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Heavy quarks and QGP

* Produced early in the collision
— They map the evolution of the medium

— Their measurements reflect the medium characteristics
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Open heavy flavour (HF)
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Open HF: status before 2" PbPb@?2.7TeV
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Hidden heavy flavours

arXiv:0901.3831
Y@2s) Y(39) Y'(2S) J/ ¥ Y(35)

AE(GeV) 0.05 0.20 0.54 0.64 1.10

* Onia state in a deconfined, colour
charged medium: Debye screening

— if A (1) <r, > screening = melting of the
bound state =2 yields suppressed

— Screening at different T for different states =
sequential melting

* Onia: thermometer for the QGP
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Charmonia: status before 27 PbPb@2.7TeV

* All suppressed, but no clear

* Interplay of hot and cold

* Quarkonium production in
pp is not fully understood

CMS/ o
i camelia.mironov@cern.ch

pattern/picture

medium effects

— Shadowing, nuclear absorption

— Regeneration, colour screening

— feed-down (p-dependent)

theoretically
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PbPb \s,, =2.76 TeV
m CMS: 6.5<p_<30 GeV/c, lyl<2.4
e ALICE: 2.5<y<4.0
AuAu \s,, =200 GeV
o PHENIX: lyl<0.35
‘ o PHENIX: 1.2<lyl<2.2
¥ STAR: p.>5 GeVlc, lyl<1.0
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Bottomonia: status before 274 PbPb@)2. 7TeV
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* data CMS PbPb s, = 2.76 TeV
— PDbPb fit Cent. 0-100%, |y| < 2.4
------ pp shape 0< p, < 20 GeV/c
p. >4 GeVic L, =7.28ub”

6 = 92 MeV/c? (fixed to MC)
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* ~50% feed-down contribution above p;>8GeV/c

* Excited states more suppressed than ground state
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PRL 107 (2011) 052302
JHEP 1205 (2012) 063 °©
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Muon reconstruction
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Electromagnetic 1| ) :”
}! "' Calorimeter g
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Hadron Superconducting -
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lron return y&e interspersed | ;E
Transverse slice with Muon chambers 3
through CMS e

e Muons: silicon tracker + muon subdetectors

— Tracker py resolution: 1-2% up to py~ 100 GeV/c
* Separation of quarkontum states

* Displaced tracks for heavy-flavour measurements
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di)Muon acceptance
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CMS Slmutatlon e

- PYTHIA + EviGen ¥ PHOTQS '

-pp Ns= 2.76TeV

Promp‘t J/qf - :

CMS Simulatlon
PYTHIA +EviGen+ PHOTOS
pp \'s =2.76 TeV

Y (1S)

* Single muons: p_. ~ 3-5 GeV/c for muon stations
—J/U:ppo. ~ 3 GeV/cfor |y| > 1.6

—Y:

camelia.mironov@cern.ch

Proin = 0 GeV/e for |y| < 2.4
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20d PHPb run at the LHC

cms, /|
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Dimuons with muon p+> 4 GeV/c
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Charmonia
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* Centrality (py, y integrated): smooth increase of R,
* 0-5%
* 60-100% factor ~1.4 suppression

CMS Prellmlnary o
” PbPb\/s\ =2.76 TeV
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R, , prompt J/ ¥ : double-differential
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chs, | - . CMS-PAS HIN-12-014
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1.4 CMS Preliminar
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PbPb\ /sy = 2.76 TeV
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R. Rapp & X. Zhao
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1
i Rishi,Vitev: 0-100% ]
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arXiv:1203:0329 + private communication

* High-p: no need for regeneration to describe data

* 'Treatment of onia energy loss similarly as open heavy flavour energy

CMs, /|

loss, without colour-octet included, is not supported by data
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¥ (2S) vsJ/ ¥ : PbPb 0-20 %
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* We do see ¥ (2S) at high-p, and low-p.. in PbPb

