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The reference: D in pp

ALICE, arXiv:1605.07569
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* DY measured to pt=0

* Any hope for the theory uncertainties to decrease in the future?


https://inspirehep.net/record/1465513
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D° to p1=0 also in p-Pb

* Binary scaling of total charm cross
section seems to hold in p-Pb

» yet beware of large uncertainties

* Rppo compatible with CNM models
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D at forward rapidity in p-Pb
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 LHCb measured sizable suppression at forward rapidity independent of pr

* Consistent with shadowing (EPS09)


https://cds.cern.ch/record/2138946

B at forward rapidity in p-Pb

LHCb, JHEP 02 (2014) 72
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* Measured via non-prompt charmonia

* No strong modifications at forward nor backward y


http://inspirehep.net/record/1251899
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* CMS fully reconstructed B+, B° and B%
* No strong CNM effects for pr>10 GeV = '®

» also for inclusive B via non-prompt J/{

» anything happening towards low pt?
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ALICE, JHEP 03 (2016) 081 ALICE, JHEP 03 (2016) 082
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* At RHIC: Raa>1 at low pr a sign of radial flow, what about LHC?
* Mass ordering at low pr (as expected for QGP energy loss)
* Indication of less suppression for Ds (canonical suppression of s in pp)

* Heavy and light flavor exhibit same suppression at high pr
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D Raa VS. Vo
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* Collisional energy loss models produce a lot of vo but overestimate Raa

* Adding radiational energy loss helps for Raa but underestimates v»

ALICE, PRC 90 (2014) 034904
ALICE, JHEP 03 (2016) 081
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J/P & D v2 scaling?

ALICE found “hint of v»”

» as expected for recombination

CMS measured significant vz go'zs
» though only above 6.5 GeV/c 02}
» measurement also for 3<pr<6.5 GeV/c
» high-pt V2 — path-length dependent 015
suppression
Taking all results together
» J/P has non-zero vo o
Comparison to light hadrons and D 008

What about the nq scaling?

» approximate scaling for D (charm flows
as much as the light quark?)

» no such scaling for J/ above 1 GeV

» | am completely ignoring uncertainties ©
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* CMS reconstructed D mesons down to pt=2.5 GeV

» slight discrepancy with ALICE in Pb-Pb at 2.76 TeV when using the same reference

* Run-Il: DY trigger with online reconstruction in the HLT

» extending measurement to 2 to 100 GeV
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* CMS reconstructed D mesons down to pt=2.5 GeV

» slight discrepancy with ALICE in Pb-Pb at 2.76 TeV when using the same reference

* Run-Il: DY trigger with online reconstruction in the HLT

» extending measurement to 2 to 100 GeV
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* Clear mass ordering for pr>7 GeV

* Difference between D and B well explained by quark mass dependence of
energy loss
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* No significant modification of bottom jets in p-Pb within large uncertainty
of pp reference

* Suppression of b jets in Pb-Pb as strong as light jets

» might see mostly gluon splitting, need to look for b dijets...
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Quarkonia



* Measured Rpa at forward and backward rapidity

» no pp data at 5 TeV, reference from interpolation
» ALICE and LHCb roughly agree
» strong suppression at forward
* agreement with shadowing only, but also with models that include parton energy loss

» no strong suppression/enhancement in the backward region
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* No significant CNM effects at high pt (hone expected)
» discrepancy between ATLAS and CMS at intermediate pt (<10 GeV)?

* Rppb based on interpolation with large uncertainties

» wait for update based on pp measurement at proper energy
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* No significant CNM effects at high pt (hone expected)
» discrepancy between ATLAS and CMS at intermediate pt (<10 GeV)?

* Rppb based on interpolation with large uncertainties

» wait for update based on pp measurement at proper energy
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High-pt p(2S) in p-Pb

ATLAS-CONF-2015-023
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* At high pt and midrapidity: hint of opposite behavior of P(2S) to J/Pp double
ratio in peripheral p-Pb collisions

» disappears in central collisions
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Open vs. Hidden HF in AA

* A brief reminder: Sequential melting a la Satz:

» less closed than open HF

» not: less closed HF in AA than in pp

* At RHIC: open charm scales with Ncoit = Raa(J/P) = J/p / D in PbPb

» ignoring the large uncertainties on open charm
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ALICE Pb-Pb (s, =2.76 TeV Inclusive J/ )

global syst.= + 13%

B Jvy — utu, 2.5<y<4, 0<pT<8 GeV/c global syst.= + 15%

no low pt open HF data at LHC yet!
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Open vs. Hidden HF in AA: high p

* But how to compare open and closed HF with pt cuts?

