro8 ‘nonlep. par lop. per
Process ? 820800 | aeRy, (G0 ashaTer | BRloru| 1007 dpe of
o(Xp>0) (om") measurements meagurenent
3 < 5
5N - 084X (142)+10728 #5010
TN s (00w | (115),10789  lo.05:0.10 | 3.1074107 | 0.0 108
{804)%%
4 N~ (mo0)5+x] (142)-10°20  |p.15+0.20 | 10742107 | p.08 5.10%07
TN =+ (800) 4% 10724 10" | L0.02 102410° .0.02 07 410?
o ~ T T
£+ o bbeX (3:5)-1072* 2.10"34.10
TN+ (bEu)Pax a0 \ .
- »10” w0 ~10° ~0.D15% ~310
- wsdyax | #3119 0,005 )
£74E » (bme) 4X [ 31077 ~0.0 ERT .0.02 R
LT+ = (boe)%+X | 4301078 ~0.01 A0
5+ = BO4X 610732 ~0.01 4104 ~0.015 6.10%
“ a
TN . DX ! .
° 2.555):10729 002:001| 51072347
<
x
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Notes:

1.

The data on the gproduction orues Beotions for heavy
partioles are rather ambiguous, and the relevant
theoretioal estimates admit oonsiderable arbitrariness.
The valuea for = +N-+ oa+X we used, are several times
lower than those whioh oan be obiained from the data
extmpolatmn 111] and are about an order of magnitude
larger that the theoretical estimates of ref.[14l. The
ratio o(ZN = bb + X)/o(ZN + o8 + X)w3:1077 and the
ratio§ between produotion OTOBS nections for
different types of heavy hadrona [14) were_used alon
Bide with the ratio o(ZN -+ (Boo) + X1/c[% K~ (Bou)+X]~
~10"9-1075 . The 1ast ratio mas obiained in the model of
independenti production of two o-guarks (in ref.[15)
this Tatio i estimated as 107%). It should be noted,

that ref.(13] gives a consideratly larger oross seati-
on for (bsu) baryon produstions, ae compared with that
in the Table.

It ie aesumed that I(Z )e(1-2).107 = /B, and the 51
target is (1/10)+(1/20) of the interaction length,

i.e., we have ‘106 Z°N interactions/s. The applioation

of the o{bb, co)wA dependenoe inoreases the statistios
for the Si target three times (this value was taken
into aocount in oaloulating the number of events).

The average effioiency of deteoting heavy partiole
deoays is e~0.25 (which has also been taken into acoo-
unt in the oaloulations).

(zzBR)h ia the total probability for all nonleptonioc

decays of a relavant heavy state into oharged partic-
les and A® hyperons only. (ZBR) e is the total proba-
bility for 1eptomc deoayu of heavy partioles
Rd[x(h")e‘;e + X(h*) v}x] with completely identified
hadronio states deoaying into oharged particles on-
1y. (zBE)h and (ZBR) .. have been determined from
theoretioal estimztes [4].

(acu!i.":. eto., are strange-oharmed and strange-bea-

uty baryons; B;:(ES).
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4.1.2. Stody ¢f the Mixing Effects in the Syptem of Neutral
B Wesons™’
Let us consider In more detail the search for spatlal B°-B°
oscillations, B mesons are produced In the reaction

(b-baryon) + X
);+N B+ {82+ x . 1)
B +X

Tne time dependence of the number of By meson decays has the
form
N () = [NBO(U}/Z]exp(-tlc)u + €03(xg t/e)l. 8)

BS 8

Here = I8 the life-time af By (in the rest frame), g, =amt -
oscillation parameter. In the framework of the Standard Nodel
using the data on B3-EJ-mixing one obtain the prediction

Ve Vegtag ™ 15. (9

Whereof 1t follows that the value for the parameter of Iintegral
mixing of Bg-mesnns T, 13 expected to be close to unit

=G/ G5 + 2) » 0.99. (10)

Therefore one wWill not be able to determinz y, With a reasonable
accurscy when measuring Iintegral mixing. Direct experiments on
observing spatial oscillations Are required for 1 Deasurements.
For ihis purpose one should measure the tire-or-flight
distrﬂmﬁons for B" and momenta of these partlcles (to identify
B aml to detemme time in B° rest frame) and tag initial

sa(bs) by thelr {flavor. The tagging can be reallized by the
charge sign of the associative b-particle or by the charge sign
of a lepton In the assoclative particle decay. To measure the Bg
meson momentum one should single out its fully reconstruc-
table modes (see Table VIII). As 1t follaoms from the tagging ef-
ficlency estimates, 1t 19 =(iag)~e (assoclative particle)-BR
(assoclative pariicle) «0.20.0.5+0.1. Therefore the total ata-

-
For dlsoumsion of mixing and CP violation in B-meson deoays
see e.g., [9,16-20).
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tistlcs for such tagged one reconstructed Bg decays will make up
5 10% per 100 days of the accelerstor operation, which 1s qulte
gurrficient for spatial oscillations messurements. The accuracy
1n measuring the life-time in B rest frame 1s mainly determined
by the accuracy 1n messuring the decay path 1n the
vertex detector. It 18 expected that m.(Bg) = 0.5.107 3 . The
limited resolution leads to the smearing of the observed
oscillaticns (see fig.11}. The planned experiment allowg for the
measurement of xg in the range of 115 3<xo<30. At xga15  (the
theoretically expected value) the accuracy of its measurement
5{xg) Wlll be seversl percent.

4.1.3, Search for Rare and Forbidden Heavy Parficle Decays.

The experiments with B and D mesons as well those with <
leptons open new possibilitles in the search for rare processes
caused by lepton charge nonconservetion, contritutlon from weak
neutral currents with fiavor nonconservation (FCNC) or by some
other new processes (Bg;dap.‘:, pe; BoptX;  wadps 1-pe*e‘;
B ¢w'sX;  D%D° et al.; the « leptons are produced in the
D*c*v,_ decays,se 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 senaitive check
of lepton charge conservation was realized only for the tranei-
tions between members the second and first fumdamental generati-
ons {pwsey;3e) or within one generation (double g 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 inereases with the growth of lepton
mass. Therefore,  €.g., BA(b»Sww)<1G”7 will be equivalent in
1ts sensitivity to BR(RZsue)<107'¢  (the ' resent limitation 1s
BR(KJwue)<3-107'%, and = 1t nardly possible that thls branching
will be brought below 10°1'- 107'2 In the pear future).

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

A. 4 precise check of the Standard Model (unliarity of the
quark mixing matrix).
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B. Search for the effects going beyond the SM framework: new
currents, low energy manifestatlons of new superheavy
fundamentsl particle ramilies, "horizontal” gsuge and Higgs
bosons.

C. Study of CP-violation.

D. Study of QCD predictions in the decay of " eavy particies
both at small distances and in the range of large dlstances,
correspending to soft processes and confinemeni effects. Weak
decays of heavy particles (especlally with the b-quark) are one
of the moat pure laboratories for the study of strong interac-
tiong, since the initisl states determined by the weak processes
are given.

Note, that a different approach to the manifestation of the
confinement and QCD problems may be found 1n the Study of exotic
hadronic states and, 1In particular, of strange-charmed and
strenge~bertity exotics.These manifestations are congidered below

Y .2, Search for Heavy Exctic Hadrons

During last years there was quite a noticeeble progress in
the experiments on search for exotic hadrons: multiguark mesons
(qaqq) end baryons (qqqqd}, giuebslls (gg) and mixzed strtes of B
nybrid type (qdgiqqag). The study of the Systems of strongly
interacting particles conaisting of light u.d,s quarks resulted
in the observation of several states, whose properties could not
be described in the framework of & ordinary quark medel for had-
rons (l.e., qf mescns and qqq baryons;. These states ere consi-
dered now to be strong candidates for exotic particles (see,e.g.
[21,221). Most of these candidates are cryptoexetic hadrons.

At the UNK energies the search for exotlc hadrons may greatly
be extended, since then they will include multihedromic ststes
with heavy c¢ and(or) b quarka. A lasrger number of the types of
quarks may bring us to new Interesting possibilities. In
ref. (23] a principle of flaver antisymmetry was formulated,
according to 1t the most strongly connected states are these
consisting of two guarks (or of two amtiquarks) with different
flavors. Then for the mesons of the type gggg:

8) the lightest scalar states consisting of q=u,d,s have usu-
al values of the quantum numbers; it is possible that » and
5" mesons are such cryptoexotic states;
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b) the lightest acalar estrange~charmed meeons way have open
exotic sets of quantum numbers (since now quarks are cheracte-
rized by 4 different flavors).

In refs.[24,25] it has been shown that there may exist exotic
baryons wlith strange quarks and charmed antiquarks of (gqgqqa) or
(Sqgss) types, which #ith a large probability may be stable
w.r.t. strong and electromagnetic interactions. Such a situation
mRy 8lso take place for (l-)qqqs) taryons. The examples of
the exotic states with heavy quarks are gliven In Addenten I (see
Table XVII; see also (261). In what follows let us consider
gome new opportunitles, connected wlih the search for the exotic
and cryptoexotic states with open and hidden beauty and charm.

The search for crypioexotic states occupy a particular place
in the studies of nanobarn hadronic speciroscopy. Since one can
Judge mbout complicaied inner structure of cryptoexotic mesons
and baryons only by indirect dynamic features (anomalously-
-small widths, ancmalous decay branchings, special production
machanlsms) the corresponding experiments will be quite dirfi-
cult. Here we are speaking Rbout the processes with small cross
sections, wnose identiflcation 1s possibly only in the case they
are characterized with bright signastures, which allow to re-
1isbly single out a Bignal Againat background. The success 1n
the study of of exotlic hadrons with light guarks was caused, to
a great extent by proper cholce of exclusive processes for their
production and specific decay channels.

