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Wealth of data shown at this conference

Collision energy and beam species
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Coming soon isobars at 200 GeV, 8 TeV pPb, low Vs beams
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Constraining gluon (n)PDFs s Loo oS

Precision measurements of ndiet = (N1+N2)/2 < 0.5 log(Xp/Xps) + Ncwm

Ndgijet Theoretically: can be calculated in pQCD
Experimentally: “avoid” fragmentation and hadronization effects

IIIIIIIIIIIIIIIIIIIIIIIIIII -IIIIIIIIIIIIIIIIIIIIIIIIIIIII
= pp 1 4 R DSSz °
Exp. Uncel - I(D:r'\gﬁm. u 1 EPS09 pr i
m MMHT 14 i nCTEQ15 Exp. Uncer.
cT14 M. E 3 a 1 2 [ Anti-shadowing j
T - _9__ i
g
i B N
o 5 -
E 3 08: CMS . Shadowing ]
- — : Preliminaiy ]
& 115 <p2® <150 GeV 0.6 115 <p2'® <150 GeV
||-_|j1||||||||-|r||||||||||||_|"'" SN NEE NS SEEEE FEEEE N
-2 -1 0 1 2 -2 -1 0 1 2
ﬂdijet CMS-PAS-HIN-16-003 T diiet

Ndijet @s function pt has given access to Q? dependencies

Neither PDFs nor nPDFs gives good fit across whole range
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Constraining HF pp cross-sections
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- DY measurement down to O pr

Access to total charm cross-section

Key for detailed regeneration considerations

Charm quark production
well understood in pp

Good description
of charmonium
production from

0.2to 13 TeV

Integrated B—J/W¥
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independent of s
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HF product/on versus event activity e usouucs
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Results depend on where event activity measured
Physics or ill defined reference? Helen Caines - Yale 5




Strangeness saturation in pp? 0 Busn i

ALICE arXiv:1606.07424
IIIIIII| T IIIIIII| T IIIIIII|

&
B
e 10" 1 Steep rise in strangeness yields per 1
S as function of event activity
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P. Balek (ATLAS), A. Dubla (ALICE), M. Dumancic (ATLAS),

Minbias Rpr T. Okubo (ALICE),

B. Schmidt (LHCD), X. Zhu (LHCb)
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Nothing enormously unexpected is occurrin
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Charmonia in p

A. Drees (PHENIX), B. Schmidt (LHCb)

+A
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& 18F LHCh E iﬁﬁiﬁiﬁﬁiﬁ %S) Promopt J/ -
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3 Prompt 2277 BP9 E Forward - strong suppression
F nDSg . .
12f — Elos 3 Backward - no suppression
1;- ;{/(///// - E.loss + EPS09 NLO ) . . .
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0.8
3 (Errors allow for some energy loss)
0.4;— 3
02F 3 Prompt W(2S):
- pT|< .14 f}e.V/Cl NP BT B
M B 0 2 . More suppressed than J/y
Y Unpredicted suppression for backward
PHENIX n= 200 GeV an = 9.02 TeV Talty
2 15 o e 3ue o oo TapIdities
—— + JHEP 1603 (2016) 133
ol o ¢p+Al ap+Pb,
=d IR g JFTEF:HE?(ZﬁIE)IgSE p+AI, p+Au, H63+Au

Y (2S) more suppressed backwards
Need another mechanism:

Small systems data from
s LHC and RHIC consistent
with co-mover interpretation

(dN/dn), /(< >) (fm?)
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The p+Pb ridge and event activity
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The ridge seen at large n

S. Milov (ATLAS),
Y. Zhang (LHCDb)

the same magnitude forward and
backward if same absolute local UE

activity selected

PP

Vn : N0 dependence on event activity
Vn:Same for 5.02 and 13 TeV
va/v22 1 no dependence on event activity

p+Pb

Vn : rise with event activity
va/v%2 : no dependence on event activity

Suggestive of common origin
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Hydrodynamic flow or not in p+Pb? S Miov (ATLAS)

Study Q-Cumulants as function of event activity

If v2 has origin in elliptic flow c2{4} must be negative ( v,{4} = {~c,{4] )

= o.oaj"?’% —

Use different methods to determine % o ATLAS Preliminary
event activity W\ % b3 <p <5 Gev
002\ 1\ <25
Method 1: strict single track class \'\lﬁj;:\\ A\ " Wethoa:
(no multiplicity o LN cHereld |
fluctuations in events) | L e T
Method 2: has multiplicity FTTT et ¢7§§¢¢,—é¢
fluctuations [ |
005~ 50 00 50 200

