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ATLAS @ LHC

Weight : ~ 7000 tons
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U3mepeHne MHKNIO3UBHOTO poxKaeHna D u B agpoHOB B aKcnepumeHTte ATLAS

Inclusive D*#, D* and D.* cross sections (3 notes released)
B—>D™u X cross sections (Nucl. Phys. B 864 (2012), 341)

Reconstruction of D-mesons already feasible with first ATLAS data due to
- large cross-section values
- clean D-meson signatures
- precise ATLAS tracking and vertexing

Secondary vx

Muons are well identified and can be used for triggering
Interaction point

Important to measure production of D and B mesons

- to evaluate and calibrate tracking performance

- to compare production in pp and heavy ion collisions

- to test theoretical calculations

- to verify m_,, values and proton structure functions

- to realistically estimate c/b contributions to backgrounds for New Physics



D** D0n+—>(K 7t+)7r+ (+c.c.) reconstruction
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D*—K7*z* (+C.C.) reconstruction
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suppression of D and D! — 67t — (K- K') " (4c.c.) reflections:

remove AM;, < 150 MeV and [M(K="K7") — M(¢)ppc| < 8MeV

cosf*(K) > —0.8 (angle between F{K) in D* rest frame and 7 %) in the lab)
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with MC and PDG mass value



Combinations per 10 MeV

Combinations per 1 MeV

D.f — ¢n" — (K'K")x" (+cC.C.) reconstruction
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Visible (integrated) cross sections
pr(D™*)) > 3.5 GeV and |n(D™*)| < 2.1

ATLAS measurement: " (D**) = 285 + 16(stat.) "33 (syst.) =31 (lum.) £ 4(br.) ub
0" (D) = 238 + 13(stat.) 733 (syst.) = 26(lum.) 4+ 10(br.) ub
0" (D¥F) = 168 -+ 34(stat.) '3 (syst.) + 18(lum.) + 10(br.) ub

POWHEG-PYTHIA : o(D*") = 15375 (scale) ™12 (mg) T3 (PDF) "¢ (hadr.) ub
o (D*) = 13271 (scale)* {5 (mp) T1e (PDF) *1] (hadr.) ub
o (D7) = 59134 (scale) ' f(mg) g (PDF) *{(hadr.) ub

The corresponding POWHEG-HERWIG predictions are o(D*) = 135ub, o(D~) = 121ub and
o(DF) = 50 ub, while MC@NLO predicts ¢(D**) = 155ub, ¢(D*) = 138 ub and ¢ (D7) = 57ub.

Binning for D** and D* diff. x-sections
pr : 3.5 -5.0-6.5-8.0-12. - 40.

| : 0.0-0.2-0.5-0.8-1.3-2.1



dc/de(D*i) [ub/GeV]
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D** differential cross sections
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e Data within the range of the theoretical uncertainties

e Data inner error bars show statistical uncertainty, outer error bars show statistical and
systematic uncertainties added in quadrature

e Largest contribution to theoretical uncertainty from renormalisation and factorisation
scale uncertainties. Smaller sources of uncertainty due to mq, PDF and hadronisation

Detailed study of high-p; range would be interesting



do/dp_(D*) [ub/GeV]
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D* differential cross sections
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e Data within the range of the theoretical uncertainties

e Data inner error bars show statistical uncertainty, outer error bars show statistical and
systematic uncertainties added in quadrature

e Largest contribution to theoretical uncertainty from renormalisation and factorisation
scale uncertainties. Smaller sources of uncertainty due to mq, PDF and hadronisation

Detailed study of high-p; range would be interesting



do/dp (D) [ub/GeV]
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D** differential x-sections vs pp(D*™)
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FONLL predictions updated using
http://www.lpthe.jussieu.fr/~cacciari/fonll/
fonllform.html

modified by Matteo Cacciari on our request
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Charm Fragmentation Ratios
Extrapolation with NLO QCD:

02 (D**) = 3.36 £ 0.19(stat.) T 033 (syst.) £0.40(lum.) £ 0.05(br.) *§ 45 (extr.) mb,
0!2(D*) =3.10£0.17(stat.) 030 (syst.) £ 0.34(lum.) £ 0.13(br.) 5 g9 (extr.) mb,
oi2(D}) = 1.90 +0.38(stat.) T 050 (syst.) £ 0.21(lum.) £0.11(br.) T 23 (extr. ) mb,

0.28
strangeness suppression factor:
Ye/q = 0.35£0.07(stat.) 7003 (syst.) = 0.03(br.) " {03 (extr.)
fraction of D”* mesons produced in vector state:
P, = 0.63 +0.03(stat.) 303 (syst.) £ 0.02(br.) 5 o (extr.)

agree with the LEP results (charm fragm. universality):

EP fle—=D;) : -
r = (.23 + 0.02(stat. & svyst. ) +0.02(br.
Wi = Hc DT T fle= D) By (stat. & syst.) £0.02(br.)