At the energles of {-3 TeV the cross sections of the most
exclusive two-particle reactions, used in the experiments with
1l1ght mesons at moderate energles (below 100 GeV), become very
small. Therefore such processges can no longer be effective for
the gearch of exotlc hadrons in 8 new energy range. However we
should mention here some mechanisms which wmay successfully be
used in the search for heavy exotic hadrons at high energles
both in hyperon beams and in proton and = meson beamns, These
beams will algso he extracted Into the areg aof the getup
location. Such a wide set of the beams will allow one to carTy
out a systematlc search for exotlc heavy hadrona at the UNK
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 when
they are produced following quasi-exclusive and diffraction
mechsnisma (1° and ¢°) 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°.
The general scheme of the setup does not change greatly, ho-
wever it stretches along the beam up to 150 m. Table X presenis
the estimates of the experimental possibilities for the relevant
processes. Particle production in the Goulomb field of a nucleus
1s discussed in detsil in Appendix 2. Note that contrary to
2° - 4° mechanisms 4° and 5° may result in the production of
mltuquark hadrons with open exotics.

TFable IX. Exotio Hadron Production Mechaniem at Very High

Energiee
1°. Quasiexolusive From qualitative ooneideratione
Processas one mzy amsume that the oross
seotions for these prooessBes do
h+N-ay + Xln“ (11)jmot deorease rather rapidly with
X5>0.8:0.9 vsnr energy. In this at very high

energies the partioles from upper
and lower vertioes are well
separated over thelr rapidities,
i/e., the inclusive charaoter of
the reackion in the lower vertex
—_ e cmmee g [does mnot  produse  undesirable
h background in the identifioation
of deoays for,a’ particles. No ex-
perimental data are available at

present on the ener dependenoce
N ¥ |of suoh aragiexciuelve oross seo-

tions. However it has been sghown

that they are muoh larger than
the oross seotions for correspon-
ding two-body reaotlorn. (see dis-
cuseione of these problems in
refs. [21,27)).
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Table IX (aontinued!
pusndtaiuniih bt taty

Exotio hadron pro-
duotion in fragmen-
tation region
{large Xy

h‘“‘a(x.P)D;EH-O.E‘X (12}

The inelusive meohanism of exatic
hadron produstion in the fragmen-
tatlon region of an inoident par-
tiole is very ocloge 5o the gu-
aslexclusive prooces dlmoussed
above. Aa compared with all other
inclusive reactions this
fra?nemation region at suffiol-
ently large x,, ¢he may expeot
more favourable conditions for
the selaction of resonanaes beoa-
use of the reduction of the aom-
binatorial baokground, 1t is the
more true if the char?\ of the
produced hadronic state a“differs
from that of an incident partiole,
This eituation holds in the expe-
riments where' indioations to a
poseible existence of U meaang
were obtained ([28,29]. Hyperon
beams allow cne to search here
for the particles with etrange
quarks, e.g.,atrange-oharmed exo-
tio:F and P mesons or P, baryons

(see Table XVII in Appendix I).

2°, Diffraotional hadron
production (pomeron
exchange)

hiN = atf. (13}

Here the flavore of h and a
musi be the save,

A poesibility for such produstion
mechanism of exotic states with
the oross sections of about .1 wb
was treated in [30] in connection
with the model of the existenge
of cryptoexotic componnat of the
pomeron. Asoord: to the modern
notions, pomeron Iz a mmltigluon
system, which confirms the poesi-
bility of exotin hadron producti-
on in diffraotional proocesses. It
is also of interest to study ocas-
oade prooeeses,t.g, diffraciional
production of a baryon system and
its deoay with exovic meson pro-
duction. Systematic searoch for
exotio hadron production in dir-
fraotional processes are still in
pm?w:ms. However it is quite poa-
sible that a baryon with hidden
strangeness N_(1960) obeerved In
the BIS JINR experiments is pro-
duced namely dus to suoh a dif-
fraotional mechanism 131].




Table IX {(continued)

3°. Partiole production in
the nuoleue Conlemb
ficld

—— —
Q

h

$
(Z,A) Ze (Z,A)

|

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

Coulomb production prooezsses are
of great interert both for the
search of exotic hadronic states
[32], and for the study of Cou-
lomb excitation of the Imown hy-
peron resonanoee.

4°. Gentral produotion of
exotio states (double
pomeron exchange)

hiN+h, {a~hadrons)N_ (15)
h ’ h,
I !
—
N I? Ng

This meohanism was treated in de-
tail in the experiments of the
GANS up and the GLUON project
[33) is based on it. In aonneoti-
on with the problems on the exie—
tence of exotio mesons with ochar-
med and beauty quarks, this
mechanism may be of great inte~
rest for _the search for
hybrid mesons {ocg) of (bbg). The
hypercn beam seems to have no ad-
vantages as compared with = or p
beams {only if the spectrum of
sea gluong in hyperons be not
more hard}.

5°. Exotic hadron produc-
tion in large Py Pro-
oesses
h#N=a(py>152 GeV/e)+
+ jet(pT>1+2 Gev/o)+X. (16)

P, >142 GeV/e

ot P12 GeV/e

In the large p, proozBaes the

production of exotic states with
excited complicated coleor inner
structure may be singled out more
olearly than in other reactions.
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Table X. Search and Study «f the Produoticn of Exotio Hadronio States

Prooess BR € |Bxperimentnl results Notes
T 2 | 3 4 )
19
74N (ditmoB)+H 0.14  ]0.35|Rrporinental sen~
o mivity is
% 600 eventa/nb Diffraotional
Mt agtuiete” {for o, BR[(ddse3)+| produotion of
o ” exotio Laryons
bl - with hea
2. giunks [
£+ {adsbb 48 0.05  0.35|Rperinental sen- tios)
T aitivity in
Lt sytusete 200 events/nk
Tl ='pje'e (for u Br((ddubb)-o
]).
3.
~ 1) Tl senai- 4
ITHe g +X .14 Hvitys produation
L\P"'S"ﬂ 600 ovents/nb ht menons o
. 0.5 R {1 BIYONS W.
= (£07 0] 0,5 BRIN 'slpoary 4
~ gwi gel); and ﬂi::u-hprgduc-
o tion the frag-
oy 0074014 %22;62? va;;{;m mentation region
I, s 2055 Mg (x> 0.50048).
i ppigRYET);
[y +X| 0.05 200 events/nb
L (for of < BRI
[ |0 o Ty




Tuble X {continued)

T

T

5

.
£l (Guuds }Of

= (Budds)”}

£+ (0858)°}

4K
1°0.58

Ppn ipmE

+X
xP)OAE

+X

xp50.8

* KK

10%-10* eventa of
thia type !or eaqh
prooess may b
deteoted

The exotia sta-
tee are amsumed

production crose
{section for exo-
4io anticharm
|strange baryon
18 1072 from the
oross ueation of
2% or 22 preave-
tien. B-Bidl:u

Sa. 5—0.1::5‘?)0
{tor d../dl’.P ~
()% I
prinoiple, the
Teq ent
X.P>D .5 is oot
obligatory si-
m.lziﬁy 25 in
the

mente on 23
howover it maken
the acnditions
for the search
of cxotio had-
TONB MOre pure.




Table X (aontinued)

3 Z 3 4 E]

5.
x 1 X 0.5 0.5]Thin oens mAy be
= +PbuC( fBO) +Pb [t Sh it 1

2R BRIC(t ABO;—-W:-])
Similar procesaes for > 0.4"107
other exotic mesons,
strongly conneoted with
va chamnel, e.8.

="+ Foup (870217 Jarn Taperinents
doxs a5 D{1285)% percn produg-
(e 21 A
34 lomb tield.
" i, 0.5 0.5 {These stugies aliow Yor details
z +sz(3179)‘7+“ one o Bolve the see Appen—
G KRinx roblem on the exie- My I,
- enoe Of 3 NATTOW
L L9170} g=(aaace)~

baryon, if
Bﬁai‘ﬂ)om-ﬂ.m

7°. .
£ 5 3 0.14 0.5 The same if _
4 +Pb4(and:;:3 + P BR[E(SOOO)QJB bl
Lytsete” 50.07
Notes: a) The ts are to be oarried out ‘uring

10 daye (3-105 e with an aopount of the acoelerator duty
faotor) at the intensity of 107 partiole/s.

b} In proocesees 1-3 the measuremenisz are made with a
i standard Be target 0.2 nuclear length.

o) In processes 4 the measurements are made with an active
target— VD | similariy as in I} ,cto. study.

d) Coherent prooesses in the Pb nuolear Coulomb field
(5-7) are studied with the target 1.4 g/om®
(4-10"" Pb.nuslei/on?).




4.3. Study of the Coulomb Production of Excited Hyperon
Stetes (Hyperon Rediation Widths).

These experiments will be carried out in the £ hyperon beam
with pe= 2.7 Te¥/c, 8s #ell as in the 27, §' beans snd tagged -
nyperuR ones (produced in the = -aw~ decay). T’ and interac-
tions are identlfled by their final states. As for §° antihype-
perons and =~ hyperons the experiments wlll be carried cut at
the hyperon team momentum of 2.25 TeV/c and 1.5 TeV/c
Kute, that the transitlons T* -y and =* -3y are forbldder in
the SU{3) and 3U(6) approximaiion (by U-spin conservaticn), and
=*%.ay, £*" - L'y are allowed processes. There ~xists a set of
different predictions for radistive wldths of hyperon states
in the quark model. Thersfore the experimental data on the Cou-
lomb production of these particles 1s of great interest for the
gpectroscopy of hadrons with iight quarks and for the determina-
tion of the SU(3) and SU(6) symmetry violation in these hadronic
atates. Table XI gives the expected statlstics for the Coulomd
productior of some hyperon resonances in the corresponding expo-
sures. The efficient length of the setup 1in these measurements
will be ~150 m which would allow one to improve the angular
measurement preclsion and to increase the hyperon decay Drobabi-
1ity.