» not trivial to select kinematic region of interest: same quark prt, same hadron pr,...?

e Similar suppression for “high-pt” D and J/{
(energy loss rather than screening?)
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J/V in Pb-Pb

B ALICE, 2.5<y<4, 0-20%

¢ PHENIX, 1.2<|y|<2.2, 0-20%
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* First time that J/Y are less suppressed at low prt than high pr

 Also visible in raa = (P aa/<PTpp

* Models including regeneration component describe data well
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Puzzling results from CMS

» high pt and midrapidity: as
expected

» more forward rapidity and prt>3
GeV: hint of relative enhancement

» Data not precise enough to
conclude yet

ALICE data not precise enough
either to confirm or rule out

What will happen at 5 TeV?

Regeneration in hadronic phase
would favor P(2S):

» PBM and K. Redlich,
EPJ C16 (2000) 519

» Xiaojian Du and R. Rapp,
NPA 943 (2015) 147

3-CMS PbPb & pp |'s = 2.76 TeV
- e 3<pT<30 GeV/c,1.6<lyl<2.4
- ® 6.5<p <30GeV/c, lyl<1.6

=
— 95% CL

- Cent.
| 0-100%

|
1=t
I | | I |
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CMS, PRL 113 (2014) 262301
ALICE, arXiv:1506.08804
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* Puzzling results from CMS

» high pt and midrapidity: as
expected

» more forward rapidity and prt>3
GeV: hint of relative enhancement

» Data not precise enough to
conclude yet

* ALICE data not precise enough
either to confirm or rule out

 What will happen at 5 TeV?

* Regeneration in hadronic phase
would favor P(2S):

» PBM and K. Redlich,
EPJ C16 (2000) 519

» Xiaojian Du and R. Rapp,
NPA 943 (2015) 147
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Y in p-Pb

D:ii 16  ATLASPreliminary
e p+Pb \sy =5.02TeV -
1.2 4H7 E

L JéL ------- e i
0.8 % ‘E EH —
0.6 —

- $ATLAS, Y(1S), p,_ <40 GeV .
0.4 wLHCh, Y(1S), p, <15 GeV E
0oL  +ALICE, Y(1S), p_>0 GeV -

():: | | | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | L :

-4 -2 0 2

ATLAS-CONF-2015-050
ALICE, PLB 740 (2015) 105
LHCb, JHEP 07 (2014) 094

p

y

*

Rpr

1.4

1.2

0.8

0.6

0.4

0.2

N _ -~
2/ //// 0
S N

ALICE p-Pb | sy, = 5.02 TeV, inclusive Y(1S)—-u"w, p. > 0
Ly (446 <y  <-296)=58nb", L, (203<y__<3.53)=5.0nb"

ST

\\\\\\\\\\\\

_|||||||||||||||||/L/( 2

OO
RRRRRRRNNNY
SO

CEM+EPS09 NLO (Vogt, arXiv:1301.3395 and priv.comm.)

Eloss (Arleo et al., JHEP 1303 (2013) 122):

B Eloss
1 ELoss + EPS09 NLO

4 3 2 -1 0 1 2 3 4
ycms

backward O —» €— O forward
Pb

* Observed suppressions consistent with shadowing

 LHCb and ALICE results seem to give different message but agree within

uncertainties
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Y(nS)/Y(1S) Double Ratio in pPb

CMS, JHEP 04 (2014) 103

~ CMS pPb |s,,, =5.02 TeV CMS PbPb \s, =276 TeV
- @ IyCMI <1.93, L =31 nb™’ = IyCMI <24, L=150 Mb'1 i

V¥ 95% upper limit i
PRL 109 (2012) 222301—

pi >4 GeV/c -

.

]

Y (2S)/Y(1S) Y (3S)/Y(1S)

. Pb-Pb: PRL 109 (2012)

» slightly different rapidity (lycm|<2.4)
» 2011 pp dataset

* Double ratios in p-Pb larger than in PobPb

» suggests additional final effects in PbPb

» but: model dependent extrapolation from
pPb to PbPb

* p-Pb vs pp:

» double ratio less than unity
(significance <30)
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Y(nS)/Y(1S) vs. “event activity”

CMS, JHEP 04 (2014) 103
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Single Ratios corrected for
acceptance and efficiency

Measure event activity at

* Forward rapidity (4<|nias|<5.2)

» YEt in Hadronic Forward Calorimeter
» weak dependence

» independent sets consistent with flat
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Y(nS)/Y(1S) vs. “event activity”

CMS, JHEP 04 (2014) 103

tracks

Single Ratios corrected for
acceptance and efficiency

Measure event activity at

* Forward rapidity (4<|nias|<5.2)

» YEt in Hadronic Forward Calorimeter
» weak dependence

» independent sets consistent with flat
* Midrapidity (|nias|<2.4))
» Nuacks: multiplicity in silicon tracker
» significant decrease with multiplicity
* Two options to explain results at
midrapidity:
» Y affects multiplicity

e ground states comes with 2 tracks more
than excited state

» multiplicity affects Y

 activity around the Y breaks the state
(comovers?)