Results depend on how event activity defined Nu(P; > 0.4 GeV)>

c2{4} only negative when method involving multiplicity fluctuations used

Tension between CMS and ATLAS on cumulant results
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D-hadron correlations in p+Pb 6. Luarelo (ALCE)
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o o
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o 12 e - - study in event activity classes
arXiv:1605:06963
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Raaaa In asymmetric systems at RHIC

E Cu+Au, \s, 200 GeV, anti-k,, R =0.2 jet
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T. Sakaguchi (PHENIX), S, Zharko (PHENIX)

1.8F- - PHENIX d+Au, \s,, =200 GeV, anti-k,, R=0.3 jet ]
- [+ 60-88% [ §] 20-40% :
1'6:_ 40-60% | % | 0-20% -
1.4/ E-loss 0-20% (Kang et al)
: :
N *
1.2 i+
S i ‘ ,,0 4 :
' _
08 R . ........ . ........................ .
0.6 .................................... -
10 50 35 15 =
P, (GeV/c)
< 1.8 \/
< C 0 —
1 oF ¥ at vs=200 GeV Ay oAy
3 r o e p 25 GeVl/e
S 14F o e p 28GeVic
0} N
= _ o o > 10 GeV/e
S 12F + Py
1F #
0.8
B PH%EN'X EF
C preliminary
0.6~
\u- 3 '5' 1 '10' - |15| L1 20 25. L .30
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Centrality dependence of jet and m°

suppressed in central
enhanced in peripheral

Similar suppression for Npart>12

suppression in d+Au, He+Au, Cu+Au

How to explain Npart behavior?

Helen Caines - Yale
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DlreCt thermal phOtonS W. Fan (PHENIX), D. Lodato (ALICE), C. Yang (STAR)

;E - 10% g T
ALICE . :
¢ o= 0-20% Pb-Pb |5, =2.76 TeV 10 oo mll : 0.
e — Aexp(-p,/Tex) . 1 2 b 10-40% >0 :
= - f Ty = 304 + 115 +40%° MeV A °  080% x10°
%S B 1 | |PHENIX =4 & 10~ C ®  40-80% x10" e
Q_ E 0-20% Au-Au s, = 0.2 TeV @ mrmmm Paquet calculation
3 — Aexp(-p/ T ) > 102 . . 0.
-< | Teﬁ — 239 + gss;at +7% MeV é 10 z R, e Rapp calculation
K10 ERRZT F\e X e
102 - Bk N
: ] = Te10° i S S
g =] g 106 . T 02l (©) v, PHENIX
~ "@“-.._‘ I A
10°L o ] E\;‘ = 7 ; @@ - @Calorimeter
. 1 = 100 & 1 0.15 F @Conversion
10°® 1|
1045— =
g | : 10° & Au+Au 200 GeV
- PLB754 (2016) 235 3 ] il | | | | | | |
107
10‘50—| L1 |1 L1 é L1 é L1 ‘|1 I z 1 1 2 3 4 5 6 7 8
p. (GeV/c)
larXiv:1607.014471 P (GeV/©)

At RHIC and LHC there is an excess at low pr
.thermal contribution

Slope at LHC 30% higher than at RHIC as expected from hotter source

What is vn at other Vs and in small systems?
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Direct photons at RHIC

S 10: (a) Invariant yield
[ -
S £ e PRL114, 072301
C and priv. comm.
Z"a .
chu 1E QGP w/o viscous
w B - QGP w/ viscous
N - - - semi-QGP
10.1 L w/o viscous
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Failure to simultaneously reproduce

PHENIX spectra and vn

Early emission for yield

Late emission for flow

Excess direct photon yield dN/dy

Total direct photon yield dN/dy
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Thermal Only

Au+Au 200 GeV (Min.Bias) a)

- data 1<p <3 GeV/c L]
<~ data 1.5<p <3.0 GeV/c ]

= PHENIX 1.4<p_<3.5 GeV/c

= PHENIX 1.0<p_<3.5 GeV/c ]

¥ (o] .
Ell—l — Rapp 1<pT<3 GeV/e
e Rapp 1.5<pT<3.0 GeV/e
E — Paquet 1<p <3 GeV/c
[ Thermal + Primordial " Paquet 1.5<p, <3.0 GeVi/c
| |

10 10

Npart

Tension between
PHENIX and STAR

Helen Caines - Yale
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Raa at 5 TeV ot ton, otans ALcErE Tars ey T
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A. Dubla (ALICE), Q. Hu (ATLAS), L. Ma (STAR),