4.4. Stugy of Electromagnetic Formfactors of Unsiable

Particles

The otwgy of electromagnetic formfactors of unstsble
parcicles by their scattering on the atomic electron targets at
the momentum trsnsfer >1 (CeV/c)e may be realized only at the
rixed target machines with the besm energy of >t TeV. This
scientific program is rather promising for tne UNK. It cannot be
carried out at the machines with lower energy or at the
solliders.

The study of hadron formfactors ailows one to check directly
the quark counting rule and our notions about quark dynamics on
which 1t is based. Because of the high quality of the UNK
hyperon beam the hypercn fnrmfactors may be determined for the
first time, which 1s of great interest Ifrom the viewpoint of
clarifying the character of the SU(3) symmetry breaking,
comected with the s quark becoming heavier. The polarization
effects allow one to separate, in principle, the electric and
iagnetic formfactors of hyperons.
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Table XI. Deteution of Exolited Hyporon Fraduotion
the Mucleus Coulomb Pield

n [:3 or O
Finallo.yy, | f1uz/d s |events per|eventa per

Reaotion sgatel ub/Ph [ af URK T8 of MHE|10 days of
nuel, operation Joperation |UNE operation
ZT4PoL” (138514 .56 | W1 10 ~30 6.10°
LoAx"apx s
-, ¥ e T, -
LP4PboE” (1385)74PD 0.56 | .30 1.510% w0 3.10°
Lax"apxts

TP (1530) +Pb

0.32 | 0.5 10%33.507 [0.0640.02 |(1.840.6).10¢

0.2
per 4 | 9-40-1 {14 2.0.3).10°
chan—| 10 5+10°+1.5:10%] par 2 M
nel OShmmmey pvar chainel
A+PST (1385)°4P0 0.5% { ~30 - 341 (943)10°
Ax" nonda-
taotablej
u
AtPDaA (1_'_,20)+Pb 0.23 | 5 . 0.3:0.1 (9*3).101
Lapk

Notes: 1. %oul. from M.V.Hynes, Preprint losAlamoe.

They may o] quite signifioantly.
2. Pb target (1. g, 0.2 rad.length), i.e.,

4.10%" Pb nuod/om®.
3. Beam momenta P (2" )=2.7 Tev/0; P(z }=1.5 TeV/o:

: P(=7) and P(A”)=2.2 TeV¥/0+1.5 TeV/o.
. 4. UNK duty faotor .1/3, i.e., 10 days correspond to

effeotive time of 3.10% s.
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The (ollowing reactions are planned for the study
T +e sz e, umn
ERE- R - R . (18)
at the particle energy of 2-3 TeV. To carry out a comparison

with other dats cbteined at lower energles and for seke of
completeness we also plane 1o have measurements with = meeons:

% +te »m +E., (19)
The cross section for hyperon scattering on elecirons (see
(17)-(18)) has the form

- [, euer (L0 o g
(20)

where 1:-1:/4}{2; -t=q2; v 13 the angle in the coordinate system
where EIEctz‘orf hits the hyperon at rest.

For proton the electrical and magnetiec formfactors have
the form Gg(qa)p = c“(qz)p/,.p = 11+q%/0.T1 [GeV1%172, One  may
also expect the same relation for the =~ hyperon: !32(!1_2)E =
ﬂu(qz)x/pz;r{f—j,ﬂ by (Byshy BT magnetic poments). It 13 con-
venient to messure the momentum transfer in reactlons (17)-(19)
by the recoll electron, using the information about 1ts energy:
o® = 2n E 1073 B tGev 21,

The characteris'ic angles for the scattering at Eg2.5 TeV
and q° =1 Gev2 are vy =0.4 mrad, v, =0.6 mrad, E,beingequal to
1.5 Tev, E, =1 TeV. The measurements of the electron energy 1in
an electroma@netic calorimeter with an accuracy of  aE/E=#2%
yields the mccursey of a q° / q@ =s2%. Fig.12 shows the kinema-
tics of reactions (17) and (19). The expected accuracy for
the formfactor determination for = mesons and =~ hyperons 1s
illustruted in rig.138 and b (in the latter csae 1t 15 assumed
that Gp(q?)-= Gy (0P )g7ug-1

It 1o of a special Intereat to study hyperon resonance
production in the reactions
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Pig. 13. Raxpeotad aocourasies for form factor measurements
a) ¥, (a®) (107 /81 10 houre); b) Fy-(qf) and

Fa-z‘-(qz) (107 Z/a; 100 hours)
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Sfre ™™g, (1)
te s e, (22)
= +te »=' + e, (23)

These reactions will ailow one to measure the transition
formfactors Y»¥* and to understand the character of the unita-
ry aymetry violation. The transitions of y -f *~ type, which
are forbldden by SU(3) and SU(6) invariance are of
particular interest.

The value for the cross sections at small qz 15 determined
by the magnetic moment of the Y-Y" transition n(Y, ¥Y%):
a(TrerT +eap? (Y, Y*)-[(Y*»¥+r). These are just the same pro-
cesses In the Coulomb fleld, considered earlier in 4.3,
Because of U spin conservation within the 1imits of the pre-
clgse SU(6) symmetry the transition moments u(z", z")su(m -
=u(=” ,2*7)gy(e,"0s 1.e., the cross section of the  correspon-

ding processes also turn into zero. However, since SU(6) saym-
metry 19 violated by moderate-strong interactlons, cross secti-
ons (22) and (23) will differ from zero. In ref.[35] totel cross
gection (22) was estimated under certain assumptions on the
SU(6) violatlon mechanism:

#nml

o [ [dosdtlsdted.1-10%%cnS. The dependence

it min!
of the SU(&) forbidden transition formfators on q° will be in-
vestigated in the reactions on electrons, which 1s the most
Interesting, since guch dats >annot be obteined In  the
experiments in the nucleus Coulomb field, where ¢ 1s very
small (the condition of coherent interaction with nueclel). The
accuracy expected for the (z7-z*7) vertex tramsition formfac-
tor in model [351 1s shown in fig.t3b.

4 .5. On Measuring the = Byperon Structure Function.

The study of the Drell-Yun (DY) production mechanism of lep-
tonlc pairs in the 2~ beasm allows one io measure the ¥~ hyperon
structure function, since the cross section for the relevani
process 1s determined by the quark structure functions of the
beam hadrons and the target.



The kinematles of the process 18 determined by the following
quantitles:

2 _ ¥ _
W= xxe, =L -ax,
X, =%, - X,

24
x=§(xs,+v’(x§+41), 24
é(—xF + A2 v 80,

3]
1l

2

The TY palr production cross section [36] has the form

P _ y dma® 1 1oy 172 =1 2 )
o, X el s o e g (x0T (x} + Q(x)q;(x,)). (25)
Where e, 1z the charge of the quark of the 1 type, q)(x,) 13 the
provability to find a quark of the 1 type with momentum
fractlon x, ‘in hadron 1.

The normalization of the quark distributions is as follows

1
Jox g - it =af
o

nf} 1s the mmber of valence quarks of the 1 type in hadron h.

The K factor takes Into account the contribution of the hig-
her order QCD corrections. .xperimentally K.1.6 for pp 1inte-
ractions and K.2.3 for meson-proton interactions.

As 1t clear from (25) the scaling M° ﬁ = P(x) should take
place.

Cross sectlon (25) does not depend on the transverse momen-~
tun. However such a dependence was experimentslly observed and
was establlshed thbt

<pp> = (0.37 + 0.028 ¥5) [GeV/c).

This dependence 13 explained by the contribution frem the
processes with giuonic radiation (bremsstrahlung and Compton
grattering, see reviews (36,371).

Intense esgarimental studies were devoted %o the DY
production. Table XII presents the main characteristics of the
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Table XII. Experimental data on massive lepton pair produstion

FTyen ot [Taten=| rang v Nuzber | ¢ p.ag +
3 'ypes. o. en— e, T L licceptance
Experiment | Brtioie |sity, (Oeg) () eventu am2 %
and their | -1, | (aM/M,%) i "
cpe/38/ p (200,300,] ~10'2 | 4-18 0.1530.65 108 0% 0.
400) (2%) |(-0i1<xy0.u)
w39/ p (400) | 2.10'"| 6-16 0.22+0.58 (2.25.10%] 4. 10! 5
(7.5%) | (x;>-0.2)
5(260) | 107 [4.2-8.5 | 0.18¢0.37 | 1.2.10%} 2.8.10%8 110730
a3/ 4%/ p(400) [1.5:10%]4.5-8.5 [ 0.1640.31 | 3.0.10%| 4.10%°
{6.5%) | (x3-0131)
na1o/ Y/ x (194) | 2-10% [4,1-15 0.21+0.17 {1.58-10%] 1.6:10° | ~ 5
(3%) {%p > =0,2)
camap’ 42/ P+ (15R) 2-25 0.0340.40 1.4-102 1.1.10% | ~ 205
YB=£2 GeV 5-8 0.08-0.13 4.4:10
(10%) -o 1<EL<C.5)
URE hyperon) p= (s00) | 2,107 | 2-25 | 0.03:0.35 410°} 5 5.50%) ~ 20
experinent | I (28000 |2 25 | o.oes035 | 35108 7 (w4 Gev)
(x>-0.1)




dimucnic &xperiments with largest gtatlistles and at maximm
energles.

The estlmates of the DY pair productlon crcss sectlons in
I~ W-interactions obteined in accordance with (25) (K=1) and
with known nucleon structure functions under assumption on the
SU(3) symuetry for I, are presented in Teble XIII and at
1ig.14.

Table XIII, Statistic of massive lepton pair production in
Z°N interactions.

