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B And D Production at LHC
Test the predictions of QCD at leading and higher orders

Early measurements at LHC can have smaller
uncertainties than NLO QCD predictions

Useful to estimate an experiment’s sensitivity
for CP violation, mixing and rare decays

Understand background in searches for new physics

B-tagging is an important signature in many analyses

Detector performance studies, alighment, validation of
tracking and muon systems

b — J/1X covered by Andrea Coccaro (next talk)
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The ATLAS Detector

reducing the rate
from 40 MHz
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The CMS Detector

Superconducting Coil
4 Tesla B field
bend the paths of particles
Trackers compact design led to the detector’s name
1M Silicon strips, —
66M silicon pixels :

charged particle
vertex and trajectory

Electromagnetic Calorimeter
80,000 Scintillating PbWOs4 crystals

E/ direction e, y, neutral hadron |D

n| < 2.4

Iron yoke

Hadronic Calorimeter
Plastic scintillator copper sandwich

energy of hadrons
protons, neutrons, pions and kaons

Muon Chamber

Drift TubeChamber,
Resistive Plate Chambers,

Cathode Strip Chambers

n| < 2.4
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The LHCb Detector

Forward spectrometer 2<n<d3
Tracking stations Muon system
VELO: 5p/p ~ 0.35/— 0.55%

Primary and segcondary
vertex reconstructi o
. | M2
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30-50 fs | e \ \
Vertex

[Locator N
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Interaction....
point
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RICH detectors: Calorimeters:
PID: K, & PID: ¢, vy, n°
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Systematic uncertainties from luminosity measurement:

ATLAS: 11%

New systematics evaluation:

LHCDb: 3.5%

CMS: 4%

ATLAS: 3.2%
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Open Charm Production - LHCb And ATLAS

Cross-sections obtained from fully reconstructed decays of

D° D*, D** and D*

Yields measured for each decay mode in bins of pT and rapidity
with fits to the reconstructed invariant mass distributions

Discriminate between prompt and secondary D mesons

Efficiencies from MC studies and data studies

Measured cross-sections compared to theoretical
predictions and extrapolated to full phase space
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Open charm production (LHCDb)
0 <pr <8 GeV 2 <y <45 L =181 nb}!
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Trigger: events with minimal observable activity

3 ol LHOOPRII 2010y, g o Mass distributions determine D background fraction,
& [ \s=7Te oy =5.89 + 0.35 MeV/c? ] .

I ; In(IP) used to determine background from B decays
5 | o, =580« 044 Mevic? ]

100 | -

Results compared to theoretical predictions:
ol PYTHIA: LHCb tune
: BAK et al: B.A.Kniehl, G.Kramer, .Schiembein, H.Spiesberger
R Re e e wwm MC et al (aka FONLL): M.Cacciari, S.Frixione, M.Mangano, M.Nason, G.Ridolf
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LHCb-CONF-2010-013
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Open charm production (LHCb)

+c C. cross-section D*+c.c. cross-section
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Open charm production (LHCDb)

cross-section

D +C.C. cross-section

D;"'C-C- P o e B e 8»""I'"'I'"'I""I""I""I"":
% T ] Eeb o] % o e prtminary aon
e 0<p <8 GeV/c | 2.0<y<4.5 . 6; D*/ D; cross section ratio E
= I — ] 412.0<y<4.5 E
‘:R: 10 E _+_ 1l 4 E
i R : e E
s . [maieved e
- e LHCb Preliminary TE ot of- 0(0) Polynomial 5 fit: E
;ﬁhj(;ﬁcmune) E MG ot al _1; 0:+/0'Ds_= 2.32 +0.27 (stat) +0.26 (syst) é
P I A S B o
Data: 16% correlated error not shown o(D")/o(D}) =2.324+£0.27 £0.26
To leading order f(c — D7)/f(c — D) =3.084+0.70 (PDG)
o(D°) = 1488 + 41 + 34+ 174 ub = 1488 £ 182 b,  o(cE, D°) = 1280 + 36 + 151 = 150 b = 1280 + 216 b,
o(D*T) =676 £ 64 £ 21 £ 119 ub = 676 £ 137 ub, o(cc, D*") = 1474 4 140 £ 176 & 260 ub = 1474 + 343 ub,
(D) = 717439 426 4+ 98 ub = 717 4 109 pb, o(cc, D7) = 1474 4 80 4 164 & 202 pub = 1474 + 272 ub,
o(D}) =194 423 416 & 26 ub = 194 & 38 ub. o(ce, DT) = 1092 £ 130 & 151 4 147 ub = 1092 + 247 pb.

