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Study of open heavy flavor production at the LHC (1/4)
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Sample O(10%) of b cross-section




Study of open heavy flavor production at the LHC (2/4)

Non-prompt J/yp

Leptons from heavy quarks
Secondary vertex

N ;:’3
Primary vertex/
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Dileptons channel sample O(0.1%) of b cross-section




Study of open heavy flavor production at the LHC (3/4)

Non-prompt J/yp

Leptons from heavy quarks

Primary vertex/ Exclusive B meson decays

J/Iy+1(2) tracks decay channels sample O(0.01%) of b cross-section

Secondary vertex

H
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Study of open heavy flavor production at the LHC (4/4)

Non-prompt J/yp

b-jet reconstruction
b-tagged jet sample O(100%) of b cross-section
and ~70-90% of the b quark energy
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Non-prompt J/yp

b-jet reconstruction

Requirement: flexible trigger system, muon / electron detection,
secondary vertex reconstruction, jet reconstruction

H
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ATLAS detector

Ve Detector characteristics
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Barrel Toroid Inner Detector | Shielding

\ Hadronic Calorimeters

Pixel,SCT,TRT , o
Inl <2.5 Centrality determination

Muon measurement
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CMS detector

EM and calorimeters
photons, isolation, jet reco

Inner tracker:
charged particles
vertex, 1solation

Pb
HCAL nl< 5.2
ECAL Inf< 3.0
Tracker Inl< 2.5
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Bottom production at the LHC

Flavor Creation (FCR)  Flavor Excitation (FEX)  Gluon Splitting (GSP)

g b g b g b

g b g g g g

» LO b-b production (FCR) not At NLO

dominant at the LHC
Excitation of sea quarks = b(b) + light

/
L Hen:wig 6.5 arXHVéOS785-1937_ dijet, w/ b(b) at beam rapidity
[ 1 Gluon splitting into b and b which can
pp @ 14 TeV 1
— 0 also be reconstructed as a single jet
100 1000
p; [GeV]
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Flavor Creation Candidate (pp @ 7 TeV)

Secondary Vertex
with its Tracks

Primary Vertex

Secondary Vertices
with their tracks

selectedverices?

=Error| y yError zError
-0.11300{0.02296|-0.135955| 0.01 566 (-13.43250|0.01293 3| 3822 5] 1473
-0.74276(0.01959|-0.66300) 0.01 6471 (-13.111558|0.01011

Reconstructed secondary —
Vertlces from b and C quarks X =Error| oy yError| 2 zErrar| tracks| chiz| ndof] Mass

0.66114|0.01722| 0.23518|0.00724|-12.48443|0.03243 7l 902 7| 2055

CMS Experiment at LHC, CERN

Data recorded: Sun Aug 15 04:06:48 2010 CEST
Run/Event: 142971 / 343407290

Lumi section: 372

H
Yen-Jie Lee (MIT) RHIC & AGS Annual Users' Meeting 10 I I I I I



Gluon Splitting Candidate (pp @ 7 TeV)

Secondary Vertices i
with their Tracks

pre— = Muon

hcandidatesi/t<

® #Errar| v yErrar| 2z zErrar| tracks| chi2| ndof| Mass
0.52597|0.01713|0.10480(0.00384 |7.79365|0.03776 5| 8.942 G| 3184
CMS Experiment at LHC, CERN 0.14305|0.00549|0.20935|0.01729|6.56735|0.02554 G| 5.667 9| znzd

Data recorded: Fri Jul 30 07:23:52 2010 CEST
Run/Event: 141961 / 45761100
Lumi section: 74
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Study of open heavy flavor production at the LHC (1/4)

Secondary vertex

Primary vertex

H
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Heavy flavor muon identification

« Separate signal muons
(heavy flavor meson decay)
from pion and kaon decays

10<p, <14 GeV

Il <1.05
Muon Spectrometer i
Pwms 2: ﬁ_xi‘“-.ﬂ
Inner Detector 055" e
; 02 0 0}/ o.&
D Background P
« Momentum balance D
APloss __ PID — Pm™MS — Apcaio(p, 1, @) 1_ Simulation ]
= 08_ ATLAS Preliminary _
PID PID /' 06:_ My 10<p <14GeV
. . i | 'l -
e Scattering angle S|gn|flcance oal ll 1L M
- 0 2E ! H'm
si = qAGi /6™ §(k) = si— s IR T ]
Z Zk: ! %772 3 4 5
Jj=k+1 s

Take the maximum: S = max {|S&k)|,k = 1,2, ...}

ATLAS-CONF-2012-050
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Heavy flavor muon signal extraction

L1000 T et | 2 ' e PourbyE—-278Ten) ]
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two component fit ; {12 o ;
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Suppression of heavy flavor muons in PbPb

