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Heavy flavor in heavy ion collisions

 Open heavy flavor:D,B, e, u € D, e,u €B
— Energy loss
— Thermalization
— Cold nuclear matter effects
e Quarkonia: J/Y, Y’ Y
— Melting
— Regeneration
— Cold nuclear matter effects
* (Exotic state?)
— Charmed baryon, tetra quarks, penta quarks...

Spectrum, RM/RpA(QpPh), V,, angular correlation...
Rapidity, p;, event activity, system energy, system size...
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D, J/vy, Y multiplicity dependence
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Open heavy flavor



Open Heavy flavor at mid-rapidity in p-Pb

* D meson R ,(mid-rapidity)
— CGC
— pQCD(EPS09)
— Shadowing + energy losss + k; broading(Vitev)
EHIZ—H

* Heavy flavor electron in midrapidity (-1.06 <y <0.14)
— Enhancement #&2&ah ¢
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m% 25 E_ p-Pb \ s, = 5.02 TeV, u*« c,b decays _E o:%‘ 25
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.pp JOr B meson

« CMSHSp-Pb TDB (> J/Y+X)ZBITE
— pp reference
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* B-meson reconstructed by
combination of
— Jhp (decay to muon pair)

— tracks (charged pion or kaon)
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Double ridge for Heavy flavor electron

e Electron-hadron(from D, B) correlation
— Double ridge structureZf& 2
— CGC? Hydrodynamics?
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dilepton in d+Au at RHIC

— Dielectron
* High mass, low mass high p, Cbh\b D& 5 Hdominant
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HF R,,: Au+Au vs. Cu+Cu
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D meson R, ,: Au+Au vs. U+U

e U+U
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D meson R,,: R,, vs. p; (RHIC & LHC)

* Au+Au
— High p; Tsuppression
— Low p;Tenhancement:recombination? Shadowing D %1 & ? Radial flow?
* Pb-Pb
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HFR,, and v, vs. Vs
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R, (B) AND R, (D)

* B-e
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Quarkonia
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J/Y vs. open heavy flavor in d+Au

 Forward
— J/, open heavy flavor C[RIFE E MDsuppression
* mid-rapidity, Backward
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J/Y in p-Pb@ALICE

i Inclusive J/{ o167
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J/Y in p-Pb
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Y (2S) in p-Pb
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Y (1S) in p-Pb

0 N L) L) 1 v i
& 14 i _VS_NN=5'°2 ASY Q9 14F LHCb -
B e Inclusive Jap—u*w’, p_ >0 (JHEP 02 (2014) 073) [a® C PP {5, = 5 TeV ]
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: 2:_ Shadowing: Y(1S): Eur. Phys. J. C (2013) 73:2427 0 2; A YS) ——— LHCb, Prompt Jhy E
T Shadowing: J/p: arXiv:1305.4569 al ]
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* ALICEELHCb Tinconsistent?
— REDHHEHATIE—H?
— ALICE: forward TJ/UFEE Dsuppression, backward THK A suppression
— LHCb:J/PIZ e Rsuppressionh LY, backward Tenhancement
— pp®DInterpolation MDA I ELS
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Y(nS) in p-Pb

* Pb-PblE&E DsuppressionlZ BN
— Pb-Pb@suppressionldsequential melting ?

— FHBIIZIEhigh multiplicity Tk Y Eﬁb\suppressmn
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J/Y R, ,: centrality dependence

* ALICEEPHENIX®D ELER (inclusive J/)
— LHCTILRHICIZEHIFIE L TULVELY
— LHCTlXrecombination®h3hLyTLVAD

1.4
} " Inclusive J/y — e*e’, Pb-Pb |5, =2.76 TeV and Au-Au |s, = 0.2 TeV
m 19 : @ ALICE (arXiv:1311.0214), lyl<0.8, p >0 GeV/c global syst.= = 13%

] 8 O PHENIX (PRC 84(2011) 054912), lyl<0.35, p >0 GeV/c global syst.= + 12%
] i i i A

06 E @ @

0.2
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mid-rapidity |y|<0.8
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[submitted to Phys.Lett.B, arXiv:1311.0214]
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* Low p;Cenhancement
— Recombination&consistent