- o (DY) |eventa/ [Number of
¥ (GeV) /s nb/mucleon{1o daye jevents/sec
2-2,8 0.03-0.04 | 4.0 2.7.10° | a.9
2,8-4 (y region) | 0.04-0.06 | 1.36 0.9.10% | 0.3
4-9 0.06-0.12 | 0.476 3-10* | 0.1
9-11 (T region)| 0.12-0.15 | 0.010 7.10° | 2.3.1072
11-15 0.15-0.21 | 4.8.107% 3.10% | 1 1073
15-20 0.21-0.28 | o.g.107% 55 2 107t
20-25 0.26-0.35 | 116.107° »10 26 1078
25-35 0.35-0.48 | 21 .107® “t = 1078
4-25 0.06-0.35 | a.49 4108 § 0,104
Notes: 1. A W t 5 om thiok (97 g/um } will be |used in

the e'gpe ent;
2. The £ hyperon flux during the measurement period
. (10 days) will be I=6+10'2 ¥ (2:10" = /meo™}, the UNK
. aceelerator duty-factor 1/3). The integral luminoeity
in the experiment will be L=7- 1037 om? (wit.h an  aoco-
unt of the 20% detection efficlency for p. pairs at
N, _>4 GeV);

1
3. In ocaloulatione of the muon pair yields no auuount was
made .f the K faotor.
4. The background from semileptonio decays of B-mesons
for N, > 4 Gev is <2% of evenins.
wh”

The results of calculations agree Wwith the scaling extra-
poletion of the ISR dats according to




!
i
i
:

do  A(1-v=)1°
—_—— (26)

¥R

The study of the DY pair pr.Juction for vz »0.06 using the
statistics of ~35000 events w11l make 1t poesible to
reconstruet the structure function of = -hyperons in the range
0.06<t<0.6 and to compare 1t with the data on the proton
gtructure function obtained Iin a apecial eXposure with a proton
beam (E =3 TeV), The results of comparing the data obtained in
one experiment, @il be fres fmom & number of syslematic
uncertainties.

It is assumed that in this experiment the W target and the
system for measuring the muon emission angtes (hodoscope
detectors, micros.cip detectors) will be installed In front ef
the rirst magnet. Then there will be & beam-dump =~5-T7 m long
{partially in the rirst magnet). Kuon pairs will be detected In

the second magnetic spectrometer. Trigger should select the
pairs with N>4 GeV.

4.6, Study of Weak Hyperon Decays

Good quality of the UNK hyperon heams allows one tO use them
for high precision studies of weak hyperon decays and search for
rare processes of this type. The wensitivity of the relevant
experiments may be 10'3 for z” decays, 107" for the = and A°
decays, and 10°® for o~ decays (the decay = =A%~ 18 the source
of the tagged polarized A™ hyperons).

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

7 » Aew 27)
(1ts relative probebility 1s 5.7-10°5) as w®ell 85 ancmalcus
decays with aS=2 (e.g., ¥ »px » ). Let us congider process (27)
in more detail.

The maximum length of the setup should be used in the expe-
riments w&ith cascade hyperon decsys, since the A hyperon
detection efficiency improved greatly witn the Increase of the
effective decay path (see fig.15). The Xinemstics of decay (27)
13 presented in Table XIV.
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Fig. 14. The Drell-Yan muon pair spectrum in the reaction
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Pig. 15. The ZAev decay: the dependence of ihe deteotion effi-
oienoy on the decay path length, where the A  hyperon
decays are deteoted.
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Table XTIV Kinematics of the Z sAe v decay (at P;-=2700 GeV/o)

; B E Naximum angle
Partiole (G:%r). (gg.;) <B> (for <E>)
A 2340 2700 2520 3.2:10°%
B 0 180 360 4.4107%
» _{ 1900 2130 2360 4.7+107
‘} Avpre 160 390 620, 2.6:107%

The accuracy of the corresponding memsurement angles should
be 1079, Maximum transverse dimensions of the facility with the
common length of I~200m 13 80 cm and are mainly determined by
the 1nltlal hyperon beam divergences. A magnet spectrometer
based on the magnet N3 1s planned to be used. The statlstics of
107 decays (27) may acquired per 1 day of measurement.

5. MAIN ELRMENTS OF THE EXPRRIMENTAL SETUP

§.1. Hyperon beam identification system

The hyperon beem identification aystem 1s designed for
incident particle identification &wnd to determine 1ta
trajectories with a 3 um accuracy along X~ and y- axes. The
facllity includes hodoscopes scintillation counters, silicon
microstrip detectors SSDI with & 20 um step and iransition
radiation detectors. At ogi ayua wm and path length of about 2m
the error in detempining the incident hyperon angle is 31073
mrad, which corresponds to the a possible contritution of
5t<107* (GeV/c)Z. At the particle flux of >107/s,uniformly
\istributed over a 0.5 cm?® spot, the SSD life-time will be 0.5
year. This problem needs n thoroughful experimental study.

To identify the primary beam particles (mainly for = meson
impurity suppression) we use the transition radiastion detector,
which can quite efficlently separate hyperons and plons because
of a great difference In their Lorentz factors (1+2.10%). The
charge accumilatlon in such a detector may be < 100 ns. The
separation of the z hyperon and = meson iransitlon radiation .at
at 1.5, 2.5 and 2.7 TeV i3 shown In fig.16.
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In the case of neceasity the hyperon besm momentum may slso
be measured with a 1% accuracy with the help of the
last purifying magnet in the 9ystem of hyperon beam rormation
{see Ch. 2).

5.2. Vertex detector

The study of the shor: llved beauty particles requires a
detector which has high spatial resolutlon (<20 u), fast res-
ponse and would be capable to work with high multipiicities.The
charmed and beauty particles produced in the target decay, after
covering a short path, yielding one or more secondary vertices
with the increamse of the particle mumber. One of the main
tasks of the vertex detector 1s to detect hervy particles
secondary decay vertices. Thls 1s one of most important criteria
for the gelection of the events with  beauty particles, whose
fraction 13 ~10™® from the totsl mumber of the events. The
veriex detectar 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 gble to
work under hard radlative conditlons, caused mainiy by the pas-
ging of the primary besm.

At present we are considering different varlants of the
vertex detectors based on the microstrip detectors (MSD),
scintillation fibers and charge coupling devices (CCD} in
coubination with MSD. The final cholce of the vertex detector
will be made &after a completion of investigations. Quite
posalbly the detector will include a combination of several
types of preclse devices, which may greatly simplify the
construction of electronics and Improve the detector charac~
teristics. This section 18 devoted to the consideration of
a vertex detector based on microstrip detectors. All other
variants are given in Appendix III and Appendix IV.

The proposed vertex detector (VD) (see f1g.17) incorpora-
tes  twelve ¥SD sgtaticns installed along the beam at a
distance of 20 mm from each other. The vertex detector length 1s
250 mm. Its transverse dimensions are determined by the beam s1-
zes and sngular acceptance of the fzellity (0.1 rad) and
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varies from (15x15) mi? in the firat statlon up to (45x45) m®
in the end stations, starting from station 7.

The first six statlions of 1 = vertex detector make up an
“active target®, where the primary interaction takes place.
The remaining six coordinate stations are used for the determi-
nation of the charged particle tracks.

The active target station consists of four planes of one-
-gided MSD (X,Y,X',Y'), each 300 um thick with 25 um
strips, and 1 @m thick silicon AE detector. The NSD planes
are installed Symmetrically with the w. r. t. AE de-
tectors and serve to point to the coordinetes of the charged
particle tracks, while the AE detector provides the infor-
mation about the changes 1n the num“er of charged particles,
hitting the detector area. The mctive ta-get total thicimess 1s
0.045 nuclear length and 0.2 radistion lengtn. 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 antlve target
gtations are distributed along the beam to localize secondary
vertices from beauty particles outside the target matter. The
active target design enviseges a  possibility to Incremse the
target thickness snd 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 two-sided MSDs (X, ¥,
X', ¥') 200 um thick each with 25 um 9trips. The sixth and se-
venih coordinate Statlons contaln also AE detectors 300 um thick
which provide information about the changes oi the number of
charged seconderies in the events caused by decays of  beauty
particles, produced in the end station of active targeth.

The MSDa will be mamufsctured from the plates of high re-
slstance silicon of the n type, 200 and 300 pm thick, onto which
the strips will be put with planar technology. With the
25 pm step the strip width will be 10 um. The maximal dimenaions
of the sensitive area will be 45x45 mm@. The etficiency of de-
tecting one minimal ionizing particle (MIP) is expected to be
99.99%. The NIF energy losses in silicon 1s 26 KeV/100 pm, which
corresponds 1o the productlon of 25000 pairs of earriers in
300 um of MSD. The signal-to-molse ratio will be (10+20). The
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spatial mccuracy is expected toc be <5 wm vhen averaging over &
cluster {ietermined over one strip 25/¥T2e7.2 pm). The average
31ze of the cluster 18 1.6 stripe, the hitiing probebility for
one or tio Strips 1s 95%. The resolution h:etween two tracks 1s
100-15Q ym, which corresponds to the angular redolution
(0.4-0.6111072 mrad. As 1t  follows frum the estimations, the
informat.on from the aix stations allowe one to reconstruct
the verg{ex of the B particle decay ®ith an accvracy of 10 um in
the plare iransverse to the beam and of 100 um along the heam.

The detector which would meet the requirements ol experiment,
should, from the very begimning, have not less then 39% of the
atrips with the Ileakesge current <10 niA. During the experiment
wlth the beam the leakage current should not exceed 200 nA. With
this value exceeded the contribution from the nolses becomes
significant.

The charge collection time for the HSD 300 wm thick 1s 10 ns.
This rllows ocne to include the vertex detector Into the irigger.

The mmber of MSDs in ihe vertez detector is equsl to 36 with
the total number of the information chammels 3.10°, which can be
reduced by 30-40%  1f the vertex detector configuration is
changed.