Charm-medium interactions ;s g

STAR 0.2 TeV ALICE 2.76 TeV CMS 5.02 TeV

St oo oz Teve votu so2teveor A |\ O
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s oo ] r —— arge:
g Au+Aou 200GeV, 0-10% 1.2 : 0-10% Pb-Pb, (s, = 2.76 TeV B 1.4¢ Preliminary = M. Djordjevic
16 0’2014 E £ o Average D”, D', D*' [y|<0.5 1 N — SuETsoD” R AA — 1 5 at RI ”C
E O D°2010/11 E L .;Oth PP p,-extrap. reference ] 1.2 _ EH%D w/t hadowing -
1.4 % ] A EAM%elastic t by Tad and lumi. PHSD w/o shadowing . .
- ] LB e , Qin, Bass 4 L rtamt [z |.Vitev (9=1.8-2.0)
12 . s T NMC@SHOEPOS | e (S“ | Illar reSUIt fOr H F
SRS S R I~ 0.8l R E,?ﬁ#éﬁ? 1 £ B i Centrality 0-10%

o - ] - MR BAMPS el +rad ] 8F Loyl < 1 +
0-8*; ¢ p+p uncert. = Y- | — "HSD , & 0.8 v ++ e|eCtr0n S)

0.67 - £ £
z %* édi 1 ol
0.47_ - ] R =
0.2f <1> = b
i STAR Preliminary ¢ 4 0.2
T B Raa ~ 0.6 at LHC
TransverseMomentumpT(GeV/c) 00 5 10 15 20 25 30 35 4 ot s s
p. (GeV/c) 1 10 10
P, (GeV/c)

JHEP 03 (2016) 081

Are we seeing effects of row + shadowing?

CMS Prellmlnary PbPb sy = 5.02 TeV
CMS P | Pbe \/37 = 5'02 Tev L T T \NN\ L T 1T
: berre]tlm:;ga;yoo‘/;‘“HH“H‘N‘NHH‘HHE 025; Cent 3050(%) ‘ T ‘ ‘ E Charm V2 and V3 at LHC
0-25E o 1yl < 1.0 «D° - TTF Wi<10 «D° HF | t | |
02oFw ® + Charged particle -~ 02| + Charged particle - E ( ep OnS a SO revea V2)
o CMS-PASHIN-15:014 ~ (o 4oF CMS-PAS-HIN-15-014 4
0.15;93 E : i ]
E " ]
0.1 *., - - e E .
S @7@%% e I 2High pt suppression + flow
U 0 1 | ! - M
OE Theory prediction for prompt D ] E v o j * +f Stro ng Cha rm-med ium
0,05 — BT — L. Pang 3 ~0.05F Theory prediction for prompt D = . .
ol AW owETm g T 1 Interactions at LHC and RHIC
E Filled box: syst. from non-prompt D° ] F Filled box: syst. from non-prompt D’ ]
-0.15 Open box: other syst. = -041 5 Open box: other syst. 3
Cii1 [ [ [ [ Ll L1l | L 111 ‘ L 111 ‘ L 111 ‘ L1l ‘ L1l ‘ L 111 ‘ L 111 ‘ L1 11
0 FL 1 ‘O 1‘5 2‘0 2‘5 3‘0 3‘5 4 0 5 10 15 20 25 30 35
P, (GeV/c) P, (GeVlc)

Enhanced Ds production at RHIC
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J/ l_lj S U p p r e S S I O n E. Chapon (CMS), V. Feuillard (ALICE), Y. Yang (STAR)