- — DY) . |
P = UG - = 0.62 +0.02(stat. & syst. ) +0.02(br.
h fle=D )+ flc—=D")-Zp:_.por- { yst.) (br.)

12



Total charm cross section

ATLAS-CONF-2011-017 : Extrapolation with NLO QCD:

012 =7.13 +0.28(stat.) "9 ge(syst.) = 0.78(lum. ) "7 55 (extr.) mb

ALICE Coll., JHEP 07 (2012) 191
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B->D™u X measurement at 7 TeV

do(pp — HpX — D*puX’) fp, NP~ 1
dpr(D* 1) - 2eBL NpT

S Mmme
ND™k: number of reconstructed D* p pairs

fp: fraction of D*pu candidates from a single b decay (MC)

e: reconstruction, trigger and selection efficiency (MC 4 data-driven for trigger)
# . integrated luminosity of the collected data sample

% = total branching ratio Z(D* — D°r) - #(D° — Kn)

factor 2: NP™# counts both D*+p— and D*—p+

Apr: bin width

do(pp — HpX — D*nX’)
dpt(Hb)

vyvyvyYvYyYYvyYyYYVYY

< Unfolding with NLO MC

do(pp — HpX) & Decay acceptance with NLO MC and branching (PDG)
de(Hb) 14



B—>D™u X integrated cross section

> n
< 2000~ ATLAS Data 2010 _[ Ldt=33pb > 1200 T T T T T T T T T H
g - \s=7TeV « opposite sign D*u 7 (ch) - ATLAS ]
& S | B same sign D*u . o 1000[ \s=7TeV ]
o 1500 ) = ~ _ i
= - — fit - @ - ]
0 - ] £ 800[- Data 2010 I Ldt=33pb']
fit: N(D*1) = 4516 + 100 T B ST ]
1000/— B e oppositesignD*p |
- 600 [ Jb—D*u .
- - Blc:-Dc-u ]
5001 400 [ other sources -
u - (] comb. background -
- — 200}~ -
O_ L - L L L L | 1 1 1 1 | 1 ] — —
140 150 160 ol L e, O
m(Knr)-m(Kn) [MeV] 2 4 6 8 10

m(D*u) [GeV]

b— D*uX: 93.2+0.3%
2.5 GeV < M(D*p) < 5.4 GeV

c— D*X,Cc—pnY: 3.8£0.2%
b—D*tX(r—pnY): 1.51+0.1%

b— D*DX(D— pY): 0.9+0.1%

b— D*X,b— pY and D* + fake muon: 0.6 + 0.1%

pr(D*) > 4.5 GeV, pp(p) = 6 GeV, |n(D*)| < 2.5, |n(p)| < 24

data: o(Hp — D*uX) = 78.7 & 2.0(stat) & 7.3(syst) = 1.2(#B) £ 2.7(.Z) nb
PowhegPythia: o(H, — D*uX) = 5371 (scale)=3(m)23(PDF )% (hadr) nb

PowHEG+HERWIG prediction is 51 nb, while MCQNLO predicts 56 nb 15



do(H —D*uX)/dp_(D*1) [nb/GeV]

do(H,>D uX)/dp[n|)(D"u) differential cross sections

'I 0 E,_ I—.I— T | T T | T | LI | | LI B B | | LI 1—: % 60 [ T T T T I T T T T I T T T T | T T T T | T T T T ]
- ATLAS 1 S [ o Dam2oo [Lat-35p] ATLAS i
- ~ ol i o B ‘ 7
:—_ol \s=7TeV 4 = 5ok — POWHEG+PYTHIA \s =7 TeV _
. S [ e POWHEG+HERWIG ]
1 LLULTL e Data2010 _[ Ldt=3.3pb ™ fg [ - -~ MC@NLO ]
C —— POWHEG+PYTHIA i = 40 __—+— ]
S POWHEG+HERWIG 1 = C _+—_+— .
i ——=*-——--- ---MC@NLO _ ) . _
= 30f .
107 —= % ZELEEL L L L s [ ' N
E E zé_ 20 E—- ------- = z
- p,(D")>4.5GeV n(D")<2.5 $ = % [ p(D)545GeV MDY<25  leeseeeeeea o
102 p,(W)>6GeV  mn(w)i<2.4 . 1o 10 :— p.()>6 GeV (<24 —:
:1 |- I 11 1 1 I | | L1l 1 I 11 11 I 1 11 | 11 1 | : g : I I | | :
10 20 30 40 50 60 70 8( 0 05 1 15 > o5
p(D*n) [GeV] .
T | (D*)