* High p; ClXsuppression
mid-rapidity

forward rapidity

< C - :
< 1 4 [ Inclusive J/y—e'e § I ALICE inclusive J/y—u*y
m A PDb-Pb, ﬁsNN=2.76 TeV. ly_ 1<0.8, centrality 0-40% Ctn- 1.4 [ ® R, (203<y_ <3.53)x R, (-446<y_ <-2.96), {5,,=5.02 TeV
o [ p-Pb, \5,,=5.02 TeV, -1.37<y__<0.43 - C (preliminary)
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mo_ § § : r (arXiv:1311.0214)
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J/Y R, ,: comparison to models

* Regenerationt2 ! MEERIERZFHIR

mid-rapidity |y|<0.8 Forward rapidity 2.5 <y < 4

g [ ALICE Preliminary, inclusive Jiy—eve < 14r
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10 _ ] Transport model (Zheo et i, NudPhys.ABS0(2011)114) 1.2 W AUCE (arkiv:1311.0214), centralty 0%—20%, 2.5<y<4 global sys.= + B%
"= [ Transport model (Zhou et al., arXiv:1401.5845) i Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)
........................................................... 1

i - -~ Primordial JVy (w/ shadowing)

- = Primordial Jhp (w/ shadowing) 0.8 ,

= Regeneration Jiy (w/ shadowing) i B == FRBSUMSRINRINN oI S SSROND

0.4}, g

0.2 E .... f -------- ----"’Z::: 2=s23%8 0.2 _ \ .........................
vl SRR . : R S SN | Il N NN W W
o [ 2 4(GV/6)01X345678
: eV/c
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[submitted to Phys.Lett.B, arXiv:1311.0214] pT (GeV/C)
regeneration
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 ALICE

— Non-zero v, &2

— Recombination&consistent
e CMS

— High p; J/UTHnon-zero v,(~v,,.4~V,p) : Path length{&K7F 1% ?
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Bottomonium R, ,
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Summary

P-ALEAA U ERDFERD LLEA AT EE

>EETRATV-EHRDAER
Low energy, p/d-AB B2 DULNTHERRZEVGER
* Open heavy flavor

— p-p Multiplicity dependence: Multiple parton interaction?
— Ry RFREIIE RSN -> Ry, suppression [Eenergy loss
— Double-ridge in p-Pb: CGC? Hydro?
— energy dependence: enhancement, nonzero v, at Vs=64 GeV
— RyA(B) > RyA(D)
* Quarkonium
— P(2S) suppression at backward-> co-mover breakup?
— J/U R p, Vs Ryt enhancement at low p; - regeneration
— High p;J/b v,
— Y(nS)/Y(1S) in p-Pb: Pb-PblF&E D suppression & 519 >Sequential melting
— Y R,,: rapidity {K7E4?
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B meson in p-p
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Model constraint

DO Raa (30-50%)

In-plane

Average Raa (30-50%)
Out-of-plane
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PRL 111, 202301 (2013) P
\/

o J/PIZEERcentrality M RELVED e Ty micrapidit

= J/y Phys.Rev.Lett. 107, 142301 (2011)

A T THEL Ysuppression g L ........ x 'ff]f.'f?.’.i.‘ff‘?? _____________________________

e Crossing timeld+ 5% LY i ’ l '
™ Trom™0.05-0.15m/s o2 ase purmonvarns |

— Inside breakup ‘i%i':(l,\ % 2% 6 sN 10 92 14 16 18
— Co-mover [IZ&Bbreakup?

coll

1‘8- ] N b8 TV | TR |
L] L) [ [, — : D NA38 p+A :
e Multiplicity {&KF % S 16 " NASOp.A :
g A . HERA-B p+A 3
— 7 T ® PHENIXd+AuMB -
— 60 mover hadron J-._(:E’L<‘j: g 12 A NA50 Pb+Pb -
= F ~— T qf v NA38S+U 3
3 ren PHENIX - $ 93 _
Z 12 = § 0.8 TR z
§ - Hr—%- ] : =05 * ]
§ o.sf— %k T — %0.43— IT#M ]
E 0-5;_ % o NAS0 ' —; E 0.2 _ # é*\ ;
o 04— = E866/NuSea - 0 CPRL111 202301(;013) o ]
2 . { ® PHENIX d+Au B 1 100 1000
T 02— o B HIJING
&’ T PRL 111, 202301 (2013) F- Arleo ef al ] dNC.JanY=o

