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Probing Strongly Interacting Matter

* produced in by various ways throughout the system’s evolution
* colorless objects . no coupling to strongly interacting matter

W+ and Z production
prompt photons

di-leptons
thermal photons

tag jets
measure effective temperature

test chiral symmetry restoration
test QED



Experimental Landscape

* Facilities and experiments spanning

* p+p, p+Au, p+Pb, ..., Cu+Cuy, ..., In+In, ..., Au+Au, Pb+Pb
 Centrality/multiplicity ranges

from UPC to central A+A, and high-multiplicity p+p
* Experimental access from and photons,

to



Weak Probes: Constraining Nuclear PDFs

Q=2GeV | o M\ | Q=100GeV
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* PDFs give probability at a given scale Q“ for finding ;| L2
a parton with momentum fraction x within proton 2 5
0.
* nPDFs reflect parton distributions in bound nucleus o === o

P 4(z,@*) = Ri(z, Q) Pz, Q%)

nuclear modification free proton baseline
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Constraining Nuclear PDFs

»nPDFs need more experimental datasets
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Recent results from p+Pb (1)

[CMS, p+Pb Vs=8.16 TeV]

3 O

* Rz of W bosons P
* 5x more statistics than 5.02TeV £ 5
* compare backward region (Pb- .3

going) to forward region (p-going) X |

= o7F
zZ

0.6

0.5

E 7

pPb 173.4 nb™

e e
14F W+

g W —u*y,

S13F p,>25GeVic

—CT14 (68% CL)

- \\CT14+EPPS16 (68% CL)

,CT14+nCTEQ15 (68% CL)
o (D T

CMS

ISy = 8.16 TeV

0

e Drell-Yan results for Vs=8.16 TeV

* work in progress

¢ 10.5 < Mpy < 20 GeV/c?
 allow for wider range in x

[ATLAS, p+Pb Vs=8.16 TeV ]

* Prompt photons in p+Pb
* instead of Rez use

Rypy, = (dorB s 2 [dEY) (A X doRERI ST [AEY ) ol

» small affects from nPDF confirmed

for CT14+EPPS16 and nCTEQ15
QM2019 - Wuhan
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Recent results from p+Pb and Pb+Pb (2)

[LHCb-CONF-2019-003]
=R Ve ™R, Il

2.6 2.8 3 3.2 3.4 3.6
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Direct Photons

status updates on a number of analyses

-
Ran Xu, poster #399 -
* measuring isolated direct photons out to very large p; ~ 200 GeV/c o
) * 3
(@)
Gabor David #755 & Zhandong Sun #632 5
D
[} —+

includes re-analysis of t° in order to test applicability of Glauber
model to p;~17GeV/c

Daiki Sekihata #315
virtual direct photons from the 2018 high statistics run
9x more central data



PHENIX, PRC 94 (2016) 064901
| (a) Invariant yield F (b) v, H :

Direct Photon Puzzle § 10 Loy 001: @@ | L PLB 770 (2017) 451 | &
‘ ;5 | TN FQH =

Za [ + 020% x10? %2
* Large yields = 1 " e SRRy o

® 0-80%

O 40-60% x10"

c 0.1
* suggestive of large T Pl o ﬂ 2 o
* early stage : 1 4 IR U N W N G
102F glmt = amh o
* Large flow : oal @Y PHENIX | &
* collective flow needs to build up 10°F i g
C A9 Z
late stage Ll k-
. ) 0 E Au+Au 20-40% 0.1F
* Challenge to theoretically reconcile i e 24
; Yield is from PRC 91, 064904
0HH1III[2HH3HH4IH 00 3 4 pT(GeV/c)
* STAR: no large yields P, (9g4r) PiGeY/C) ALICE, PLB 754 (2016) 23
QR | P
° ] 0-20%ALICE  — 0-20% |