NLO+LL QCD predictions are below the data
consistent within large theoretical uncertainties

Bayesian iterative unfolding (with NLO MC) from D*u bins to H, bins -

16



Total beauty cross section

Extrapolation with NLO QCD (factor 11*%°_ ):

o(pp — Hp)extrap = 360+9(stat)+34(syst)+£25(A)+12(.L) 5 (accept.Textrap.) pb

LHCb (Phys. Lett. B694 (2010) 209), extrapolated from 2 < n < 6: (HbeDOMX)

o(pp — bbX) = 284 + 20|,z.: & 49|, pb

LHCb (Eur.Phys.J. C71 (2011) 1645), extrapolated from 2.0<y < 4.5 (Hb91/¢X)
o(pp > bbX) =288 £ 4], + 48|, Mb

ALICE (hep-ex/1205.5880), extrapolated from p;>1.3 GeV,|y| <0.9 (Hb91/¢X)

o(pp - bbX) = 244 + 64| stat +50—59 | syst +7-6 | extrap ub

Measurements agree within experimental uncertainties

17



[Tony4yeHHble pe3ynbTaThbl:

e Results on inclusive D**, D* and D * production cross sections
and B>D™u X cross sections at 7 TeV have been confronted with

NLO+LL/NLL predictions

* Predictions are below the data although agree within large
theoretical uncertainties

o Extrapolated total charm and beauty production cross sections
at 7 TeV agree with other measurements at LHC

MnaHupyembie nsmepeHusa (ectb 3agen):
o Bcej/l’b D(*)(S) ) Bceu-l-u- D(*)(S)
e J1BarKAbl U TPUXKAbI TAXKEbIE DAPUOHDI

e AccouuMpPOBAHHOE pPOXKAEeHME KaIMbPOBOYHbIX HO30HOB U
TAXE/bIX KBAPKOB

e PoxpeHue aByx u 6onee nap TAXKENbIX KBAPKOB

18
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Predictions and expected cross sections

Monte Carlo with LO matrix elements and LL parton showering (PYTHIA)
- flavor creation (gg — QQ, 9 — QQ) . vosTEO—rv1vow—1 b
- flavor excitation (gQ — gQ, qQ — qQ)
- gluon splitting (gg — QQ)

I 3

9 TOCOOO———— 1 B

NLO+LL (matched) public codes: MC@NLO 3.41 — HERWIG
POWHEG-hvq 1.01 — HERWIG, PYTHIA

and for PDFs: LHAPDF 5.8.1

On request : FONLL (NLO+NLL)
GM-VENS (general-mass - variable flavour number scheme)
Expected : MC@NLO+PYTHIA, NNLO ?

MC@NLO, CTEQ6.6, m;, = 4.75GeV, m. = 1.5GeV, y, = py=myp = 1f-m-§i; + p?
1*’? TeV]| ow|mb] | ocz[mb]
0.9 10.0225| 0.891 Theor. Uncertainties
2.36 0.757 | 1.95 are Iarge
7.0 0.243 | 4.40
10. 0.345 | 5.68
14. 0.475 | 7.18 20

V5 dependence:




Comparison with NLO+PS predictions
POWHEG-PYTHIA, POWHEG-HERWIG and MC@NLO

ATLAS-CONF-2011-017

Hadronisation : HERWIG cluster model or | | LEP data
Bowler modification of Lund symmetric stat ®syst. br.