N
Y
[~

< B T g T T T T = S iminarv C . =
«; 4 £ ALICE, inclusive Jiy — pp 4gb Prav> 0 0eVe STAR preliminary ot X (S:L’;F_*-P ‘:,U:,Abu, \(?u_—z ?"loTG‘\’/V' Ivi <2°‘;5' Pr >6556:v\;‘l=
F 25<y<4 Transport | s, = 5.02 TeV (TM1, Du and Rapp) °F ¥ STAR: AutAu, |5, =200 GeV |y| < 0.5 oL om : Pb4Pb, Y5, =276 TeV, ly| < 2.4, p, > 6.5 GeVic
12F ® Pb-Pb |5, = 5.02 TeV, 0-20% 1.6 © it:i:’g?(;:u;:u’@;:?re\jv |V|;2‘35 1.4 TransportModell ~—RHIC —LHC
C B Pb-Pb |5, = 2.76 TeV, 0-20% - om : Pb+Pb, yfs, = 2.76 TeV |y| < 0. - TransportModelll ---RHIC ---LHC
L] RN SR e L L e DL L L L LR B LCCITTIITLLEELEEE 1.4— TransportModell — RHIC LHC 120 STAR preliminary
C  TransportModelll ---RHIC ~ LHc  p; >0 GeV/c - m
0818 = <12 < f .
ﬂ < - n:< Uaw ’
06F ufRC R I AT
“F > E 2 AN
B Iﬂ [@ 0] 5 C = 0.8: o 5 GeV
04F g ® 9 0.811{. \n = pr > 5 GeV/c
m “me g ET 0.6F
0.2 — EI 0.6_ E _______________
i s e T il s 1 1 1 0.4— 0'4—_
2 16F E C
e E - 0.2 )
W 1; 3 EI EI $ 02— STARN_, uncertainty F STARN_, uncertainty
= 12F T D B R P ST IR I I I IR I I
5. 0; ‘EI """""""""""""""""""""""""""""""""" % 50 100 150 200 250 300 350 0 50 100 150 200 250 300 1;?0
w< UOF N
T 06t ALICE : PLB 734 (2014) 314 part ) part
0 2 4 6 8 10, (Gevio)! PHENIX : PRL 98 (2007) 232301 CMS: JHEP 05 (2012) 063

Low p1: LHCs > LHC2.76 > RHIC - decreasing regeneration; less ¢ quarks
High pr: LHC2.76 < RHIC - decreasing dissociation; cooler medium

0.25IIIIlllulIIIIIIIIlllllllll-lflllll TTT
PbPb \s, =2.76 TeV CMS Preliminary

Ly, = 150 ub”

IIIIIIII

02 & Prompt Jiy .
’ lyl<2.4, 6.5<p_<30 GeV/c H t f
-o-Prompt Jiy ! I n S O V2
r 1.6<lyl<2.4, 3<pT60 GeVic [ .
015 MALICE Inclusive Jiy, 20-60%1 IOW pT eXpeCtatlcn .
25<y<4.0, pT<1 0 GeVic n
=' 01

| # w1 only regenerated show flow from thermal ¢ quarks

Cent. 10-60 %

N co b b bbb Lo b boa baaa b L
0'050 2 4 6 8 10 12 14 16 18 20

e e oy by GeVie Helen Caines - Yale 17
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Precise vh measurements needed
to confirm flowing charm




Y Suppre SSion G. Fronze (ALICE), Y. Kim (CMS), Z. Ye (STAR)

. . <
% 1-67\ UL ‘ L ‘ T 1T 11 ‘ L T 1T 11 L T 1T 11 ‘ L I \77 ] m< ALICE’ Inclusive T(1S) - H*‘u', 2-5< y<4
(’D'T" 1.4ip$:“<30 GeVic CMS 1 | 121 m Pb-Pb (s, =502 TeV, Preliminary global sys.= + 10%
E s B?:_>|22G-2V/C Preliminary 1 ] [ m Pb-Pb |5, =276TeV, (PLB 738 (2014) 361-372)  global sys.= + 13%
= 12r Jyes%ecl T ] s
| O - T 1 -
N OT0% B 08l
] [ 60-70% I ] “t
z 0.8[s  50-60% T ] 06l $
— L 40-50% T & ] L
o 0.6 30-40% 20-30% 10-20% 5-10% | & -] i I%
- - T o ] 0.4
TR -,
P i T o2l »
& o02f I T :
bl 07\\H\HH\\\H\HH\\\H\HH\HH\H‘|77 i 07|||||||||||||||||||||||||||||||||||||||
0O 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350(N y
part
0.8: —&—— p+p (world-wide) 5 TeV
7E CMS Pb+Ph@2.76 TeV (0-100% . : .
075 : STARAu+Au@200(‘eV(mlH()-;0‘7¢D Y(SS) NO eVIdence In data
0.6/ ; . ] . : .
& F | Y (2s): Consistent with O in central events
T 05fF i STAR preliminary .
Pt = : .
= Y'(1s): Hint that Raa2.76 < Raas
‘2 0.45 :
g 0'3::_ : (] ?
= Regeneration of bottom”.
E_ : Y(2S)VY(1S) CL. = 95%
el = ¢ Y(3SYT(1S) .
of - Less suppression of Y (2s+3s)/Y(1s)

PP AuAu @ RHIC PbPb @ LHC
_ - at RHIC
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CO/OrleSS hlgh pT trlggers B. Cole (ATLAS), C.Mc Ginn (CMS), K.Tatar (CMS)