The vertex detector design should allew for geometry changes,
access to certgin statlons, replacement of the target material,
fine adjustment and control of the target and MSD position. The
atrategy of assembling the vertex detector foresees the &adjust-
ment of the stations with an accuracy up to tens of wm in com-
bination with a high mechanical stebllity of the whole vertex
detector structure (Sum) and Righ sccuracy of coutrolling thelr
position in space (2um). The accuracy for the relative position
of the atrips in the ¥5D, for gaps, &nd strip slzes over the
area of the detector is t pm, which 1s guaranteed Ly the photo-
litography process used in industry. The NSD adjustment will be
carried out with optical method when assembling the detectors:
the positlon of the MSD planes will be messured respect to the
fiduelal polnts of the statlons. 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 c¢ollimated X-ray beam. The radiati-
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ve stability of MSD when irradiated by the photons from the GoS°®
source, 1s estimated to be 2.10% rad and being irradiated by re-
lativistic particle fluxes -10°:10° rad wiiich corresponds to
the integral fluxes of 10'3:10" p/en®. This problem 1s being
intensely studied now.

5.3. Syptem of fiber track detectors

The track sysiem for particle detection upstream of the first
magnet specirometer will be supplemented by a sysiem of the
scintillation fiber detectors. The  detectors of thila type
are considered in detail In Appendix 3. The track riber system
will be installed after the vertex detector. The system inecludes
seven planes of fiber glags with the read cut on one CCD (526«
~1088 cells). Three planes are Ingtalled right after the vertex
detector (X, Y, V), tWwo planes are at a distance of 15 em from
the vertex detector and two planes {X,Y) are 8% 8 distance of
a0 om*!. The planes consist of capillaries 50 cm long with  the
inner diameter 150 pm and outer - 200 pm, each plane 18 1.5 mm
thick alone the beam. The plane Sizes are chosen such 8s 1o co-
ver the polsr angle of 100 mrad. The smallest tranaverse size
of the planes 1s 50 mm and the lergest one 1s 90 mm. The planes
are connected io the photocathode iImage iIntensifier (If) with
the diameter of 50 mm. The totsl number of the fibers 1s 1.5-1G%
the total length of 7 km.

The fibers from all the planes &are read out by one intensi-
fler system (ihree II, one CCD). The image reduction factor is
K_qq=8- Along the distance L-50 cm and the plane ¢.5 mm thick
the mumber of photoelecirons is R.10.

The space resolution L mainly depends on the fiber sizes.
For the diameter 150 um 6 50 pm. The contribution from the cell

sizen (15x15u1%) Gch=15KradN1'2=34 5 ph. All the other contri-

butions may be neglegeable: a—»’af ”ccn 60 um. The acecuracy of
the track localization is

*)1f 5 Cerenkov deteotor RICH1 (as is shown in fig.3) be put
in front of M1, the struoture of the detector may somewhrat
change. Seve"al fagt response Prepertional chambers,
manufactured lithographically, may aleo be used.
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The accuracy 1s 9«35 um with an account of the
multiple scattering. The error in determining the angle (along
the 30 cm path length) 18 og.107%.

The resolutlon between the tracks 1s determined by II  and
GCD cell sizes and 1S equal to 4<2C0 pm.

At present the time resolution 1s 150 n3 (see Appendix IIT).
The application of opioelecironic delays will allow one io
outaln the time resolution of <10 ns.

Deed time 18 determined by the time of transfer, readout and a
possibility to buffer the data in OCD. The information transfer
from the accumulation section to the memory section of the OCD
takes 30 ug, the readout time 13 350 ps. The scintillation fiber
imsge occupies & small area in GCD therefore one has a pos-
81bility of buffering for five events.

5.4, Track sygtem

The track system of the facility consists of four blocks of
minidrift chambers DG1, DC2, DC3, DC4 (see fig.3).

Each Dblock conaists of four modules with identical
structures:X¥UV. Each plane (X, Y, U, V) 1is doubled. Consequent-
1y each block has 16 doubled planes (to avoild left-right uncer-
teinty). 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 radiatlon
detectors (TRD), whose location within the setup layout is
shown 1n fig.3,are used for secondary particle identification.

5.5.1. Ring Image Oerenkov Counters

The requirements imposed on the multichanmel differential
Cerenkov counters asgsigned for the identification of seconda-
Ty charged particles, are 8s follow

- good time resolution (<10-20 na);

- capability to work at high intensities (>142.107 pps) and
to detect eventa with charge multiplicity up to 3G;
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- high detection efficiency {>95%);

~ Stability and reliability in operation. "

Since the duration ol the Cerenwov 1light radistion (¢ 16 8)
1s consideraply less than the duration of the slgpals from the
rhotocathode used in the Cerenkov devices, all the requiremenis
imposed on the RICH cnunters are true for PMs or gas photoloni-
zation chambers.

There gxist new designs of photolonization chambers with time
resolution of 15-20 ne {Parallel-Plate Avalanch Chember witn
pad anodes and MWPC type with pad cathiode)to be used 1n high
intensity particle beams. Hecause of the difficulties in  mann-
facturing and exploitation of large chambers with much electro-
nics, we propose to use small-slzed or miltianode s for
the Qerenkov ring detectlon. Photosensitive walls of several
square meters may be composed of these FMs which will satisfy
all the requirements imposed on the RICH counters.

The prototype of such a multichannel Cerenkovy spectrometer,
now operating as s component <f the SPHINX facility, was
constructed at THEP 1n 1989.

The principal optical scheme nf this detector 1s shown in
71g.18. A 736 chahnel photosensitive system was used to detect
Cerenkov radiation. PM-60 witn the bulb dismeter 15 mm and amp-
11fication factor of >10° were used as photodetectors. PM glass
protocathodes were covered with shifier to increase the yileld
of pnotoelectrons from Cerenkov ragimtion. The electironica pro-
vided the amplification required for a rellable detection of
one-electron signals from the PM. The results obtained from pre-
liminary processing showed high efficlency and almost complete
absence of the back.ground. A multiparticle event in thals Ce-
renkov counter 1S shown ag an example in fig.19. The results ob-
tained with the prototype detector showed thet PH-60 may be used
for the Cerenkov spectrometers at the ONK as well.

Three RICH counters, which allow to identify «,K Bnd p in the
momentun range up to 200 GeV/c, will be uged in the facility
for hyperon studles (see ig.3). For particle identification st
higher momenta TRD detectors ecan be used.

The first RICE detector with the radiator length of about 1
and 3 relatively small number of chamnels will be installed
between the vertex detector and the magnet Mt. It will be
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Fig. 17. The layout of the agtive target and the vertex deteotor

with miorostrip silicon isters and silicon semiocon—
ductor ovunters AE for ilonization measuremsnts.

Fig. 18. The layout of the 736-ohammel deteotor RICH, used z2a &
component of the SPHINX facility for the detection of
secondary particlea. 1 — apherical mirror of thin glaes

. (A=5mm, £=125 mm); 2 - deteotor body; 3 - flanges of
H the output plugs; 4 - a get ol the PMs (each of tmo
! sets containe 368 PN 60).
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Fig. 19.

Multipartlole event, deteoted
in RICH at SPEINX. Three (e-
ronkov rings are singled out
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56



ERS N

JS——

used for the Iden.tification of particles with momentum up to
30 Ge¥/c and emission angle >15-20 mrad. The second RICH detec-
tor with the radiator 5-6 m long is instelled betiween the mag-
nets M1 ard M2, to identify particles with moments up to
100 GeV¥/c and emission sngle up to :75 mrad (this angualr range
was chosen with an account of the deviatlon of particles in the
magnetic fleld of M1 and emission angles of particles from hype-
ron decays). RICH 3 counter with the radiator 15 m long will be
ingtalled after the magnet H2 will to cover the momentum
range up to the reglon where secondary particles will reliably
be identified with the TRD detectors.

The main calculeted characteristics RICH1, RICH2 and RICH3
detectors are glven in Table XV.

5.5.2, Transition radiation detectors

It 1s planned to use several transitlon radiation detectors
for the identification of beam particles ,electrons from the
secondary particle decays and ror separation of = and K mesons
with the ¢ Tactor >10% in the reglon where their identification
by Cerenkov radiation 1s compllcated.

The beam identifier THD1 serves to separate hyperons and n
megons In the primary beam at E > 1.5 TeV. TRD! consists of 20
modules, each module contains a radiator and 3-sectloned propor-
tional chamber. The radiator,consists of 200 layers of polypro-
pllene film 17 pm thick with 3 0.5 mm gap and the ares of
2x2 cm®. The proportional chember with 0.5 mm step was filled
with zenon-methane (30%) mixture. The separsiion of = and = hy-
perons at 1.5, 2.5 and 2.7 TeV 1s shown in fig.t16.

TROZ2, 1nstalled &fter the RICH2 counter (see f1g.3 and
Table V), 13 2x1.5 m? and 5 modules. Each module contains a
polypropelene radlator and proportional chambers with 3 mm
pitch. The mumter of channels in this detector is 6000. =-~meson
rejection waa 10° at 90% detection efficiency for electrons.

TRD3 18 alsc used for electron selectrion and 1s equivalent
to TRDZ 1n 1ts structure.

TRDY separates = and X mesons with energies higher than
150 GeV. There are 10 modules 3x2 m°, each module containing a
radiator o©f propylene f1lm layers and (X,Y) proportional
chambers with 3 mm step, respectively. The number of de-
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tection channels in the chambers is 1.7-10%. At 90% efficlency of
= meson detecticn the K meson rejection depends on the particle
momentun and varies from 10° to 10 in the momentum range Irom

150 up to 1500 GevV/c.

Table XV. Characteriatios of Multichannel Ceremkov Spectrometers

of the RICH Type.