 Consequences for PbPb?! »7
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* Things | didn’t have time to talk about:

» (di)leptons from semileptonic HF decays
» D-hadron correlations

» Multiplicity dependence of HF production...

* Open Heavy Flavor

» p-Pb data consistent with gluon shadowing
» mass dependent heavy quark energy loss models well observed D and B Raa

» high pt charm looks “light”

 Quarkonia

» p-Pb: quarkonium data point towards some kind of comover effects

» Pb-Pb: some form of regeneration seems present, precise measurements of excited
states crucial to kill models

» Is the Y(1S) the new J/P?

e |_ast but not least:

» interesting program started at LHCb using SMOG: LHCDb as a fixed-target

experiment at midrapidity with p-gas and Pb-gas collisions in RHIC energy range o
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ALICE: D centrality dependence in

0.5

ALICE ZN Energy Classes
p-Pb, s\, = 5.02 TeV ©0-20%
0 e s m20-40%
Average D", D', D* 440-60%
-0.96 < ycms <0.04 #*60-100%

5 10 15 20 25 30
p. (GeV/c)
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ALICE: D-h correlations in pp and p-Pb

_I T 1 | L | T 11 | T 11 | L | L | T T 1 I_
- Average D°D*,D" ALICE
3'5;_ 5 < p2 < 8 GeV/c, p2=° > 0.3 GeVi/c, |An] < 1 B
3:__—+— pp, s =7 TeV, [y2 | <0.5 ]
'8 o of - - p-Pb, 5, =5.02 TeV, -0.96 < y° <0.04 .
2 - | baseline-subtraction uncertainty (pp) -
g 2;_ . baseline-subtraction uncertainty (p-Pb) _;
O - . L +13% +10% ’
T 15E scale uncertainty: """ (op), " . (p-Pb) =
i g T :
<o 1 —
© L i
—| B : _
0.5 ¢ —
OF----+- e AT +|-$ --------------- -
3 _0'5__I 11 1 | I I | | I I | | L1 1 1 | I I | | I I | | L | I_I_
o 25 0 0.5 1 1.5 2 2.5 3
g ° A¢ (rad)
8 15 , , . - ]
2 13 :%: F S ¢ m— E3 —QZ E
o5 + + _EZE: 3
G;:::I:.:I: TR AP R R I:i } - E |:::I:::|:::|:::|:::|:::|:::|::§
0-6¢ £l T E
0.5} I + 3
) 0.4F -*--*-- + T g
sos o o
° o02f + i $ I
0. + T ]
D_meson P, (GeV/c) D meson P, (GeV/e) D meson P, (GeV/c)



Data/PYTHIA

Heavy Flavor Jets in p-Pb

—
S
©

. ABDD(27BTeV) e . 35nb’(5.02TeV] pPb 35 nb™ (5.02 TeV)
§CMSPreIimlnary § _Q§ ECMSP”ellmlnary § <_( 2_5_|C||“|n|éll|||||||||||||||||||||||||||||||_
L — N — I

5 . [ ]ppdata,-2<n<2 _| i & 10° = [ * ] pPb data, -2 < N, <2z E < I o |Dbiet RSZTHIA’ 25 <My <15
E E ~ E = Q_ | -
- PYTHIA 22 (2.76 TeV) 3 Ol o u s— PYTHIA Z2 (5.02 TeV} o 2 —=— Huang, Kang, Vitev (Ref. [29])
. = 135w = 1 |
=L E
- e - 10’ = == E 1.5 B
- : N S _ : e -
B == - E : I H:JE ¢
= = - ] L) i s il iatalr St it utistotintuistatulsttstnts -
- - 9 [
- ; 3 10 = $ = - ]

;_ ':::::::::::',::lzzl;:::_f_ < 2;:':':':':':':':':':':':':':",':l':".':; 0.5~ M oPb luminosity uncert. ]

155 . o ¢ - L 15¢ —— ’ - [ pp reference uncert.
LI = e R I 3 | = o = - ]
O'g_ _é &08_ _é O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

R S T T KNS TR ST SR T AN T ST SO SR AT SR ST TR SR NN R S S N (U E L L L | L L L L | L L L L | L L L L

0 50 100 150 200 250 & O 100 200 300 400 0 50 100 _;:[50 2[0863/5/%] 300 350 400

c jet p_[GeVic] = c jet p_[GeVic] IetP,

* No significant modification of charm jets in p-Pb

* No significant modification of bottom jets in p-Pb within large uncertainty
of pp reference

34



ALICE: D-h correlations
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ALICE: p(2S) in p-Pb
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LHCb, JHEP 03 (2016) 133
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Y(nS) in Pb-Pb
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LHCb: Prospects with SMOG
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Y. Zhang, Moriond (QCD) 2016

System for Monitoring the Overlap with Gas

Injection of noble gas in interaction region

Provides Pb-gas and p-gas collisions with /snn in RHIC energy regime
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