Pl _|||||||||||||||||||||||||||||||||||||||
1 1_in T ;5|0!2\T|e\|/ |||||||| | TT F?F;bl‘tofﬁbl lplp\z\slslplbl: 11 I,I TT | llllllll | lllllllllllllllllll u{: ><_>;1 6 :_ 1 OO < pY < 150 Gev
1.0sf-. CMS PbPb, 0-30% 1.05 cMS E'Pbpb - 9 T ! ATLAS 1
. Preliminary & smeared pp . ° Preliminary @pp (smeared) 2 [ h
1 - i
- 70 < M' < 110 GeVic? 1; 0-30% 3 2
.- antr Jot B=0.3 3 0.950 o anti-k; Jet R=0.3 Z1.2p
0.9F- + P!> 30 GeVie 09F ¢ p’'s 30 GeVic 3 Z a
/\N E M < 1.6 ] A E o | Jetl <16 E -— L
x 0.85— A0 >LIn > 0.85F " "~ ~
v = SR B s o 3 0.8r
08 - 0.8 + o 3 N
o.75§— ¢ E 0.752— t ‘ -
07 = 07F - 0.4F
Sy A ] W 16002 ' : :
oss-/-|et + 1 oesp MR yojet |t 3
0%6‘ L I5|OI L Ielol L \7J0| L I8|0‘ L Iglol L '|100|| IJ'1(I)I |1|20 0 6 -I 111 I | | I | | I 1111 I | | I | | I 1111 I 111 I: [
7 V 40 50 60 70 80 90 100 110 O-Illll lllllllllllllllll 111 1
pZ (GeVic) p!. (GeV/c) 0
\/_502TeV 258b TTT T T T[T T T T T T[T T T T T T[T TT]T ]
(IR EAREE e S A S M AR Now have results for
CMS ] 1 @ 80 < py < 100 GeV
1 'S 0.30f .
ot Preiminary £ €% 1 E O30 = 010 PosPD, 0.49 b both y and Z triggers!
- ®pp o i i
L[ —Pythia I-Fﬁ: 3 —&— pp, 26 pb”’
- —Madgraph 1 @ [ ] PYTHIAS + | i o .
St oo O Dt Overky 1 Significant change in Xy
S S B <M'< ev/c i . . .
=N [ P> 10Gevic, <24 ] = ]
2 e | Soost amas distribution
[ anti-k; Jet R=0.3 ]
o e <1 : * No angular deflection
: : v-jet Results do not change
. . 0.01 &y el o Lo b b b Ly (Wlthln errOrS) Ifeltherz
7t/2 3rt/4 Ap T d
or y use
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DI-(b-)jet momentum Imbalance C.C.Peng (CMS), R. Slovak (ATLAS)

Event fraction

404 b (5.02 TeV PbPb)

0.4
CMS o ;
0.35 - Preliminary Inclusive dijets 3
e Data ]
os pp-based reference -
0.25 ]
0.2 . 3
0.15

0.1

0.05

1l g b .
0 010203040506070809 1

di-b-jets suppresses
gluon splitting

contribution

100 < pri< 126 GeV
=z "3; 0-10% ' {lhep <126 GV
=1 o _j
h,_ |

404 pb™ (5.02 TeV PbPb)

258pb (5.02 TeV pp) + 404 b (502TeVPbe)

IYYYY

IYTTTIIIYI

IIYY']‘YTTIYTTIIY

0.4: r 0.04: CMS_
035 T g?ﬁ:m,y b dijets E 002 E Preliminary
F e Data - :
03 } pp-based referencei ? 0 " m ] ]
'é 025} {5 002t ﬁ . .
[ Q b -
ozt Ji,{ Y 3
§ 0.155 r 5 _006- * 3
Wl ‘) 4 M- 4 & -oosf .
0.1 ; + = o C ]
. B 01 « bdijets r
aad 3 + l ? 012 | - 3
3 e Inclusive dijets :
1111111111 et e s Liaaa L lasaa s 3
0 0102 03 04 05 06 07 08 09 1 —014 T T T P T T T T -]
X, 0 50 100 150 200 250 300 350 40(
pall)(N oo.-welgmed)
Di-jet imbalance not significantly different for
di-b-jets and inclusive di-jets
Pri> 200 GeV
s T T T e ]
= 35F r
s .
25f «+4 Di-jet asymmetries become
2F D -

L i | F
o I "q 1

| * L1 B S
- s 3
0.5F -
3 Lagh sl P | ] 'l [l La |:

HE 03 04 05 06 07 08 09 1

similar for pp and Pb+Pb at
very high lead jet pr
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Subjet shared momentum fractions