Combined average: o (cc), = 1234 -

Using PYTHIA to extrapolate to full phase space:

o(pp — ccX) =6.10+ 0.93 mb

|0

- 189 ,ub
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Open charm production (ATLAS)
pr > 3.5 GeV
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Trigger: minimum bias (MBTS) plus random trigger

Cross-sections include contributions from beauty

Results compared to theoretical predictions:

MC@NLO
POWHEG-PYTHIA 6.4
POWHEG-HERWIG 6.5

ATLAS-CONF-2011-017
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Open charm production (ATLAS)
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Open charm production (ATLAS)

Cross-sections in the kinematic region pr > 3.5 GeV' |n| < 2.1
0" (D**) = 2854 16(stat.) T35 (syst.) =31 (lum.) +4(br.) ub
0" (D¥) = 238 + 13(stat.) 33 (syst.) £26(lum.) & 10(br.) ub
0" (DY) = 168 4 34(stat.) T3 (syst.) + 18(lum.) 4 10(br.) ub

Total cross-sections extrapolated using POWHEG-PYTHIA
(after subtraction of the cross-section fractions originating from beauty production)

0! (D**) = 3.36 £ 0.19(stat.) 033 (syst.) = 0.40(lum.) £ 0.05(br.) " 25 (extr.) mb
o' (DF) =3.1040.17(stat.) 530 (syst.) 0.34(lum.) - 0.13(br.) T30 (extr.) mb.

cC

ol (D) = 1.90 £0.38(stat.) 70 5a (syst.) £0.21(lum.) £0.11(br.) 7523 (extr.) mb.

cC

Using POWHEG-PYTHIA to extrapolate to full phase space:

o2 =7.134-0.28(stat.) Tooo (syst.) =0.78(lum.) 7755 (extr.) mb
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A, (D") Production Asymmetry (LHCb)
L =37 pb !

Extracted from measured time integrated asymmetries in D*, D — hh

and using external constraints on Acr(KK) and Acp(n)
DY — Kn D* — (D% — Kn) =,

LHCb
Preliminary
vs =7 TeV Data

LHCb
Preliminary
vs =7 TeV Data

Events / (1.3e-3 GeV)
) (5] [=2] =~ [o]

[=]

[=]

o

x*nDoF: 1.12 ¥%nDoF: 0.93

Qs 1.82 1.84 1.86 7.68 1.9 1.02 0 2.006 2008 201 2012 2014 2016 2018
m(Kn) (GeV) m{Knn)-m(Kr)+m(D")___ (GeV)

D" — (DY — KK) =, D* — (DY — 7tn) =,

S 2200 < 700
& 2000 &
© 1800 LHCb v 600 LHCb
@ Preliminary o Preliminary
= 1600~y s = 7 TeV Data 500 \s =7 TeV Data
2 1400 'E
2 1200 5 400
1000 300
800
600 200
400
100
200

2.006 2.008 2.01 2.012 2.014 2.016 2.018 2.006 2.008 2.01 2.012 2.014

2.9I16 2.018
m(KK7)-m(KK)+m(D") __ (GeV)

m(nrn)-m(ar)+m(D )F'DG (GeV)

from Alexandr Kozlinskiy’s talk at Beauty 201 |
| 4
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A, (D") Production Asymmetry (LHCb)

AR%“ (Kﬂ') — [A(jp([(ﬂ')\ AD(]{?T)
RAW X (4 AN
A (A’ﬂ‘) — fl(jp(]‘(ﬂ') AD(I{?T) —|—AD(’JT<;) —|—AP(D )
ARJM (Iﬁ]{)* = ACP(I{K) -+ AD(?Tq) + AP(D*)
B (nr)* ) = \Acp(rm) HAp () + Ap(D),
3 ext. inputs 3 unknowns:
Physics CP asymmetries. Detection asymmetry of DO.