. . fle—D*") | 0.235 +0.007 =+0.003
fragmentat|on funCtlon f[{:'—.*ﬂ_} 0.222 +0.010 + 0.009

. . fle—D}) | 0.087 +£0.009 +0.005
Fragmentation fractions 6D 015 To020 ool

set to LEP data : f(b—D*) | 0227 +0.016 =+0.010
. — f(b—DF) [ 0.140 £0.016 =+0.008
Theoretical uncertainties :

® Scale uncertainty: The uncertainty was determined by varying the renormalisation
and factorisation scales independently to u/2 and 2y, with the additional constraint
0.5 < u/ps < 2, and selecting the largest positive and negative variations

® mq uncertainty: Vary the charm and bottom quark masses independently by 0.2 GeV
and 0.25 GeV respectively. Total mq uncertainty obtained by adding the positive and
negative cross-section variations in quadrature

® PDF uncertainty: Determined using the CTEQ6.6 PDF error eigenvectors. Total PDF
uncertainty obtained by adding positive and negative cross-section variations in
quadrature

® Hadronisation uncertainty: Sum in quadrature of corresponding fragmentation

fraction and fragmentation function uncertainties. The latter is determined using
POWHEG-PYTHIA and the Peterson fragmentation function, with extreme choices of

the fragmentation parameter 21



Comparison with FONLL and GM-VFNS predictions
ATL-PHYS-PUB-2011-011

FONLL predictions from M.Cacciari et al.
matched NLO+NLL calculations (developed from “massive” NLO)
use own fragmentation function fits but
the same (LEP) fragmentation fractions (f(c=>D), f(b—>D))
expected to predict larger and less uncertain x-sections w.r.t. POWHEG/MC@NLO

GM-VENS predictions from B.Kniehl et al.
developed from “massless” NLO
use own fragmentation function fits and own fragmentation fractions (f(c=>D))
only charm component (10-15% due to beauty contribution missed)
use y rather n (up to ~4% difference in the last n bin)
only scale uncertainties (dominant)
expected to predict ...

Ideally, FONNL and GM-VFNS predictions should be close to each other

22



D** differential x-sections vs 7(D*¥)

E 300 _I T T | T T T | T TT | LI | T 1T | LI | T T | LI | LI | T T | I_

= - ATLAS Internal fs=7TeV L, ,=11nb" J

1 250 — ® Data 2010, 3.5 <p (D**) <20 GeV —

95 B = FONLL  =on MC@NLO ]

o o0 v GM-VFNS, only charm POWHEG-PYTHIA 7]

ST S N ]

150 S R |
100
50

0 L1 1 | 11 | L1 1 | L1 1 | 11 I 11 | L1 1 | L1 1 I 11 | 111 | 1

0 02 04 06 08 1 12 14 16 18 2+

m(D*)|

E‘ 300 _I T T | T T | T TT | T T | LI | T T | LI | T T | LI | T T | I_

= - ATLAS Preliminary Vs=7TeV L, =11nb" 7

47 250 — ® Data 2010, p (D*)>3.5 GeV —

D:;_' B = FONLL == MC@NLO ]

T oo00 L v GM-VFNS, only charm POWHEG-PYTHIA ]

SR o -

150 R ]
100
50

0
0 02 04 06 08 1 12 14 16 18 2

m(D*)

31 200 _I T | T 1T | 1T | 1T | T T | 1T | 1T | T | T TT | LI | I_
= - ATLAS Internal fs=7TeV L, =284nb" -
g1 000 » Data 2010, 20 < pT(D*i) <100 GeV —
£ - ]
0
5 800 - ~
- B _
ISR -

400

200

02 04 06 08 1 12 14 16 18 2
(d™)I

o
o

FONLL predictions updated using
http://www.lpthe.jussieu.fr/~cacciari/fonll/
fonllform.html

modified by Matteo Cacciari on our request
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D* differential x-sections vs (D7)
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modified by Matteo Cacciari on our request
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(Hb) [nb/GeV]

do(H,>D uX)/dp[n])(H,) differential cross sections
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NLO+LL QCD predictions are below the data

consistent within large theoretical uncertainties

Branching (PDG) and decays acceptance correction (with NLO MC)

for H.>D*u decay -

25



b

)idp_(H) [nb/GeV]

X

b

do(H

—
o
w

—
o
™o

—_
o

do(Hb)/de(/n/)(Hb) differential cross sections

- ¢ Data2010 J- Ldt=3.3 pb'
—— POWHEG+PYTHIA \s=7TeV
----- POWHEG+HERWIG
- MC@NLO

A

T | T
ATLAS

[ p,(H,)>9 GeV n(H )<2.5

H T T T T I T I T T I T T T T | T T T T I T T T T E : 25
::l‘: ATLAS . f i
" \s=7TeV 1 2 -
= e = S 20
. e Data2010 J.Ldt=3.3 pb'J o

i —— POWHEG+PYTHIA ] =

----------- POWHEG+HERWIG o 1 5

= - - MC@NLO = =

- 3 =

- T | =y

- 1 X, 10f
— - I

= = © L
- — -c |
- p(H)>9GeV n(H )|<2.5 - e J 5

I 1 1 | 1 L 1 1 I L 1 1 1 I 1 1 1 1 I 1 1 1 L | 1 L 1 1 I 1 1 :
10 20 30 40 50 60 70 80

p.(H) [GeV]