RICH-1 RICH-2 RICH-3

Fooueing distance of
spherioal mirrer (m) 1.5 6.0 15.0
Radiator length (m) 1.0 5.0 15.0
Radiator gas; Freon 12 CP, Ne
refraotion ocefficient
(n-1).10° 1012 470 64
Spherioal mirror
sizes (n°) % 0.5 (2.1x2) | 2.7%2.5
Piras, (08V/0)
=/K/p 3.2/11.5/23 | 5/18/36 | 13/46/92
AR {aisp) (om) (PwHM) 3 5 3.75
Roay (mm) ) 68 163 165.8
ny, (p=1)=100 6° L (om) 4.8 16.5 36 15
(ﬁﬂ/ﬂ),dﬂl (FWHM) =
=tge ae/¥m,, 2x10”° 41078 | 7.5x1077
Assumed angular
range (mrad) *+100 275 +30
The area of photodeteator

(@) 0.5%0.5 | 1.1x1.q [ 1.1x1.1
Number of PM -60 10° 5x10° 5x10°
4R (for PM -60)=
=15/V12 n,, (mm, FUHM) 2.5 1.7 2.7
ap/p (FWHM) ex10" 8x1076 201076
The ultimate momentum
for partiole separation
P (GeV/0), 35 100 240
Pysp (GeV/0) 60 180 400
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5.6.Triggering logics

The main problem In the study of the particles with heavy
quarks In padron collisions 1s to suppress the background from
the ordinary interactions, whose cross section 13 10°  times
larger than for the processes with beauty particles production.

Recording of about i Mb of information per second on tape
seems to be quite realistlc, which makes up to 50 evente at the
average event length of 20-25 Kb.

The triggering system sShould have a multilevel structure
1o provide such selectlon facior.

All the calculstions for the gystem are given for the primary
beam intensity of 2.107 pps and target 0.05 intersction length
thick. Numerical estimationsiz far the selection factors
were Nonte-Carlo calculated with the help of the LUND and ISAJET
programs. The following scheme for the triggering logics 1is
planned.

The first level trigger fixes the interactions with the tar-
ge. (rejection ~20) and the requirement higher multiplicity
in the events with heavy particles (selestion coefficlent 2).
As the caleulastlons have shown, the number of charged par-
ticles in the bb pair production 13, in average, by 10-20 larger
than in the soft processes. The decision time 13 15 ns. The
output flux will be 5.10° events/sec, end beam losses are 30%.

The trigger of the second level 1s based on & jump of charged
particle multiplicity, which arises from the decay of particles
containing b quarks. Using the information from the aE detector
on2 can suppress the event flux ten times during 60 na. The
output ‘flux will be 5.10% events, the dead time belng 4%. This
can be Seen from the calculations given In figs.20 and 21. The
gecond level trigger initiates the resdout oi the Information
from the registers to the puffer memory.

A9 18 known the particles with b quarks are produced in hard
colligions with large transverse momenta (<p,»>2.8 GeVs/c) cont-
ray to the soft processes (<pT>~O.35 Gev/c). Besldes, in their
decays there are produced particles with large pp- Therefore
the third level trigger analyses the transverse energy or
the particles produced using the information trom the calorime—
ters. Noreover the decay products of b particle occur in Some
interval over pseudorapldities. Hence, the selection of events
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over the total value for the transverse energy 1In a certain
range of peseudorapldity may yield this or other degree of the
rejection at a given efficiency of b particle detection.

F1g.22 shows the dependence of the detectlon efficlency for b
particle on the degree of the background rejection (upper
curve), the information sbout the total transverse energy
within the rapidity interval of 3.2<n<5.2 from the calori-
meters being used. The lower curve show?® the dependence of the
rejection on the cutoff vslue, imposed on the total trans-
verse energy (ieft scale).

The decision time 1s 1us, the rejection factor is 10 at
the detection efficiency >50%. The output rlux will be
5:1G% events/s at 5% dead time.

The follow trigger processors work with bufferized informa-
tion.

The f[ourth level trigger recognizes the presence of the
iracks, not directed to the primary vertex. 4 vertex detector
being used for this purpuvse, The ides that was checked In the
the simulation, consglsts in:

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

- then, in each X; and ¥; plane of the station, right after
the target station, the number of hlts was determined: N=N1-N2,
where Nt 18 the total number of hits In & glven i-th plane of
the station, asnd N2 18 the number of hits belonging (in the
given error bars) to the atraight lines paasing through the
primary vertex and corresponding hits of the subsequent {i+1)
or (1+2) stations.

The N distribution histograms for the events with B particles
are presented In f1g.23f, and fig.234 - for the background
events.

Fig.24 presents the selection efficlency for the events with
B particles obtalned with the help of these histograms, as a
function of the rejection factor of background events (for
different values of the error bars).

From the calculations 1t follows that one may achleve the
rejection factor of 10 at the B particle detection efficlency of

> 50%.
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The decision time 18 100 w3, the oputput flux 1y 500 evenis/s

At the fifth level of the irigger the reconstruction of the
events in the verter detector takes place and the number of
secondary vertices 19 determined. During 10 w3 one can achieve
the selection factor of 15 and make the data rlux 30-40 events/s

In principle, other selectlon techniques for useful events
may be used, for example, by detecting leptons with large
transverse momenta (see rig.25).

Table XVI shows the above quoted data on the system of
organizing 8 trigger for the selectlon of beauty particles.

5.7. Data acguipition syptem (ses aleo Appendix 5)

The electronics should be realized in the FASTHEUS standard,
maybe using & simplified protocole.

The information readout time in the FASTBUS crate (the size
of the event 20-25 Kb) 1s approximately equal to 10 p8. The
events are 0 be read out in average each 200 us. Therefore the
information should preliminary be buffered in the recelving
regigters, containing a buffer for 2-6 events so as to maintain
the dead time at an acceptable level. The Information form the
PASTBUS registers i1s then recorded In the preliminary buffer
memory (4-10 events) assembled In each crate with front-end
electronics. Then specialized processors are put into operation,
repacking the accepted event and making partial conversion of
the iInformation. So a9 they may also calculate some sums (with
the welghts 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 chember blocks,
etc.).

This information 1s used for the next level trigger produc-
tion, Specialized processors, used for trigger decision allow one
to reduce the information domn to 50 events per second. Selected
events Are the inputa for the universal mlcroproeessors (micro-
processor farm). Their goal 1s a complete pracessing of the
dete, final selection of the events of the requird class, forua-
ting end paciing the information. The total poWer required for
the solution of all these problems is mbout 100 MTPS.
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Table XVI. Block diagram of trigeer signal forming.

Input sri ien-. | Dead
i pepigion Sodeor | B
{evenss/8) %
7 Interactions with higher
1{2x10 multipliolty 15 n8 40 3a
5 Huitiplieity jum
2| 5x10 (deteotors 4E/dx 8o s | 10 4
3 5r10* Iarge transverse energy <1 ps 10 5
q Counte of the hite from
4 510 the tracks some &econ~ 100 up 10 5
dery vertices
2 Determination of the
ERETR number of secondary 10me 15 1
vertices

4)+50 events/B: writing on magnetio ape ~§ Mbyte/s

One of the possible versions is the application of the
processor farm the ACP type (FNAL), consisting of 10 blocks
with the poser up to 20 MIPS. Qne of the blocks 13 to work
as an Event Builder and besided it should record the information
on tape

The resulting output flur will be 50 selected events per
gecond, or &hout 1+2 Mb per second. The mansge such flux one may
uge 2-3 devices of the EKABYTE type (in parsllel), 1.e., 8ll in
all one needs 6 devices of this type. The higher the response of
these devices the less in their number.

4 multi-user computer with the processor of the seme type as
in the microprocessor farm seems to be expedient in this case,
though a computer of the MicroVAX type may slso be acceptable.

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

The experimentators should be supplied with & set ol 32-bite
personal computers operating together with the wsin computer and
Equipment computers.

A set ol special-purpose microcomputers should be used to
control the power, gas supply systems as well BS some other
elements of set up.



Appendix 1

Table XVII. Some types of exoilo hadrons with heavy quarks
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Table XVI {oontinmucus)
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valu:u of these partiolea: A (BH(DK) 5 b) I(DK)>I(P)>
i >H(D_=)3 o) M(D_x)>u(F). Por inetance for F, mesons with
u(rl)a(n x) one > =y have only ulmtmmetiu and weak
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ones. Notations rnu- mesons with ppen unuaa, a ~ paT—
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Appendix 2

COQULOME PRODUGTION QF HADRONS
AND STUDY OF HEAVY EXOTIC HADRONIC STATES

A2.1. General description of particle production
in the Goulomt field

In genersl the process of coherent production of "a" state by
n on g rucleus with charge 2 and 4tomlc number 4 1s falrly
L,Umplex, since 1t originates from both electromagretic and
atrong Interactions (see disgrams of f1g.26). The differentlal
cross gectlon coherent production of particle "a" on A nueleus
has the form

dosdite = 1T, + efPr 1%, : (A2.1)

where T, 1s the amplitude oI Coulomb preduction, T, 13 the amp-
litude of strong interaction (e.g.. by the u pole exchange}, and
© 13 the reletlve phase of these amplitudes. In the approcsima-
tion of the smell-width resonance giate "a" the elestromagnetlc
cross secticn takes the form

at (21 413 o 7P
—| =7 1% = 8w2® —2— r‘(a—'nq}[ -~ e] .
are! (-Jhn) L
It-t I
LN e ()12, 422}
2 =

Here Z 1s the nucleus charge, a 13 the fine structure constant,
T(a*hy) 1s the radiative width of the aorresponding decay “a”,
dJ,, and J_ are the spins of pav'ticles "h" and "a", m, and m, are
thelir masses, F_{t) 13 the electromsgnetic formfactor of the

cleus, it - m: .n\.ﬂ)“'d"fl 18 the minimum velue for the squa-
"ed momentum trs.nsrer, 2 15 the particle b "momentum. if  the
primary particleis a photon then an adﬂitional factor "ot 2 enter
the expression for the differentlal cross sectlon. .