Acp(KT) assumed negligible Detection asymmetry of soft pion.
D? and D* production asymmetries

Ap(D°) = (—-1.08 £0.32 + 0.12)%

\ Stat error plus fully

_ Iz production asymmetry as function of pseudo-rapidity Summary of systematic uncertainties: propagate d errors
$ s= LHCD preliminary _ * Modeling of line-shape 0.04% on input quantities:
2F- * D% mass window 0.09% world averages of
' — * Multiple candidates 0.02% Acp(KK) and Acp(rn)
:; [ * Binning in (pt, n) 0.04%
= R ] o ’ 0
2 [ + Non-prompt D‘O S 0.06 OA) o evidence of strong
E * Total systematic 0.12% dependence of production
:g_ asymmetry on pseudo-rapidity
nof D

from Alexandr Kozlinskiy’s talk at Beauty 201 |
|5
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BB Angular Correlations (CMS)

B B -pair production as a function of the opening angle for different event scales

Reconstructed from displaced secondary vertices

A @ (difference in azimuthal angles of reconstructed B hadrons) AR — \/An2 + Ag¢?
n(B)] <2.0 pr(B)>15GeV |n(jet)] <3.0 L =23.1phb "

- - - =1
CMS \s=7TeV,L=3.1pb’ CMS \s=7TeV,L=3.1pb
~ =08 L L A L AL B EUSEESUSY R = S :||||||||||||||||||||||||||\|;| |\||||||\!1| |||||:
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b'e' M’ < 3.0 L e ba:105_ '_;_'ant|<3'0 N I—E—igg NN
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c 1 — — u = T ~=F_: |_.___|\ =
o 0 = = |_:_| = Jet 56G V © Eo |—I i : T l_i_l == \ N
—o— — ] T N NS Pr > € = 1 i_l—I—' NN |—E—| N
I~ —a— T . ; | TR .
i —— 4 l_I_| B 4 = = =
104 =0 l NN Jet 10 = == 5 R o '—I—_§
e —t— SR = pTe > 84 GeV —o— =0 e '_E NN li
C e — = F 00 NN = _ NN S
- I + * NN = | —e—i i N
i —e— 1—.—_ Jet 103:— —e— B N '_E_' I—E—rﬁﬂ—z
_ —e—— = NNNN\S ] NN\ H
o t et = B . NN N i
I = Data (p:et >56 GeV) x4 N 2 = Data (p:t>56 GeV)x4 N N '_E_'T
102__ o Data (p:et -84 GeV)XZ N 10 §_ [m] Data (p:et >84 GeV)X2 \\\\ |_|-_-|—_;
=+ Data (p™ >120 GeV) NN -+ Data(p;" >120 GeV) NN NN
- PYTHIA N\ - PYTHIA S S
10‘ Normalisation region N 105_ Normalisation region 1?}   N =
§,,,,|,,,,|,,,,|,,,,|,,,\,\|||‘| |11|; :||||||||||||||||||||||||||\|k|\\\i|kii|\|||||‘i;\|\ii|;||||:
0 0.5 1 1.5 2 25 3 O o5 1 15 2 25 3 35 4
A AR

The data exhibit a substantial enhancement of the cross-section at small angular separation

CERN-PH-EP-2010-093

Thursday, 14 April 2011


http://cdsweb.cern.ch/record/1329400?ln=en
http://cdsweb.cern.ch/record/1329400?ln=en

BB Angular Correlations (CMS)