0.5

Systematic uncertainties are larger due to theoretical uncertainties
of NLO MC used for the acceptance correction ()

priHy) = 9 GeV and |n(H)| < 2.5
Integrated values:
data:

PowhegPythia: o(HxX) = 22.27%

o(HpX) = 32.7 £ 0.8(stat) + 3.1(syst) 5 g(a) &+ 2.3(B) + 1.1(.L) ub
2(scale) 35 (mp) 33 (PDF) % (hadr) ub

26



Events / 2 GeV

Events-Fit

7000

6000

5000

4000

3000

2000

1000

30

S

20

S

10

o 3

-10

-20?

S

ATLAS Preliminary

-+- Combined observed
-- Combined expected

\s = 7TeV, |Ldt = 4.6-4.8 fb”
\s =8TeV, [Ldt = 13 fb"

| ! 1 |
ATLAS Preliminary
W,Z H — bb

s =7 TeV: [Ldt= 47 b
\s =8 TeV: [Ldt= 13 6™

H— 1t
\s=7TeV: [Ldt= 461"
\s =8 TeV: det 13rb‘

H— WW" = viv

Ve =8TeV: [Ldt=13 1"

H— vy
\s =7 TeV: [Ldt 481"
\s=8TeV: |Ldt=13"

H-zZ" = al

Vs =7 TeV: [ Lt = 4.6 b
\s =8 TeV: |Ldt= 13"

m, =125 GeV

H

|

Combined
Vs=7TeV: [Ldt=46-48M"
\s=8TeV: [Ldt=131b"

w=1.35+0.24

——

-1 0 +1
Signal strength (u)

>
E - ' - - v = > T — ] 3501
: Selected dptoton sample S & 1200 ATLAS Preliminary 4 sacomesn o |
= ata +. - F - =
E Sig+Bkg Fit (m =126.5 GeV) 3 = F vs-sTeV, | Ldt= 13.0 fb" |:| H {125 Gov] ] 2t
E -= Bkg (4th order polynomial) — ‘;‘ 1 00: ) T - 540j
= ATLAS Preliminary 3 £ b HoWW' —evuvipvev (0/1 jets) . C
E 3 ® 80 - C
E = w r . 30—
E-is=7TeV, JLdt 481" — 60 7 L
? \s=8TeV, JLdt 130" E 40_'_ _: 20;
: J\u ] T _: |
. +++ +++ = +T++++ A v ++E oF :
+ = C PR RS T N SR W T TN S ST S N S SN S Bt '

% + + + ) + t 3 50 100 150 200 250 300
0 10 120 130 140 150 0

m,, [GeV] my; [GeV]

200

ATLAS Preliminary
« Data
[l Background 22"
[l Background Z+ets,
D Signal (m =125 GeV)
%% Syst.Unc.
H-zz"'—al
\s=7TeV:|Ldt = 4.6 o'
\s=8TeV: |Ldt= 13.0 b

|

27




	Современные исследования в ЛВЭ ОЭФВЭ
	ATLAS @ LHC
	Измерение инклюзивного рождения D и B адронов в эксперименте ATLAS
	D*+→D0π+→(K-π+)π+ (+c.c.) reconstruction
	D+→K-π+π+ (+c.c.) reconstruction
	Ds+ → ϕπ+ → (K-K+)π+ (+c.c.) reconstruction
	Visible (integrated) cross sections
	D*± differential cross sections
	D± differential cross sections
	Слайд номер 10
	Слайд номер 11
	Charm Fragmentation Ratios
	Total charm cross section
	B→D*+μ- X measurement at 7 TeV
	B→D*+μ- X integrated cross section
	dσ(Hb→D*μ X)/dpT(|η|)(D*μ ) differential cross sections
	Total beauty cross section
	Слайд номер 18
	Back-up Slides
	Predictions and expected cross sections
	Comparison with NLO+PS predictions� POWHEG-PYTHIA, POWHEG-HERWIG and MC@NLO
	Comparison with FONLL and GM-VFNS predictions
	Слайд номер 23
	Слайд номер 24
	dσ(Hb→D*μ X)/dpT(|η|)(Hb) differential cross sections
	dσ(Hb)/dpT(|η|)(Hb) differential cross sections
	Слайд номер 27