. . : B s,
ALICE: Iarge uncertainties in Pb+Pb ALICE PLB 789 (2019) 308 $ ok i

+120-40% ALICE —20-40% 3

) ) & v F ﬁ] NARERS RARR RERRE S +140-80% ALICE
. puzzle is not significant at Vsy\=2.76TeV "~ S a e

» Improved quality by ALICE on n/m° ...:ﬁiiiit:zz:z:z::::‘,j:;a;aﬁ ; -

Mike Sas, talk #247 032_ o W e _
» n° down to p;=0.4GeV/c | : t Bl o0 ]
> n down to p;=0.8GeV/c £ ‘ ] : *H{ =}

“*New data from PHENIX ...
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] i s ]
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I PIUU I IO B B e W R 107E  arXiv:1504.05699  --- Chatterjee etal. - .~
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P ev/c - NPA 933(2015) 256 +JHEP 1305(2013) 030
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New Results on R, in Au+Au at Vs, =200 GeV

* 2014 data set (red symbols)
* based external conversion, 10x statistics
* double tagging ratio to reduce systematics:

hadron

y
T~

* conversion method (blue, 2007+2010)
 virtual-y method (purple, 2004+2005)
* calorimeter method (green, 2004)

N )gncl
Ry(pr) = | — 7o
N )4
data

sim

Wenqing Fan, talk #623

Au + Au — y +X, s, = 200GeV, 0-20%

2014 conversion method

PRC 91, 064904 (conversion)
PRL 104, 132301 (virtual y)
PRL 109, 152302 (calorimeter)
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Y ~ ¢ PRL109, 152302 (calorimeter)

'_ N
-~ PH ENIX
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® 2014 conversion method

2.5 [ ¢ PRC 91, 064904 (conversion)

¢ PRL109, 152302 (calorimeter)

2 C LA
C PH ENIX
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~ Au+Au -y +X, \s, =200GeV, 60-93%
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- ¢ PRL 109, 152302 (calorimeter)

~——

[ [ PHTENIX
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Direct Photon Yields and Scaling

~

\ ] Wengqing Fan, talk #623
& 10° & 107 E
5 Au+Au — y +X, s = 200GeV, 0-20% D Au+Au — y +X, |S_. = 200GeV, 20-40% o| PAANDA) >y, +X a=1.25
> - AR > - VX o _ 10°=" %1 Po+Pb, {5, = 2760 GeV (ALICE)
g ~ ° 2014 conversion method g ° 2014 conversion method Q E ¥ Pb+Pb, Sy =173 GeV (WA98)
._.> 10 - i ¢ PRC 91, 064904 (conversion) -—-> 10 T ¢ PRC 91, 064904 (conversion) > 10 m Au+Au, m =200 GeV
% g_v— I u ¢ PRL 104, 132301 (virtual y) % g_»— - § ¢ PRL 104, 132301 (virtual y) 8 E @ Au+Auy, |5, = 62.4 GeV N
o % ¢ PRL109, 152302 (calorimeter) > % ¢+ PRL 109, 152302 (calorimeter) o [ | AutAu, ysyy =39 GeV PH : E NIX
~ 5107} ek s W o2dh . 1k~ ¥ Cu+Cu, |/, = 200 GeV preliminary _..*
Y N,,, scaled pp fit: A( 145 3 &n Neou scaled pp fit: Al 145" o E B d+Au {Su, = 200 GeV o
- 0 JE 0 = X 27
R E ' R " . V'_ — O p+p, Vs = 200 GeV .-'é a
— s o
103 's 103 : o 10 = % AutAu, |syy = 200 GeV (STAR) - JE 'ﬁ ,
L) 7 e VvV - [e]Au+Au, ys, = 200 GeV : -E
N s ; i To) 102 (2014 conversion method) .-~ ¥
10—5, p ol' 10—5 — t’ . : E - - *
i e [ =, -, c N,,, scaled prompt photons
*
a .! *y L e " E 102 = p+p fit, V's = 200 GeV
1077 107 Y - = __pQCD, Vs = 2760 GeV
' PHE [\~ = © Al —pQCD, s =200 GeV
" PHl. ENIX i PHl. ENIX 107 __pQCD, s = 62.4 GeV
9 I pre Irrl]lnary I l | 9 I pre IrTJ]Inary { | ‘ : 1 1 1 11 111 | 1 1 1 1 1 11 ll | 1 1 Lyl I
10— 1 1 1 L 1 1 1 Il 1 1 1 1 1 1 Il 10— 1 1 1 1 | 1 1 1 Il 1 1 1 | 1 1 2 3
O AR 4 F G Na 0 b - ot g r ¥ g Sebuin 1 10 dN,_/dn | 10 10
p, [GeVic] p, [GeVic] b =0