K. Kauder (STAR), M. Verweij (CMS)

sE- CMS Preliminary R S ovp HT, Trigger det “Groom” jet into two
85‘ g o E % 7E- .- Pythia8, Leading Jet .
ST eemmw ze g spemeeats | SUDJELS
%|%‘ : - PYTHIAS 1T 5 ¥ STAR Preliminary . , _
I GEENE T A . min(pr,1, P1,2)
3 -8 E = (I —
- $ ] afb o g ' ' |
3% ER: e )IT1 T+ PT,2
i s 1 = T } }
Lof1295prs1g0GeVIe | o
01 02 03 04 05 01 02 03 04 ** 2,
. D Good agreement between pp data and models
N s Trigger Jet, pTg=20-30 eV/c
g 75_ Au+Au HT 0-20% - 111 ”
T No change at RHIC for either of the “hard core
I di-jets
o "Hard Significant change at LHC for inclusive jets
2= core” -
i di-jet nke . at=t 140<p1<200 GeV/c
o= ‘01, — ‘0I2‘ — ‘O.ISI — .0.I4. — KO.IS. ‘ zOgS
e s T el Results not necessarily
ot contradictory many differences
S o - S
S g “¥5 & Future: explore angular dependence to
e probe subjets color (de)coherence
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Access to virtuality?

C. Bianchin (ALICE), D.Gulhan (CMS)

> 100<p, (GeVic) <120
Higher jet mass — higher virtuality 3 {].25—_-_ e
Z triggers — higher virtuality %%i : Systematic Pb-Pb
1-2‘41
Studies are just beginning at LHC 01 B ALICE
- no large differences observed forZvsy | = *_
triggers - e,
- S T/ R TR ] *35
Theoretical expectation® that higher Manm (SEVIE)
virtuality probes different length Vo
scale of the medium 6730, > 30 Gev
. — Y-jet
Experimentally do higher jet mass/ Sl ozt -
Z trigger events show different Er 5 :
amount of quenching compared to S%"”j j—'?b_L
low mass/other triggers with same 104k ( 1
jet pt7? | |

Promising avenue of exploration

10°

10?
Q (GeV)

[1] Majumder, Putschke PRC 2016
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Hints that quenched Jets are collimated

C. Bianchin (ALICE), M. Rybar (ATLAS),
M. Verweij (CMS), X. Zhang (ALICE)

Subjet zg more imbalanced

Suggest Pb+PDb inclusive
jets have “harder cores”
than pp jets of same energy

Radial momentum
shifts to lower values

o 60<p, _ . (GeVic) <80 - 80<p, _ (GeVic) <100
: ALICE Preliminary Pb-Pb 0-10% (g, =2.76 TeV
F 3
2 p-Pb Vs, = 5.02 TeV .
; 2 - Jet mass shifts to lower values
16en + £
e | 1 |
pialiaal 1 AETEE RN FEEE N A O b bves by Bvaa b s v b bl
B T S R R TR PR PR TR T 0 2 4 6 8 1012 14 16 18 20 22
M, ., (GeVic?) M, o (GeVic?)
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1.8 cms \/_ 5. 02 TeV —I anti-k; R=0.4 - SoftDrop =0 zcu‘=0.1 |
1.6f Preliminary pp 25.8 pb”! F In l<1.3 Ea AR,;;>0.1 k!
: PbPb 404 ub' 3 ; 1
1.4 Centrality: 0-10% &~ T 3
g " e ;o R
1._ ............................................ ——ee e N < < c ccccascasscassanns PN T -
g ! Ty ; oy .. 5
“F -+ E — T !
o
0.6F e s ﬂ—:
0.4t == 3
o_gf_ 140<p <160 GeV 3 160<p, <180 GeV 180<p, <200 GeV _
b 1 1 1 1 l: .......... 1 1 1 1] e d o e d o oeoo oo ) oo ‘s 1
0 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
Z4 Z4 -
SOFALCE Prefmiinary
= ' E 25: Pb-Pb |5 = 2.76 TeV
= 1 [Anti-k; charged jets, R = 0.2 -
EEQ t ATLAS Prellmlnary ' T TTp T ciergedie +- ALICE Data
" Pb+Pb 0-10% : _% 20;40<plT <2GeV/c Shape uncertainty
L . . E n h a n Ced =z r " [OCorrelated uncertainty
1.6Ege P! > 100 GeV = r ] 4~ +PYTHIAPerugia 11 1
[ T 1 . 15? I_ ]
- l |- |
T ' yleld at -+ ]
[ il 1 10— - -]
1.2} ' h . L
: . high z = :
[ i —— : 5[ B4 =
1_ ........................... 4.. ....... : : . :
——— : bt P—
- 0 0.02 0.04 0.06 0.08 0.1 0.12
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PT,q g
p_[GeV] g = E AR(i,jet
iCiot DT jet