Ratio and asymmetry between the BB production cross-sections in

AR < 0.8 and AR > 2.4

CMS \s=7TeV,L=3.1pb’ CMS \s=7TeV,L=3.1pb’
§ 4 _I T | T TTT | LI | LI | LI | LI | IIIIIIIIIIIIIII ] q— :0.7 _I T | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | IIIIIIIIIII ]
A [ p2>15GeV, I <2.0 ] A A F pE>15GeV,fl<2.0 ]
o L _] x| - ]
= 350 W <3.0 = o<'0'6 - *'<3.0 -
~ B ] I E - _
0 3 l — 2 80.5 — ]
é C ] é v [ ]
__ 1 o - _]
2.5 - ] = D<10.4 i ]
2F - 0.3f l -
1.5F - 0.2 —
1= - 0.1 .
N PYTHIA ] N PYTHIA ]
N B MadGraph . - B MadGraph _
0.5 = O .
"  Data ] - * Data ]
O _I | | || | L 111 | L1 11 | L1 11 | L1 11 | | | | | | | 1111 | 1 1 I_ _O 1 I | | 1111 | 1111 | 1 111 | 1111 | 1111 | 1111 | 1111 | 1 111 | 1 1 I_

70 80 90 100 110 120 130 140 150 " 70 80 90 100 110 120 130 140 150

leading jet P, (GeV) leading jet P, (GeV)

PYTHIA: tune D6T, CTEQ6LI| PDF
MADGRAPH/MADEVENT4, showering by PYTHIA

|7
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Inclusive b-hadron production with muons (CMY)
pr > 6 GeV Nt < 2.1 L =85nb"

Relative transverse momentum of the muon with respect to an associated low-threshold
jet is used to determine the fraction of signal events in a ML fit single-muon trigger
10°
> ?<| """" rrrrrTrTTT T ';' L L B L L B LI L BRI '5'12001""|""|"" T T
8 141~ CMS data - o - [T s ] CMSdata c [ [C_=_] cmSdata i
~ - — Fit (D - MC@NLO (CTEQ6M, mb=4.75 GeV) : MC@NLO (CTEQ6M, mb=4'75 GeV)| -
S 12 | = |- b - o) 103 o MC@NLO total uncertainty — P 1000__ --------- MC@NLO total uncertainty 7]
> e A P ¢ + light = ;L__'_ PYTHIA (MSEL 1, CTEQS6L1) : 4:; PYTHIA (MSEL 1, CTEQS6LA)
% 1 0:— V=7 TeV — ;? j* \'s=7 TeV muonInl<2.1 i 1\ 8001 \s=7 TeV  muon p,>6 GeV |
> L=85 nb"' '£ o T L=85 nb” < L=85 nb” i
8- ) 107 . E h [
i ! = : 2 600F -
- O Q -
4l or B I - S e
i | g oogenes IS - @
2 Q : : i e e
of = e _ 2001 b
L D| o X e, e i
L= . ] o< 1= SIS [ i
c. vy by by by | [T T T T [ T SN ST SO AN S TR TR SR N TR TR T W
012 8 4 5 0 10 15 20 25 30 R I
muon p}* [GeV] muon p_ [GeV] muon

o = 1.32 £ 0.01(stat) + 0.30(syst) =+ 0.15(lumi) ub

OMC@NLO — O.84f8:‘%8(scale) T 0.0S(mb) T 0.04(pdf) “l/tb
PYTHIA 6.422: tune D6T, CTEQ6L| PDF MC@NLO: CTEQ6M PDF
18 arXiv:1101.3512v1 [hep-ex]
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http://arxiv.org/abs/1101.3512v1
http://arxiv.org/abs/1101.3512v1

Inclusive b-jet production (CMS)
L =60nb""

b-jets identified using secondary vertices with > 3 tracks

18 < pr < 300 GeV y| < 2.0

efficiency: from semi-leptonic decays
purity: from a template fit to the mass of the secondary vertex

108 é':MS preliminary, 60 nb’ \s=7 Te\; CMS preliminary, 60 nb” \s=7TeV
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fit to: ratio data to PYTHIA in
30 < pr < 150 GeV |y| < 2.0
0.99 + 0.02 (stat) £ 0.21 (syst)

PYTHIA: good agreement
MC@NLO: shape differences

PYTHIA: tune D6T MC@NLO: CTEQ6M PDF
inclusive jet: NLOJet++, CTEQ6.6M PDF and fastNLO 19

b-jet / inclusive jet

min bias and single triggers

CMS preliminary, 60 nb” \s=7TeV
[ MC@NLO | ]
- Pythia Anti-k_ R=0.5 PF_

[ ] Exp. uncertainty
(centered on ansatz)
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ratio to inclusive jet production