0 ri " X P S S S T |
-1

10
Proper time in nucleus (t) [fm/c]

2014/06/06 HIP/HICE FEITFE R 31




D meson R,,@LHC

* R, SEENBAGAVEsuppression
— medium® TDenergy lossIZLBED

« DJHITE
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D meson flow
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Y (2S) :PbPb
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J/W System size K17 £

o FEXOMEsuppression{EA]
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J/Y at low energy

[} R,,(200 GeV) PRC 84, 054912 (2011)

= Global sys.= + 9.2%

R,A(62.4 GeV) = PHENIX data/our estimate
Global sys.= + 29.4%

R,a(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%

STAR PHENIX&EH[ZLow energy TF
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J/Y in Cu+Au

e Cu-going&Au-going CTR7iHx
0—7
— Cu-goingfl [FAURI D x(LY
INELW)ETO—D 9 57-
&HAu-goingl ZEE R [R F 1%
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* Final state effect
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D-hadron correlation

* pp, p-PbTD-hadrontBRE % 8I%E
— Near side, away sideE—9 %2

» Detector upgrade(2018~ ? )& [ZA&4&AlE
— Energy loss, thermalization
— Cold nuclear matter effects MDFREE
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4 :_ Fit function: f(Ag) = C + @GSNS exp( - (QA;pz) ) @’;SAS exp(- (AZT;ZAS) ) _: § 3 E_ _E
| Parameter C (baseline) fixed to the weighted average of points in n/4 < xAp <m/2 | z o5 C ALlCE Preliminary 1
T E o =
5 TR T = SO S5 7 1.5 :— _:
B i 1 $ E
h . : :
L ] 0.5 : =
O_J L |_.1"'| P AR N A I.-III I A |\]'“r-4. n 0:2| L1 2 L1 6| L1 8| L |1|0| | |1|2| | |1|4| | |1|6| |:
-1 0 1 2 3 4
A (rad) pP e (GeV/c)
2014/06/06 HIP/HICE RIFEE 38




pp reference of Y

e ALICE pp refference

Approach used for preliminary results 5 25000
) ) . L =3 - ALICE Preliminary, Y (1S) cross section interpolation
* Energy interpolation at mid-rapidity ZLoooof Datasamples:
- \s=1.81leV, \s=1. ev,
— using CDF@1 8 TeV’ D0@1 96 TeV, E - CMS\s=276TeV,CMS \s=7TeV
CMS@2.76 TeV, CMS@7 TeV data & 1500(
— and several “reasonable” functional forms -
— but also pQCD FONLL calculation 10005_ ¢ Dma o
« Rapidity extrapolation 500~ v FONLLuppercumel
— Test and select many Pythia tunes using CMS - o
and LHCb data at 7 TeV 0 3 4 5 7
— With selected tunes extrapolate the mid-rapidity 18 {TeV)
point above to forward rapidity
s [T i
. . -c: 1 i { —*— CcMs j
Approach used for the publication T % N ]
x : 7 / 7 — Pythia normalize :
» Use data from LHCb [EPJC74 2835 (2014)]  Sos|— 1+ 0 =
* pp cross section at 2.76 TeV (2.5<y<4) sl e -
— LHCb measurement: [ mteeamey _ i
o[Y (1S)—pp]=0.670£0.025 (stat.)£0.026 (Syst.) 04| puemn o — ] ]
nb | COF {5=1.8Tev, DO Vs = 1.96 TeV, ]
I~ CMSVs=276TeV,CMS Vs=7TeV N
—ALICE extrapolation: 02— y-oxtiapolaton: Pythia6 4, % ]
o[Y (1S)—up]=0.46507"0 045 (extrap.) NI T T T T
+0.041 (norm_) nb 0 05 1 i5 2 25 3 35 4 4.5y
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e LHC
— Run2 :3EE5 A MLIFE
« $910fZDHEET
— Run3:

e ALICE,Detector upgrade:ITS, TPC, MFT....
— B, D-D correlation, A.....

* PHENIX
— Vertex DFEE
— SPHENIX
* STAR
— HFT: B/D separation,

— Muon telescope detector: e-u correlation for heavy flavor
correlation
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