Helen Caines - Yale 23



How the lost energy re- emerges e S e e

25 =" 0.40% Au +Au@ [s=200GeV | 5<p <7GeVie _; \:E E o AL|ICEI I0|1IOI;IP|t; IF;bI l\/%!zl%G TeV ;

2 ;—(2007+2010+2011) + —; 5/ * 8< p‘Tg <16 GeV/c ]

o 150 Po-ml<m2 /,i/— Prlglimﬁglz( = : Away'side ]
= 4= i d = C # nP-hadron (v, bkg) 7
05 = / = 4 AQ-n| < 1.1 -

= CoLBT_Hydro, 5 < p’ <7 GeVic = - ¢ di-hadron (v bkg) a

= ‘ | | : = - Ag-n| < 0.7 ]
295" 0-40% Au + Au @ s = 200 GeV s 9<p!<12GeVic E 3 —]
2= (2007+2010+2011) — _ EI ]

- 15;|A¢ -m| < m/2 l = C .
- /*/7’—; 13 m%-hadron
05_V hadrb'n_/ COLBTHyd 0,9< p <12 GeVic :% 1i____ﬂi_$____________j
N s 2 N E 5 Hy IIIE 0] 2| E

G . o) PR P P AN AT I IO B S B

Energy restored at O S e T Gl

IOW pT nOt |OW ZT' A I L I I I

New results confirm enhancement starts 1 Subleading (Pb+Pb - pp) :
below: :

~2 GeV/c at RHIC
~3 GeV/c at LHC
(similar conclusion for strangeness in jet)
Jet-Track:

Particles emerge at large angles ' Aj>0.22 :
(Iarger than typical jet cones at LHC) 181 p sizocev.psocev..
=2 "1 05 0, 05
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Interpla y of medium with jets

K. Burka (ATLAS), K. Jiang (STAR),
M. Kofarago (ALICE), Q. Wang (CMS)

L CMS PreI|m|nary
0.10- PbPb ys,, =5.02 TeV
- Slope

| —— v,{SP}0.52+0.04
- - v,{4}0.47+0.06

Iy

14<p_<20GeVic -
1 1 I 1 1 1 1 I 1 1 1 1 I
0.05 0.10 015
V2Iow
- ALICE, Pb-Pb IS = 2.76 TeV
L 0-10% 2< P, Ttrig < 3 GeV/c
L Al < m/2 1<p ' <2GeV/c
SSOC
0.4
ol — " 4% scale
8| - uncertainty
2|o
o
,_|2: 0.2+

— Peak from fit

._1....0....

[ ® Away-side inter-jet
0.6— B Away-side intra-jet
[ O Near-side interjet
L O Near-side intrajet

80 70 60 50 40

T T T T TR R
0 30 20 10 0

% Most Central

Vn NOW observed up to n=7 and up to 25 GeV
No significant difference from 2.76 to 5 TeV

v2(low pt) highly correlated to v2(highly pr)
Increasing pr flattens slope of correlation
Initial state effect?

Nearside low pt di-hadron correlations
Broadening in An
Depletion of yield near An=0
Interpreted as due to strong
longitudinal and radial expansion

Inter-jet correlation >> intra-jet correlation
Significant kr and/or flow deflection

Studies of medium’s response to jets starting
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Low mass d/-lepton excess

J. Butterworth (STAR), T. Guniji (ALICE),
P. Sellheim (HADES)

= T T T T T T ><10_6
Z_.. I o cc 1A GeV l . B —20
% 100 o cooncev R — L N : o3cevisy T 0-40<M;<0.75 GeV/ ¢’ §
2 [ = pND35GeV, > 7 —18
< | ¢ pNb35GeV " T 16 4o 624GevAutau i
., gl o AWCI176AGEY i ~c - Y Gy =16 0B)
£ | " AAUT20AGeV040% =° 14 L Dscev STAR preliminary l .- E
— [ HADES i L) i . —14
- . ~ 12— O 173GeVIn+in Gt
< 6 Preliminary . = i B I I
c L ’ s >N - —12 @
A St AT P e £
g 4; * _* + i \3 8; * l —10 =
BIUETT I Bt o b £
Iy i S Wit . St | — o 6 — + e = Theory lifetime: ] l‘_'
2 '? L A H g o F e
:: zi‘ q&& __% . T% i . S’ 4 — :{:';-(".-\t :l Kr( i
— OM %ﬁl ﬁ%_i’ _Tﬁ T 2__r N —17.3GeV —4
0 200 400 600 102 10°
N,/
M, [MeV/c?] dN,,/dy
In Au+Au excess scales Low mass excess « fireball lifetime
as A'Spart

centralities

for large range of beam energies and

Results suggest excess due to total baryon driven medium effects

Looking forward to adding HADES,
BES-Il and LHC data into trend plots
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Very low pr J&V w 2na 6TAR)