ATLAS-CONF-2012-050

Muon Rp VS muon p+ Muon Rep vs Ny
(60-80% as reference)

g;% 1.2_'--|H-|H- - L n:% 1-4:"I""I"'|-1"""""|"'I"'
= - = 1ol L dt=7pb Pb+Pb B
3 1 3 - ATLAS Preliminary \[Syn = 2.76 TeV ]
B 1L ]
0.8~ 5 %l Ml < 1.05 .
- 0.8 %’| -
0.6/~ - H)"L .
B 0.6— T%‘J %L ]
0.4 B 'H + §
" = 0-10% / 60-80% 04 ——4<p <5GeV %H =
- = 10-20% / 60-80% I - - 6<pr<7GeV .
0.2 L_Cﬂ = Tllb 0 o —— 8 < p <:E)(38\/ |
- - 20-40% / 60-80% o TR 10 < B <14 GeV -
= 40-60% / 60-80% ATLAS Preliminary - f | | ‘ 1 | | ]

PR TN T NN T SN S N NN SN SN AN SO ST TN N SN SN SO NSNS SN S NN SO WA L1 L1 L1 Ly L L1 L1 L1

% 2 4 6 8 10 12 14 O ~~750 700 150 200 250 300 350 400

p, [GeV] <Npar>

« Suppression of heavy flavor muons in central PbPb collisions
with respect to peripheral events is observed ( R.p ~ 0.4)
* Rcp ~ constant vs. muon p+

o
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Study of open heavy flavor production at the LHC (2/4)

2. Non-prompt J/p

Secondary vertex

Primary vertex

H
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Inclusive J/g production in PbPb
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Non-prompt J/p suppression in PbPb
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Suppression of non-prompt J/y in central PbPb collisions
with respect to pp reference is observed ( Ry, ~ 0.4)

Yen-Jie Lee (MIT)
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Study of open heavy flavor production at the LHC (3/4)

Secondary vertex

Primary vertex 3. Exclusive B meson decays

H
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B meson reconstruction

* B-meson reconstructed by E
combination of
« J/y (decay to dimuon)
» tracks (assigned pion or kaon mass, w/o PID)

-B*— J/P K*—p*p K+

K*
_ 456V {::? m = 0.89 GeV/c2 -
*Bs— J/ Y @—=p*tu KK

p* Primary Collision
Vertex

u-
m = 3.10 GeVic2

Jiy
m = 3.10 GeV/c?
- — K Jly
B* B* Decay - ppo v {::? m = 1.02 GeV/c?
Vertex B ¢ B, Decay
s Vertex

Primary Collision

Vertex Primary Collision
Vertex

m = 3.10 GeV/c2
Jltp

o
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Open heavy flavor production in pp collisions

5 GeV
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ATLAS and CMS have reported B meson (b baryon) cross-section
measurements in pp collisions (pr =5 GeV to 100 GeV)

Good agreement between pp data and FONLL calculation
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B meson production in pPb collisions at 5.02 TeV

CMS PAS HIN-14-004

Three component fit for signal extraction:

« Signal

e Combinatorial background from J/y-track(s)

* Non-prompt component from other

B-meson decays that form peaking structures
(e.g. in B* analysis, bkg from B°— J/y K)

First fully reconstructed B meson signal in heavy

ilon collisions!
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B meson production in pPb collisions

CMS PAS HIN-14-004
Raw yields are corrected by acceptance and efficiency

Acceptance Efficiency
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Differential cross-section
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pp reference : FONLL calculation is used
(agreement with CDF, ATLAS and CMS data)

http://www.lpthe.jussieu.fr/~cacciari/fonll/fonliform.html
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Nuclear modification factor : RpAFONLL

R (pr) r
pA FONLL
A X (dgde )y
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CMS PAS HIN-14-004

RA"ONHis compatible with unity within given
uncertamtles for the three B-mesons

H
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Study of open heavy flavor production at the LHC (4/4)

4. b-jet reconstruction (Anti-k; r=0.3)
UE background subtracted

I H N
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Tagging and counting b-quark jets

Secondary vertex tagged using flight distance significance

Tagging efficiency estimated oS o = 276 ToV
. . 5 rrrprrrrprrrrpr e p e e ey
In a data-driven way 10 b, 150 b - Data
Bl b jets

Purity from template fits
to (tagged) secondary vtx
mass distributions

80 < p, < 90GeVic Inl<2 - Cjets
0-100% [ ight jets

2
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Number of jets / 0.5 GeV/c?
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CMS HIN-12-003
CMS PAS HIN-14-007 ArXiv 1312.4198
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b-jet R "Y' in pPb collisions at 5.02 TeV

CMS Preliminary s, =5.02TeV L=35 nb

J L R B L R R B L
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2,
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—
o
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2
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I[Il]lllll[l

0.5
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100 200 300 400 b-jet P, [GeVic]
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CMS PAS HIN-14-007

b-jet R,,"Y"M* is compatible with unity within given uncertainties
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b-Jet R,, In PbPDb collisions at 2.76 TeV