The cross section of coherent production of a particle via
a gtrong interaction mechanism is given by the exprassion

torgitil, = 1712 = A%-Cht-t_ 1-i7 ()12,




Here A 1s the atomic number of the nucleus, C is & normaliza-
tion factor for the "a* particle production on a single nucleon
{this factor defines the contiribution of the strong interaction
mechanism), F_{t) {s the hadronic formfactor of the nucleus
(the formfactor Fs(t) takes Into consideration the correctinng
for rescattering and absorption of the primary and secondary
particles in the nmucleus).

As 1t follows from (A2.2) the cross section for the Coulomb
production of a particle is proportional to the radimtive cecay
width T(eshy}. Therefore the measurement of the Coulomb process
cross 8ectlon makes it possible to find directly the absnlute
value for the radiative width. The difficulty lies in singling
out the Coulomb process and Suppressing the strong interactlons
background.

Fig.26 shows the general structure of the cross section of
the Coulomb particle production. The Coulomb crogs rises steep~
1y with the decreasing momentum transfer. As 1s easily seen from
{A.2.2) the cross sevtion reaches its maximum at 1t l—ZItminX
and in this point (da/dtl e maxt | Sman! 'xP - AS the mitial mo~
mentum increases, cross section at the maximum grows as P ang
the maximum 1tself shifts to smaller values of t. Here it occurs
that the total value for the cross section of Coulomb particle
production grows logarithmically with Ph. On the other hand, the
cross section for a strong coherent process has a considersbly
wider t distribution, and , as a rule, it greatly decreases with
the growth of incident energy (im the cage w exchange - as P;_’}.
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 exotic hadrons

We shall conglder electromagnetic production of exotic vector
and isovector mesons with hidden strangeness C(1480)" 89 an
example of applying the Coulomb mechanlsm for the study of the
properties of exotic states

n o+ (Z, A) -+ C(148D)” + (Z, A). {A2.4)

The neutral component of this isovector multiplet G§(1480) - ¢n°
was observed with the LEPTON-F setup (211. The daiscussions of
the Coulomb mechanism in the search for exotic mesons, strongly
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praodustion in the muwleus Coulomb field:
a) amplitude diagrams for ooherent eleotru atlo
(Tcoulamb) and strong (T“m ) produotion of  C(1480)
mesons by primary pioms; b) general struoture of the
praduction orves section for the particles in coherent
interaotions with nuolei (see the text).
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ccrnected with the Ve channel may be found in [321. As compared
with hadronic process this precisely definite Coulomb mechanism
allowed one 10 carry out more reliable the partial wave anglysis
and to single out new mesons, (see [321).

The croas section for reaction (AZ2.2) turns out to be
proportionel to the radiative width IPIC(1480)"»n"y], which in
the vector dominance model (VDX) has the form

TIG(1480)" » #77) = m/(é/z)l(x’/xw):*r(cnwn)' -l =
= 3- . - ™ o
= !a/(gé/w)J(K_Y/Kw) T, -BRIC(1480)" - Tp)

o (7.4:10% KeV) BRIG(1480)™ ~ gx™). (A2.5)

Here K_, K_are photon and ¢ meson momenta for the correspon-
ding decay channels of C(1480) mason; T, = 13080 MevV its total
decay width; (gﬁ/u)as 13 the constant of the py iransition in
voN* -

¥hereof and from (42.2.) it follows

OO ) g oy =T L4 (2, ADC(1480)7+(Z, 4)1-BRIC(1480) ~gn do

2
c W

s 3
= ztmzz[uz <. ] {BR(C1480)" + @™ 1-T1C(1480) » m 7} =
M,

s 1t-t_ L N
s T [_F’&] IF, (4) 12t 2 emz® [uz—;ﬁ] * [BR{G(1480)~gn~ 1%«
Itmj_nl c

~ (7.4:10% Re¥)(In(A/it, . 1)-1.51. (42,6)

Here 1t i=(42-121/4 ¥2; A1-1072 GeV® (for Pb muclel); F,(t)
1s the electromagnetic formfactor of the (Z, A) mnucleus. For =a
lead target we have

*ihe ohannel C sur ; w ~y may aleo oontribute to the width

r{C{1480) +x 7]. However for the exotio 4-quark C-meson with
hidden etrangeness this ocontribution sesms to be small (besides

g;zﬂlzg;z) .



O G0 ) ooy © 2-5°10° KD-{BRIC(1480)™ ~» g 1¥®  (42.7)
(at p_ equal to 180C GeV).
The number oI the evenia N{C »pm) . which can be

i
SR coutamb
detected on the lead target with 4.10°' Pb  nuclel per om®

~ (1.4 g/eof) in the =~ meson beam Wwith the  momentum

1.5.10% CeV/c per 10 days of the UNK accelerator operation (the
detection efficlency belng e~0.5) 18

N(G™ -~ gn7) & 1.5.100 [BR(CT+pr~)I1%. (A2.8)
e
L xn f coutoms

If we mssume that for the C(1480)7-¢m~ identification >10%
events should be detected, then the sensitivity of this experi-
ment will correspond to the branching ratin BRIC »pm1¢4-1072,
It should be stressed that the observation of C(1480) »prn~ in
the Coulomb production would allow one to unambiguously
determine the partial branching BRIC(:480) »px”), which 13 qu-
1te Important for the Interpretation oI the nature of this
hedron state {(27].

The experiments on the hadron production by the =™ hyperon
beam In the nucleus Coulomb field will also provide a solution
for the problem of the exlStence of 8 narTow cryptoexotic baryon
2(3170), —(qqsss) with 1"(2 ) < 20 MeV  obgerved iIn tke reaction

Kp»n™ 2(3170) in sevez'al decay channels 2(.’3170)+ » ZKK + nws
ARK + nn; ZK + nw. The investigation of the mass spectru.m for
the final states on the coherent reactions of the type

£+ FD » (K + )" + PO (A2.10)

will allow one to search for 2(3170) baryons almost up to the
crogs sections o(%™ +Pb-z‘(3170) +Pb1BR (all detectable channels)
10732 em®/muclens

For the value of BR~O.1 the experiment sensitivity corres-
ponds to the radiative width of I‘iz(3170); > 2771>1 KeV. As it

Yl e 21 .
follows from VDR T[E(3170)¢+E’71 [Cl./(g;/m:)](K,T/Klp) rz,
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BR[I:;-Q)E'L 7or Ty 20 NeV BR(!:; ~ I7)~0.03 correspond to the
P
radiative width of 1 Kev.
In 8 more accurately detectable reactlon
"+ b » ;(3170); + Fb a2.11)
. gE
the sensitive of the experiment will corrgspond  to
BRIE(3ITO), » @E1 > G.O7.

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

T4 (2. A+ (ecud) 4 (Z, A) (42.12)

L~¢T\—
L'p.",.t_;a+u_
or
I7 + (Z, &) - (Bcddm)” + (Z, A). (A2.13)
(e
L‘p‘}f;a+a'
Coherent production of heavy states requires very high energles,
which may be avallable at the UNK only. Let us congider as an

example reactlon (A2.13) umder assumption, that for the E,#:
=(Ccdds) state the mass m(2¢)~5 Gev and F(Zw7”150 Nev.

Then by analogy with (A2.5) wusing VDN one may obtaln the
egtimate

C . = 3 e
T(E, « 277 fa/(g\zp/x)zcx,r/x@) (-2 ¥) (42.14)

(for (ﬁ/n)—:m, determined from the data on T (p » e*e7)).

In the same way as 1t was done sarlier for (A2.4) and (42.10)
one can easlly show that search for such Z(5000) » baryons in

reaction {A2.13) may be carried out with the sensitivity
corresponding to BR[Z(SOOD)Q) » I > 0.07.
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Appendix 3

SCINTILLATING FIBER VERTEX DETECTOR

Within the framework of our proJect on the construction of
+the vertex detector with geintiliating fibers (SCIFI) We have
studied the capillaries with liquid scintillator. Single
comporient scintlllator with local 1ight emission based on
methylnaphthalene with the scintillation efficiency 1.5 times
higher than that of a standard polystyrene scintlllator has
been obtained. For the capillaries with the diameter of 30 .m
the attenuation length a=50 cm (starting from the capillary
length of sbout 20 cm). In the absence of the light attehuation
~t photoslestron 1s produced from each capillary. A unique
quantum sensitivity of the image intensifier {(1I) (0.5}, large
light yield, high 1light trapping efficiency (=~7%), good
properties of glass cladding are among the sdvaniages of the
vertex detector.

The design of SCIFI with the diameter of 25 um and 250 co
considerably widens the range of ‘spplicsbility of this
technique.It allowed to construct precise track detectors up to
im or even a system of 10-20 ecm coordinate planes going to one
image intersifier.

A possibllity to use a number of SCIFI planes with the
readout by several charge coupling devices {(CCD) a3 a track
system for the vertex detector is being considered. In this case
three ¥SD planes (out of four) in each of the first six
atations of the verteX detector (fig.17) are replaced by three
SCIFI planes. The gizes of the planes and deflectlon angle
w.r.t. relative to beam 1s <{ne same a3 for MSD. One MSD plane
remains In front of each statlon to produce a trigger and im-
prove time resolution of the SCIFI system. Each SCIFI plane is
made of capillaries with the diameter 25 um, and the plane 1s
1.5 mm thick along the beam. The light from the flbers is fed
to three read out gystems, each containing three ITs and ope GCD
(586x1033 cells with the dimensions 15x15 umz). Each image in-
tensifier with  amplification on 8 microchannel plate (MCP) is
coptrolled by an external triggering signal. The image Teduction
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factor 1s K=2.5. R~1Q photoelectrons are produced along the
distance o0f 1=20 cm 1in the plane 1.5 mm thick.