(to reduce uncertainties from jet

energy corrections and
resolution and from luminosity)
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B-meson Production (CMS)

pp > 5 GeV

Events /(0.015 GeV)
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MCQNLO : 255722 b
Phys.Rev.Lett.106:112001,2011
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B-meson Production (CMS) B; — J/¢(u"p™ )Kg(n n™)

pr >5 GeV
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B-meson Production (CMS) B{ — J/¢(u"pn™ )op(KTK™)
8 < p? < 50 GeV lyP| < 2.4 L =40 pb~ !
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Summary of B-meson Production Cross-sections (CMS)

CMS Preliminary,\Ns=7 TeV Spring 2011

value + stat. + syst. + lum. error
(integrated luminosity)

pp— B' X
P >5 GeV, y|<2.4

28.3+24+2.0 +1.1ub
(6pb7)

pp— B® X
P:>5 GeV, |y|<2.2

33.2+25+3.1+13ub
(40 pb™')

pp— B, X = JIy 6 X 6.9+0.6+0.5 +0.3nb

8<P.<50 GeV, |y|<2.4 (x1000) (40 pb”!
Theory: MC@NLO
CTEQ6M PDF, u=(m’+p?)"?, m =4.75 GeV
I
50

B-Meson Production Cross Section [ub]
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Observation of B-meson Decays (ATLAS)

T T 1
BE - J/YK L= 3.4 pb~
Single and di-muon triggers

S\ _I LI | L | L | L | |||||||||||||||| | 9 120—_| I I I | I I I I | I I I I | I I | I I I I | I I I I_—
210000~ Vs=7TeV - 2 - imi = 52832+ 25, MeV -
E - L ) My, = 30956=02,, MeV E - ATLAS Preliminary : 93, Mevstat) ]
= 8000_ f aee i < 100‘_ \s=7TeV Ng. = 283: 22(tt) ]
ﬁﬁ i ATLAS i 6 80:— det =3.4pb’ —:
= - Preliminary - = - -
15 6000 1 5 ! Ly>300um
. _ 60— —

4000 . s0b- E
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5%00 5100 5200 5300 5400 5500 5600

myy(PDG) = 3096.916 £0.011 MeV  m,  (MeV) mps(PDG) = 5279.17£0.29 MeV  m,, . (MeV)
mpe, MeV Om, MeV Nsig kag S
B* 5283.2+2.5 39+3 283 +£22 13113  1.09 +£0.07
BT 5282.6+3.6 40+ 4 138+ 15 7011 1.12 £ 0.11
B~ 5283.7+3.3 39+4 146 £15 61 £8 1.06 £ 0.10
MC 5281.8+£0.2 39.8+0.2 1.100 + 0.003
Exclusive B cross-sections expected soon
24 ATLAS-CONF-2010-098
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800

Observation of B-meson Decays (ATLAS)
L =40.3 pb~ !
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with7cut 5279.6 +09 MeV 38.8+1.3MeV 2340 + 80 1330 + 60
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25 ATLAS-CONF-2011-050
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B-meson Production (LHCDb)

bb production cross-sectionin 2 <7 < 6 over full pT range

b—D°Xp~ v DY - K—xt  plp) >3 GeV pr(p) > 0.5 GeV

2D unbinned log-likelihood fit to m(K " 7n") & In(IP)
Separate fits for right-sign and wrong-sign combinations

Minimum bias trigger: at least one track Single muon trigger: pr > 1.3 GeV
1 —1
L =29 nb L =122 nb
30 T —T - T 1 T T 1 50— I I I 50—
a a
. 25 LHCD (a) & 40E LHCb / (a) 0 40
S 20 S ~
Z "1, 3 30 » 30
2 15 £ : £
g S 20 /- = 20
@ 10 1L i
. v 10 V% 10
.................... \
? e o I T T s = A TR T R BT
0= -4 =2 0 2 0% 4 2 0 > 076 2 0
In(IP/mm) In(IP/mm) In(IP/mm)