* Clear enhancement below 3 GeV/c? in central
* persists in semi-peripheral

* At high p; consistent with N,-scaled p+p result
* Consistent with observed scaling behavior

» STAR data appears to show similar scaling
* but at lower rates
» Look into including BES-2 data from STAR?
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Dilepton Measurements

New results over a wide range of energies

* ALICE
* p+p, p+Pb, and Pb+Pb at Vsy,= 5.02TeV
e p+p at Vs= 13TeV (low B-field)
* STAR
* Au+Au at Vsy=27, 54, and 200 GeV
* HADES
* Au+Au at Vsy\= 2.4GeV
* Ag+Ag at Vs\,= 2.6GeV
* TI+p —»e*en at Vsy=1.49GeV

13U'0073d1Med B

Li- F -
antimuon
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HADES: Thermal Dielectrons at Vsy,= 2.42GeV

excess radiation
acceptance corrected
[ T ‘ T T T | T T T

W

* Strong broadening of in-medium p spectral function

TR —
. O Au+Au |s,=2.42 GeV 0-40%
* Enable measurement of fireball temperature S NN‘ef, n. @ sublracted
: S KT = 71.8 £2.1 MeV
<Tfireba”> v 72 L. 2 MeV v% In-medium p: :
> > 1 0—4 - —CGFRA -
8 g Tlasmen S
- y : @ R —HsD 3
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< O s
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R s S ]
(LHC > -
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STAR e'*e™: from Vs, = 27, 54, and 200 GeV

y

Efficienc

10x more data
» constrain cocktail by direct w and ¢ measurements
» allow for multi-differentials
» enable virtual direct y measurements

* increase in conversion background

* use to increase sensitivity to the thermal
radiation in the IMR

* next: apply to Run-16 200GeV dataset
Florian Seck, talk #287

" AutAu |s,, = 200 GeV (MinBias) 2014

§ 10—1 p;>0.2GeVic, n®|<1,gDCA® < 1mm, |y*°|<1
O] b d length
e e SR (\.')/10‘2 STAR Preliminary _eeiaz1:1r.‘1?t T
i —=— <100um
2 1018 - <50um
= 4‘1‘ m] é
pesssssns i nnnnnnnndnnnnnnns %0)10_4 ".:3:(;:‘-%%$Y L B
10° i P
- Y
................... 1076 *i
—7 L (Lon AR L B TR | o o T L
50 1°°DCA1~2°t ﬁqoo 108015~ o 15407 25 By 35
QM2019 - Wuhan ut (um)

Florian Seck, talk #287 |
Zhen Wang, poster #329 -4
Zaochen Ye, poster #387

» a preview of expected precision for
BES-2 energies Vsyy = 7.7 — 19.6 GeV

—
% 10° Au+Au 0-80% — Cocktail Sum
o - p$>0.2 GeV/c, h°l<1
N 1 STAR Preliminary
O 10°
-
% 200 GeV x 2E6
=
Q 62.4 GeV x 1E5
Z 10 - \
© 54.4 GeV x 2E3 I
39 GeV x 50
10 | 27 GeV x 1
- 19.6 GeV x 1E-2
210 il
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ALICE e*e”: p+p, p+Pb at Vsyy= 5.02TeV