) AR Pl Large excess seen for peripheral events
1 o U+U 60-80% RAA ~ 20

T

—

<
[4,]

T

Excess decreases with centrality
Opposite of hadronic production

—

<
[=1]
!

+ Au+Au 20-40%
e Au+Au 40-60%

B,.,d’N/(2np_dp_dy) [(GeV/c)?]

107 = AuvAu60-80% - expectations (Npart scaling)
10_:0_2 o I1I(|)_1 p (GeVIc1)0 . .
T (Similar effect seen by ALICE)
%10_3 ' STARPreliminary ]
3 EA AutAu  iirierenas thape . . .
5 X, 500 Goy cenmiv-s0-so | OlOpe of t~pt2 consistent with expectations
%104 A I from coherent photon-nucleon interaction
& F —anor=a04 1 reflects size and shape of Au nucleus
AN :
wi- % & 4 | Coherent photon-nucleus production

0 00200 0% ewdy® | even when nucleus disintegrates?
=% Slope ~190 (GeV/c)?
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Summary

Need to go home and digest further all the data shown

Thanks for inviting me to Wuhan!
(I hope to see outside of the hotel next visit)
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THE END
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pp Spectra

. 25.8 pb™ (5.02 TeV pp)
10
CMS Preliminary
8
10 [«] Data
107 FONLL pp ref.
. = ly| < 2.4
—.;’ 10° — Global uncert. 12.4%
S o =
.8 [=—— ——
Zr— 10°*
©
8 10°
107
10 Q_“—

IIHIIIHIH"II"II”"II"II T

Data / FONLL
OU'!_;:’:'\)U'I(A)

0'1_' 1 [ [T T1 [ [ [ [ T T l
'% ATLAS Preliminary
© 102 pp, \'s = 5.02 TeV
O PP -1
£ e L = 25 pb
—~ 10 — pPb, \sy\ = 5.02 TeV
o . pPb 1
S L - L =25 nb’
S 107 .. & -2.0<y*<1.5
© - e
C s e .
gl— 107 S .
9‘./10—10 —— —
10712 .
—14 ° pp
o " 0-10% x 1072
10 = 20-30% x 10™
60-90% x 10°
10_18 | | | | | | | | I | |
2
10 p_[GeV] 10
n ' ! |
= 0.5E %
T 9 20 40 60 80 100
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B SuppreSSIOn at RHIC Cesar Luiz da Silva (PHENI>

~—~1.2

; i CutAu @ \sy=200 GeV
1= 0-93% Centrality
I I P, integrated
3 0.8 ® -2.2<y<-1.2 (Au-going)
%ﬁ - m 1.2<y<2.2 (Cu-going)
~—0.6— n
ng 0.4~ —~—
i PH <ENIX
preliminary
0.2
N S TR I R BN
% ! 2 3 4 5 7

6
B-meson pgc [GeV/c]

No suppression in Cu+Au for B-meson in foward or backward region at
low pT
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Dsin A+A

Pb+Pb (ALICE:JHEP03(2016)082)

N

|

| @ Au+Au (200 GeV,(T0-40%))]

0.8 | & Pb+Pb(2.76 TeV,[0-10%) )
Y llivod S | T
“--.m : e
0O 04 l
B 1] w o
0.2 )
- —starPrefiminary. Y THIA expectation
D_...|...|...|...|...|...
0 2 4 6 8 10 12
P, (GeV/c)
0.4
- D MinBias Au+Au ys,, = 200 GeV
- S STAR Preliminar
0.3 . Do y
0.2 © ¢

Long Zhou (STAR)

Ratio enhanced compared to
pp at RHIC and the LHC

Ds v2 at RHIC
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Vn behavior in asymmetric systems

0-5% p+Au 200 GeV 0-5% d+Au 200 GeV 0-5% *He+Au 200 GeV

m PHENIX v,
B AveT
[ sonic
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First time measured - HP scoops
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