The coordinate resolution 1s determined by the fiber diamster
and the number of photcelectrons on the track and 1t 1s equal to
a~5 wm. The two-track rgselution 1s 50 um.

Readout system. The deley in the image intensifiers 1s about
100 ns, and the time of clearing the image in CCD 183 1uS.
Therefore this device requires a trigger of the first level
(with the suppreasion of sbout 400 and the decision time ol
100 ns), which allows to start recording ihe information from
the vertex detector Into the GCD. With the trizger of the next
ievel the lmages are transferred into the memory section during
70 ps and 1s zipped by compressing the lines in such a way
that the plane would occupy one line in the CGB. 1In the memory
gection up to 30 events can he buffered.

The resolution time is determined by the fluorescence decay
time In first two IIs (<.80 na), 1n which the optical signal 1s
delayed untll a fast trigger is produced and the control signal
is fed to the MCP of the last II. The resolution time 1s ~150 ns
at control signal duration ~80 ns. The MSD planes improve the
time resolution up to <1Ong. The optoelectronic delsys which
which allow one to obtain the time redolution <10 ns have
slresdy heen created.

The desd time (1ms) 1s equal to the time of the readout of an
event when the frequency is f=10 MHz, At present there exists a
GCD with £>100 NBz (the readout tlme 1s¢oims).

The radiation reslstance 1s determined by the type of the
scintillator and 19 equsl to ~10% rad, which is much better than
that of semiconducting detectors, which may be used in the
vertex detectors. When necessary the liquid scintillator 1is
easily replaced.

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

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

A considerably smaller amount of electronics, the price
smaller DY an order of magnitude and high radiation resistance
are the advantages of the vertex detector with the scintillating
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ribers as compared with the MSD version. If 1t 1o realized the
mmber of the MSD registration chennels may be greatly reduced
(by 30-40%).

Appendix 4

VERTEX DETECTOR WITH CCD AND MSD

In this case the GCD 13 used a3 a detector, directly
detecting charged particles. The vertex detector scheme 1s
presented In rig.27. The vertex detector consists of 24 planes
of microstrip silicon detectors and 8 planes of matrices based
on the GCD : two jolnt GCD per one plane (16 GCD). The planes
are alternated with the target matter. The matrices ¢58x580
cells 20x20 pmz will be used as CCDs. In a two-sectioned ¢CD
the information from the accumutation section, installed in the
beam and detecting the events, 13 transferred 1in the memory
section and then 13 read out step by step. The cross section
dimensions of the vertex detector are 0.9%1.5 cm® (tWo
accumilation sections of Joint CCDI). The total number of the
working cells in GCD 1s 2.1 110°. The silicon substrate 1s 300 wm
thick. The GCD ceramic support 1s outside the target. The
longitudinal dimension of vP 1s 10 cm (0.05 nuclear length 0.1
radietive length). For our further caleculation we chose the beam
with the diameter of 5 mn snd intensity 107/s.

Each CCD plane 1s followed by three planes of microstrip
drtectors with a 50-100 pm step and characteristic dimensions
2x2 caf, located st 90° and 45° respect each other. The strip
detectors  serve to work out 8 trigger, necessary for CCD
control and additional coordinate Indication as devices having
better time resolution (10 na).

The resolution time 13 determined by the differential
smearing of the track at the moment of triggering signal arrival
(until that moment CCD 13 switched off) and 1s equal to 40D ns
(T=300 K) or 100 ns (T=100 K).

The dead time 1includes the time of transferring the
information from the accumulatlon sectlon to the memory section
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Fig. 27. The layout of the vertex deteotor with charge ooupling
devioes and miorostrip deteotors: T - target, [+o:1 I
oharge ooupling devioes, MSD - miorvstrip detectorsa.

bockground

Fig. 28. Blook-diagram for the readout electronics of the oharge
ooupling devices: OG - aontrolunit, VS - power supply,
B - drivera, AMP - amplifier, AP - analog prooessor,
PFADS - flash analcz-digital oconverter, P - prooeswor ol
background subtraction and preliminary processing,
DAN ~ fast memory, ocomp — oomputer.
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(50 w9) and readout time from the memory Section (12.5 ms st
=10 NAz). All CCDs are read -~ut in parallel. The CCDs with
>100 ¥Hz are being design . »* present, and correspondingly
the dead time will be reduced py an order of magnitude.

The maximum intensity acceptable for CCD 1s determinad by
the number of background partlicles during CCD sensitiviiy time.
Accordling to our estimates at the intemsity of 107/ and beam
halo of 10% 3x3 cm? (0.5% per memory section) the number of the
background cells will be <1300 (<1% of the area). Without helo
the number of background cells will be <500.

The pulse height 1s equal %o  345.10° electrons (potential
wall 10 wm, diffusion collectior from the depth of 30+50 pm) and
with account of the diffusion smearing it will be equal to
1.5:10° per cell. The noise msy be 50+200 electrons depending
on the temperature and readout frequency. The signal-to-nolse
ratio 1s 7+30.

The detection efficlency of single relativistic particle is
«1(0%.

The CCD allows one to measure two coordinates in one plane
with an accuracy 0.146 pm depending on the width of the charge
distritution over the cells and on the nolses, With o~lpm and 8
planes the vertex detector locslizes the track  with
8~a/B=0.4 pm.

The resolution between the tracks 13 <100um without loss of
ACCUPACY .

The radiation resistance i3 .3:10° rad, which corresponds to
the integral flux of 1.1-10'2 cm™®. With the given geometry of
the vertex detector this corresponds top 15 days of work &t the
flux of ~4-107. Hence the problem of radlation resistance 1s
connected with significant difficulties and should be studied
more thoroughly. With an account of the GCD switch off up to the
moment of the trigger arrival the radiation resistance might be
improved by an order of magnltude.

The electronics circult for CCD 1s presented in £1g.28, It
congists of a clock pulse generator, fixing the CCD working
mode, computer-controlled supplies, drivers to wark out
control pulses for CCD, amplifiers (Kam ~200), analog Processers
to suppress the noises with the frequency less than the resdout
frequency (10 WHz) and flash analog-to-digital converters to
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digitize the signals (5 biis, 50 MHz), microprocessors for the
pedestal levei subtraction and selectlon of the useful clusters,
Tast memories o store the pedestal level (~130 Kbyte/CCD) and
svents (~1 kbytes/event). The total amount of electronics for
GCDe will occupy 5 erates. It will be possible to use speciel
microprocessors for a joint operation of he microstirip detec-
tors and CCDs and track coordinate reconstruction in the
vertex detector.

Appendix §
GENKRAL BIOCK DIAGRAM OF DATA ACQUISTTION

Nain designations:

VD - vertex detector;

EMC - electromaguetic calorimeter;

HC - hadronic calorimeter;

RICH - Cerenkov ring image detector;

DC - minidrift chamiexs;

TRD - transition radiastlon detector;

FTC - flash trigger counters;

TI - 18t level trigger system (over average <Eﬂm>):

T2 - 2nd level trigger system (energy deposition jump AE);

T3 - 3d level trigger syatem (EJ:)FT c_“)',

T4-4th level trigger gystem (determination number of Iracks
snd vertices in VD);

IP - output buffers of data acquizltion system;

FEE - set of elactron modules;

AP - data readout and compressing processor;

0B - output buffera of the low level of data acquisition
system;

EB - Event Bullder;

REB ~ row data buffer;

P1- unlversal procesgors for event processing and final
declisgion;

OEB - processed data buffer;

ENP-processor monltoring data flux and recording out the
tape;

7
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T¥, - tape recorder;
“Host computer;
P#3.working places for persosnel;
H-LAN ~ Hyperon Local Ares Newtwork.
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Appendix 6

GOST OF THE MATN BQUIPMENT FOR THE EXPERIMENTS
ON THE UNK HYPERON EEAM

Cost
¥ Tiem kmil. roudbles)
1.] Tracking detestore (minidrifi chambers;
drift tubes .35000 chamnele) 4.5
2.| Vertex detector (eilicon miorostrip deteo-
wore, charge coupling devices, aointillating
fibre) 4.2
3. RICK Cerenkov aountere (3) 3.9
4.1 Sointillation hodosoopee and deteotors 1.1
5.] Cerenkov 7 deteotors of the GANS type
{3000 ohannelz) 4.5
5.| Scintillation calorimetere (.10° shannels} 1.7
R 7.| Speotrometer magnete 4.5
? 8. Oryogenic equipment Q.9
‘ 9.1 Traneition radiation detentors 3.1
‘. 10.| Yetal structuree, stands, weasurement
H synteme for magnetio fields, equipment for
§ the control board and laboratories 3.8
. 11.| Eleotronios (deteotion and data acquisition
system) 6.3
12,| Computers and their appliences 3.0
13.| Other expenditures 4.7
14.] Total oot 45.2 mLl.
roub.
(for 12 mil,
; roub. for
{ 0.0.)
v 15.| Extra hard ourrency expenditures o.ag mil\.,
hard roub.
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On Sharing the Responsibilities Among the Participant
(IHEP, TIEP, LINP, INPS MSU)

Sharing responaibilities among the Institutions:

1) IHEP - main contribution to Items 2 (0CD, scintillation
Iibre); 3; 5; 12 participation in 1; 4; 10; 11.

2) ITEF - main contribution to Items 6, T, 8 participation in
1; 4; 5; 10; 1.

3) LINP - main contribution to 1, 2 (silicon detectors). 9;
participation in 4; 10; 11,

4) INFS MSU - participation in 1, 3, 4, 5, 10. 11.

Approximate contribution of the Ingtitutes to the conatruction
of the facility

IHEP ~ 20%; ITEP ~ 30%; LINP 30%; INPS ESU . 10%.

This estimate is quite preliminery because of possible extension
of collatoration.
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