2% Physics Letters B 694 (2010) 209-216
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B-meson Production (LHCDb)

Cross-sections and comparison with theory
# of detected D'~ and Eo/fl_ events

o — Hp X)) = ,
(PP v X) 2L x efficiency x B(b — D°Xpu=v)B (DY — K—7)
50
Min bias trigger === MCEM 2 < n < 0
40} Muon triggered
_SeeL Average  — FONLL MCFM: MSTWS8NL PDF  89.0 ub
dosol ~I] - +39
dn FONLL: CTEQ®6.5 PDF 70.274, ub
(ub) 20
LEP fragmentation functions
10}
LHCb
O 1 1 1
5 3 4 5 6 Full 1 range

Ll
O‘(pp — HbX) — (75.3 + 5.4 £ 13.0) ,LLb
Tevatron frag. functions (896 T 64 T 155) Iub FONLL: CTEQ6-5 PDF 2531_519é4 ,Ub

MCFM:MSTWSNL PDF 332 ub

o(pp — bEX) = (284 +£20 4+ 49) ub  Tevatron numbers raise cross-section by 19%
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Fragmentation Fraction Ratios (LHCDb)

B - D 7", B =D K+, B) - D, n™"

L =235pb 1

contribution from

non-factorizable corrections
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from Niels Tuning’s talk at Beauty 201 |
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B; Production (LHCDb)

pZ >4 GeV 2.5 <n? < 4.5
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B Fraction from Inclusive J/@b Production
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B Fraction from Inclusive J/@b Production
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For analyses details see next talk
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D meson production in pp

Some Results from ALICE

Preliminary cross sections (with 102 m.b. events): D°, D+, D*
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PQCD predictions (FONLL and VFNS) describe the data
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Electrons from HF decay in pp

e 1.6x108 m.b. events

« Subtract background
cocktail from data

* Cross section of
electrons from charm
and beauty decays in
In|<0.8

« pQCD FONLL
prediction describes
well

 Qutlook: extend to
higher p, (beyond 10

GeV/c) using electron
ID in TRD and EMCAL

—

pp,Vs =7 TeV, L = 2.6 nb”

—— ALICE b,c > e
FONLL b,c — e

—
<
F N

1/2np. d’c/dp_dy [mb GeV?c?], |<0.8
T T

-
o
&

ALICE Preliminary

lIIllllIIlllIlIlllllIIIllII|llll|l

10°°
05 1 15 2 25 3 35 4

P. [GeVI/c]

33

-Aeuiwipid-¢Omd

TINO4 620

Thursday, 14 April 2011



ALICE's charm and beauty, pp

1IIIIllIIIl|IIII|IIIIIIIII|IIII|IIIIII

pp,Ns =7 TeV, L = 2.6 nb"

—— ALICE b,c > e

—#— ¢ — e+X from ALICE D mesons
[ ] FONLLb,c— e

[ ] FONLLc— e

-
<

—
=
N

620-Areulwuipid-eOMd

OF

1/2np_ d’c/dp_dy [mb GeV?c®], m|<0.8

—
<
(3]

ALICE Preliminary

HZa T1INO4

1 15 2 25 3 35 4
P, [GeVIc]

—
<
(=]

Good agreement at low p, (charm dominant) between electrons from HF and
electrons obtained by “decaying” the D meson cross sections
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ALICE heavy flavours in the muon
channel at forward y

UIWI3id-EOMd

» High quality s ueHF, pp @\s=7 TeV |
i e - MUON triggered data
track in the 5 -4<n<-2.5
: Blet " '
muon tracking 9 , — data
Syste m: N - FONLL prediction
* Matching with 10 —
muon trigger - Bl
system remove - e "
mOSt Of 10° = ALICE Preliminary
| B AR PR U S ST U AT U T T S S U N W S T S S A MO A
2

2.5 3 3.5 4 4.5 5 5.5

secondaries
about pT=2 GeV;

Muons from heavy flavour also agree
with pQCD FONLL predictions.
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