CMS (Sun = 2.76 TeV
E T I I T | I T | I T T I I T I I T
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1L Mi<2 E i pp, 5.3 pb™ i
E ----------- E ------------ 0 i | I | ]
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100 150 00 550 100 150 200 250
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Suppression of b-tagged jets in central PbPb collisions with CMS HIN-12-003
respect to pp reference was observed ( Ry, ~ 0.5) ArXiv 1312.4198
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Summary of open heavy flavor production in ATLAS and CMS

2. Non-prompt J/p

4. b-jet reconstruction

H
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Summary: Raa cpy VS N

part

CMS Non-prompt J/y R, ATLAS Heavy Flavor Muon Rp
( 60-80% as reference)
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Summary: Flavor Dependence of Jet Quenching

Indication of RyA(B) > Raa(D) > RaA(TT) at low p+

(However, spectra slope are different)
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Summary: Flavor Dependence of Jet Quenching

Indication of RyA(B) > Raa(D) > RaA(TT) at low p+

(However, spectra slope are different)
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Replace non-prompt J/y results by exclusive B meson to fix the x axis scale

H
Yen-Jie Lee (MIT) RHIC & AGS Annual Users' Meeting 33 I I I I I




Summary: Flavor Dependence of Jet Quenching

Indication of RyA(B) > Raa(D) > RaA(TT) at low p+

(However, spectra slope are different)

} 2>_T | BY B | T L. 5.8 T T 0.8 | ! OO B ] TT1T 17T ] ) P PR I TT 1T I | NN T_4
C 1gF Pb-Pb, | s, = 2.76 TeV )
- ALICE ALICE
1.6 , -
- eAverage D°, D*, D |y|<0.5, 0-7.5% ]
1.4— owith pp pT-extrapoIated reference kit
- = Charged particles, n|<0.8, 0-10% .
1.2~ , Charged pions, |<0.8, 0-10% g
-: D " EI:IIS Prelir;inarj// (ﬁ —
O b->J/ o secondary J/op
. ! v Ini<2.4,p-100% .
0.4t - - —
0.2}
0: L1l 1 t ! Ll 1 l Ll 1 1 | Ll 1 1l I 1 1 1 J 0 = R l | - l L1l :
0 5 10 15 20 25 30 35 40
P, (GeV/c)
T

2.5

0.5

Indication of Ry, (b-jet) ~ Raa(all jets)
at high jet p-

CMS *PRELIMINARY PbPbys, = 2.76 TeV
J. L dt = 7-150ub™

—a— *Inclusive jet (0-5%) In| <2
—us— ‘*h4et (0-10%) |n| <2

lA‘A“+‘++* ++

100 150 200 250

300

P, [GeV]

b quark jet ~ inclusive jet (mainly gluon jets), contribution from gluon splitting?
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Outlook: Statistical Reach in 2015 and beyond

2011 2.76 TeV PbPb data (0.15/nb)
b-jet

2013 5.02 TeV pPb data (35/nb)

B meson -
e -
2015-17 5.1 TeV PbPb data (1.5/nb)
B meson -
b-jet _

| | | | | | | (I | | | | | | | 11 | | | | | | | 11 |

1 10 107 0°

P, (GeV)
HL-LHC (10/nb): (b)-jet quenching at O(TeV)
ttbar production
-+ Stay tuned!
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Backup slides
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Open heavy flavor production in pp collisions
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Good agreement between

POWHEG+PYTHIA and data
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B* production in pp collisions at 7 TeV

+
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Figure 1: Projections of the fit results in Mg (left) and ct (right) for p? > 5GeV and |y®| < 2.4.
The curves in each plot are the sum of all contributions (solid blue line); signal (dashed red);
prompt J /i (dotted green); and the sum of non-prompt J/4, peaking bb, and J /7™ (dot-dashed
brown). For better visibility of the individual contributions, the Mg plot includes a requirement
of ¢t > 100 ym.
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Supporting material for pp reference

Data agrees with the FONLL expectation at 1.96(p-
pbar, CDF) and 7 TeV(p-p, ATLAS,CMS)

Expect the same agreement at 5TeV collision also

I B N L e 1 U E | T I 1 T
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A £ 102 \s=7 TeV ;
~ 07 E il - —e— ATLAS, 2.4 b, |y|<2.25
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S O o e FONLL, |yl<2.25 .
S 0 L 1 107 o S
b E'
1 T T T 10'5_ :E 0.2 | I ] ] | [ —
5 10 15 20 )5 678 10 20 30 40 100
pr (GeViec) ATLAS resulet*  Pr[GeV]
 Phys. Rev. D 75, 012010 (2007) arXiv: 1307.0126v2
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Summary of optimal cuts

Variable for B-meson selection B* BO B,

v? confidence level of B vertex fit >0.013 >0.16 >0.037
distance between the primary and the B-decay |>3.4 >4.2 >3.4
vertices

cosine value of angle between the displacement | > -0.35 > 0.75 > (0.26
and the momentum of the B-meson in the

transverse plane

difference of the mass between track-pair and <0.23 <0.016

resonant meson (unit : GeV/c?)

H
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