CMs, /|
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¥ (2S) vs J/ ¥: pp vs PbPb (0-20%)
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° 3<p <30 GeVic,1.6<lyl<2.4 N ¢ 65<p <30 GeV/c, lyl < 1.6
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o Low-p(<20):  R%}%((29)) = 1.5440.32(stat)+0.22(syst)+0.76(pp)
ams, | . CMS-PAS HIN-12-007 g
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-IJ/IP CMS Prellimilnary
PbPb \s,, =2.76 TeV
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R,.: Y(1S), Y(2S), Y(3S)

* First R,,?9 measurement_

1.4 CMS Preliminary, PbPbys, = 2.76 TeV
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i Centfallty lntegfated: 1'2:_ :YEZS; lyl < 2.4 ' _:
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— Y(3S): <0.10 at 95% CL 0 .
0.6~ + + 10-20% 5-10% 0-5% |

. ¢ + i

0.4_— +__
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0.2 + + -
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* Otrdered suppression 2 sequential melting

cMs, /| v
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Bottomonia: theory
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arXiv:1207.5327v2 Eur.Phys. J. A48 (201'2) 72

* Against religion: regeneration for the excited state, absorption/
shadowing to be considered
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Transition slide ...
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b-quark energy loss: non-prompt J/ ¢

Mihee Jo, Friday H
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CMS , CMS-PAS HIN-12-014
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R, Non-prompt J/ Y (B_’J /Y)

I 1.4 CMS Prellmlnary T TT TTT ‘ __m 1. - CMS ‘ ‘ Inay TTT ‘ T TTT ‘ TTT ‘ T 1.4k CMé Prellmlnary T 17T ‘ T 17T T T \;
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100 150 200 250 300 850 40 % 02040608 1 12141618 2 22 24 % 5 10 15 20 25 30
0 2.4

Noar

50- 100%

ly /¥ pY'¥ [Gevic]

0-10%

* Centrality (py, y integrated): slow decrease of R, ,
* 50-100%: factor ~1.4
* 0-5%: factor ~2.5

* vy (pp, centrality integrated): hints of less suppression at mid-rapidity

. pT(y, centrality integrated): hints of increasing suppression at high-p.

CMS _
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Non-prompt J/WP: double-differential

m 1 .4 _I T ICIMISI IPIreIIIIrIT]IInIaI.rIyI T T TT | T T TT | T TTT | T TT __ m 1 .4_I T ICIMISI IPIreIIIIrIT]IInIaI.rIyI ' T TT | ' T TT | T TTT T TT I__
- PbPb\/s,\=2.76 TeV i - PbPb\/s,\=2.76 TeV ]
12F — 1.2F -
- Non-prompt J/y i _ & Non-prompt J/i i

I8 o lyl<1.2 : 8 ]
Q8;+ + m 1.2<lyl<1.6 ] 08; ]
B ¢ 1.6<lyl<2.4 ] B & ]
0.6 — 0.6 —
N ¢ 6 i i ? + .
0.4 t ¢ - 0.4 i .
i + ¢ \ j i ' B
0.2 — 0.2 —
I 6.5<p <30 GeV/c i I 1.6<lyl<2.4 i

1 11 I | | | | | | | | | | | | | | | | 1 11 I_ 1 11 I | 1111 | 1 111 | 11 11 | 111 1 | 111 1 | 1 111 | 1 1 1 I_

100 150 200 250 300 350__400

Nour

100 150 200 250 300 350 _400

Noar

50-100% 0-10% 50-100% 0-10%
* 6.5<pr<30GeV/c:hintof * 1.6 < |y| < 2.4: hint of less
more suppression at forward y suppression for lower p

| camelia.mironov@cern.ch Quark Matter 2012, Washington DC SRS el bR 27




Light vs Heavy partons energy loss
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B—>] / ¥ : theory
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Summary: there is order ...
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1) Closed charm and beauty: Yes, we can!
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2) Open charm and beauty: Yes, it does!
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