* New results for p+p and p+Pb

e 2016 data set Leonhardt Viebach, poster #319 Aaron Capon,poster #308
T U RO [ U U U U U U U RO U] U U
(“;102H.,‘,“.-K;E.F;,r....yl..,,,..D.at.,||.,w..,. NQ 1 ALICE Preliminary g _g
S reliminary c ila(t i % p-Pb s =5.02 TeV _— Cocktail sum E
e Extract do,.~ / dy and do, 5 / dy Y pp (5 =5.02TeV = ookl uncarainy O R g O T ;
CcC bb < [ I1<08,02<p_<10GeV/c a5 g 10" Py, <8Gevie i o |
Q. M- i S S |V ES" P TR E
. . . [ —~ n:te_e,n—»mee Sis n TR D 3
e consistent with HF cross sections = B e e e W e 1 — e 3
£ = W00y (ul)ﬁYﬁTﬁcl,?\;g P i‘ —— @ > ee, o - n'ee J E
o — = GO I ¢ — ee, ¢ - nee, 6 - nlee 7]
\g . 324)1‘96?6,("37“{"1',"3 . 10 1Y oS > ee (PYTHIA X (N_))
Py S —— bb > ee (PYTHIA X (N ) =
g- _III!IWIlII\Tl\llll\llllT[llIfl\llll\llllllll_ o} J/W—)ee,J/W—)'Yee E
: 160? Dielectron measurements: ALICE 7] 104 -
Qm L ® mg /pT_ee f?t w?th PYTHIA pp collisions i 3
bﬂ 40; | e lpT_ee fit with POWHEG ] -
S 1401 (5-5.02 TeV: ALICE preliminary 1 107°
- Vs=7 TeV: ALICE, JHEP 1809 (2018) 064 .
[ Vs=13TeV: Phys. Lett. B788 (2019) 505 ] . Gal AZFR R AN s i S o SR W ey Ty
120~ o syst. bb — e*e" not shown 1 /B : 10°
I Single heavy-flavour hadron measurements: 7 o % '1 mﬁ 1.5
100/— O  ALICE non-promt J/y (preliminary) 1 [a])s] e | ‘5% 18
O ALICE, PLB 763 (2016) 507 e ©0.5 S8 s
[ —— FONLL,M.Cacciarietal. .= ] % ' 1 S
...... { 0 0.5 1 L5 2 25 3 3.5
. P | 2
801 ] me, (GeV/c?) M, (GeV/c?)
60— —]
40— ~
0_|||\IJI|II\J|\IIIl\III|l\||||l|\||||\|lll||ll_
5 6 7 8 9 10 11 12 13

Vs (TeV)

QM2019 - Wuhan 15



ALICE e*e: Pb+Pb at Vsy,= 5.02TeV

= /
: e Suppression below IMR vacuum baseline
» hint of LMR enhancement R
‘ Sebastian Scheid, talk #191  Complex interplay between initial and final
ot i L1 U R L L B LR BRI DU L R
& F acercmne | e bu ; state (energy loss) effects
2 [ 0-20% Pb-Pb |5y, =5.02 TeV — n0—sye'e i S 2 N W g Tl o T S o ]
]!t ! 0.2<p, <8GeVic,n,| <0.8 ——Nre’e . 5 T o -  ALICEPreliminary E
E% ! . 6 GeVlc :g:gi Ve b ] . sE- $ Pb-Pb 0-20%, Sy = 5.02 TeV, I | < 0.8 =
o 14 > — w-e'e, o-onle'e e uIE B Global syst. uncertainty .
%> ‘=“" S g:j;?e‘lz;\;].?’;ﬁp‘ %_;n:z:) E :j E_ L] = R, cocktail charm (PYTHIA) _E
o - | \g —— bb—e'e (PYTHIA6 x N_,) - 4 —
3 10'1 \. ‘][] ‘ — Jly—e'e, Jy—-ye'e & - C ]
- ) ; 1.2:_ —:
3 N T N | T = e, R L2
107 : E 0.83— /—\/\/(v:\/‘ :\ —E
? i 0.6[f 2
1073 5 = o ¢ . .
- 3 = \_— 0.2 —i
(j% 2 % " OIIHO.ISHH4IIII1.I5HH2|HH2.|5‘ fl'nle;(SIGIel\/}c;g;s
8 1 E -
= [ e T Bl T i BN T Can we disentangle thermal radiation from HF sources?
0 0.5 1 1ds 2 285 3 35 4 : s
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ALICE: soft dielectrons in 13TeV p+p

First reported by the Axial Field Spectrometer collaboration

Sebastian Scheid, talk #191

[T T T T T T[T T[T T[T T[T - = Gy - - _ palk E __ . -
at ISR In + 63Gev 1’ [ ALICE Preliminary - Data . e [ = | | I i)
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8 E ppis=13TeV,B=02T Cocktail uncertainty = 8 r ppVs=13TeVB=02T P, <0.40 GeV/c 4
—_—n0 - - L ee il
~ 0.075<p,_ <10GeV/c,In]<0.8 13 Yeie 3 0.075<p,  <10GeVc, Iy <08
ALI C E 1 € 10 0.4 GeV/ TN e o 5 0.14< m,, <0.60 GeV/c?
A E T S %8 T uce E O 25| = DataMB 1GeVic<p_ <6 GeV/c —
F T,ee
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) u
e OW B' Ie + ata 2018 S 1: | [ Jtotal sys. uncertainty Py, <0.40 GeV/c
©

» low-p; reach to 75MeV/c for electrons

* new parametrization of n meson ot
»reduces large uncertainty in cocktail R,

|- ALICE

[ [elpp,Vs=7Tev
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O Contrality: 60-80% 0 0.4-0.76 GeV/c?
, [ Solid: Au+Au 200 GeV 71 0.76-12 GeV/c* x 10 2_ o
10" Open: U+U 193 GeV ¢ 01226 GeV/c® x10™* |E
N .—ﬁ —— Au+Au Cocktail 12 = S0 ]
5 100k X g O g e Prabhakar Palni
Coherent y-N and y-y 3 105? —————% G B
- i i = | et =i § "o :
interactions conventionally : ey e e S O £
well 2 ) . 2 W7t T =T :
studied in UPCinteractions. * i/ A —E 3, N 3
- STAR pe>0.2 GeV/e, hyfi<1, ly*i<1 ] |
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Dielectrons to Map the B Field
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* Birefringence of the QED vacuum
observed for the first time

Potential application to peripheral
(hadronic) interactions:

relate photon density to energy flux of EM
fields
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Near Future Experimental Landscape
* STAR BES-2 program 2019-2021 i Yang, talk #388 250

* collider mode six energies between 7.7 — 19.6GeV

* event goals driven by dielectron program -> 10-15%
significance in LMR/IMR

* incl. CBM Fair Phase-0 program: endcap TOF

* ALICE Run 3 (2021+) Sebastian Scheid, talk #191

* new ITS (resolution improvement 3-6x)
* TPC readout upgrade (rate 100x)

The Phases of QCD
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* NA60O+. Enrico Scomparin poster #314
* high precision, high statistics dimuon measurements

1/N,,, &*N™"/dM . dy (GeV/c?)"

—

* measure chiral p-al mixing
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My Summary

 EM/weak probes are the most versatile probes in heavy-ion collisions
* nPDFs, QGP temperature, chiral symmetry restoration, lifetime, B-field

* Yes, there is still a photon puzzle
* new data sets are collected and analyzed
* improve n mesons at low p;

* Precision data is collected over almost 4 orders of magnitude

* New experiments and upgrades being proposed and/or readied

**The future of weak and electromagnetic probes looks very bright
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Thank you!

QM2019 - Wuhan

ahoton )

22



