DIRECT PHOTON RESULTS
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« Definition: photons NOT originating from hadron decays

Major production processes:

Annihilation Compton Scattering

« Peneftrating probe w/o strong interaction in QCD medium
v Carry the medium information at the production point

LN ]

Initial collision Glasma QEB_P Iv\ixed_phose

Hard photon Thermal photon Hadron decay éoion

« Produced throughout the collision history
Y Yinermal Yield 1 Ny = [[€R,xVdt, R,: rate, V2 volume
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« Experimental data = Integral of all photon production
— Need “pr-window” to measure target photons
v Low p; region (p;<3-4GeV/c) for thermal photons
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* Ydecay QIWays makes vy, measurements challenging /
v ~80% from n® & ~10% from n of inclusive photog'yiéld
v var = Reminder affer yye.q, subtraction

* |Importance of p+p & p+A data as a baselin
v Hard photon production & nuclear effects@low p;
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PHENIX Detector
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« 3 independent measurements at PHENIX
1. EMCal method: Suitable for high p; (>4GeV/c)
2. Conversion photon method: Utilizihg photon
conversions and covering a wide p; range fr
than 1GeV/c
3. Virtual photon method: Measuring vy, —€7e” with
reduced BG and works for 1<p<56-6GeV/c
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PRC87, 054907 (2013)

P+p d+Au at |s, =200 GeV
e virtualy
= o n’tagging
* statistical subtraction
NLO pQCD
—_u= 1.0pT
-------- n=0.5p_
........ n= 2_0p_r

ptp
= virtual y
o n’-tagging
fit uncertainty

10 12 14 16 18 20
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« Successful direct photon
measurements for p+p &
d+Au at PHENIX

v p+p:
Consistent with pQCD
calculations for 1-20GeV/c
— binary scaled p+p result
= hard photons in A+A
v d+Au (MB):
Consistent with binary-
scaled p+p result
— Very small nucl

r éffects
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PRC91, 064904 (2015)

PRC94, 064901 (2016)

(a) 0-20% (b) 20-40%
Direct photon v_ PHENIX 2007 and 2010
e Conversion method Au+Au 200 GeV

sidely m‘

pp data
o PRL 104, 132301
o PRL 98, 012002
v PRD 86, 072008
— pp fit
m  Calorimeter method

Au+Au data
a PRL 104, 132301
» PRL 109, 152302

e Present data
—Noi-scaled pp fit

V/SNN = 200GeV

0 2 4 6 8 10 12 14
pr[GeV/c]

« pr>4GeV/c: Consistent with the binary scaled p+p

« p<4GeV/c: Enhanced yield over the binary scalgd p+p
v Thermal photons from the medium

« However, observation of a surprisingly large ¥, as well
v Sensitive to production process & proddction time
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PRC94, 064901 (2016)

\ | (@) Invariant yield
10

(=

= Fireball senario
— Semi-QGP w/o viscous

PHENIX

@Calorimeter
@®Conversion

Au+Au 20-40%
\ S\ =200GeV

Yield is from PRC 91, 064904

— Need more systematic study on photon proguction
v Collision system & energy
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« Cu+Cu 200GeV(MB, 0-40%)
v’ Different collision species
v' Covering small N, region
« Au+Au 39(MB) & 62.4GeV(0-20%, 20-40%, MB)

v Study of \/syy dependence
1. Direct photon yield

2. Inverse slope of exp. fit (T.x) arXiv: 1805.04066

Is\n=200GeV Cu+Cu MB

—e— Cu+Cu

AutAu—7+X, |y|<0.35
0-86%, |s,,, =39 GeV

AutAu—y+X, |y[<0.35
0-86%, |\s,, =624 GeV

—o— Toaxp+p
--------- T oaxp+p fit
= _ -p_/B
Fit o EXPLP, /T ] B Ae 4T, xpep fit
T, = 0176 £0.027 + 0,070 GeV

— Extrapolated to 1 GeV/c o . ZOOGQV

39GeV | |5, 1 CurCu
Au+Au H,, M8

Fit o Exp[-pTJ‘T il
Ty =0.214£0.026 £ 0.045 GeV

— Extrapolated to 1 GeVic

62.4GeV
Au+Au

T
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« dN,,/dn: Useful measured observable for study of direct
photon production across a wide range of /syy systems

arXiv: 1805.04084

B ORI R LN XN« OBserved Ny -Scaling for
® Au+Au, \s,, = 62.4 GeV

B Au+Au, {5 = 200 GeV hlgh Pr phOTOﬂS R
¢ Pb+Pb, {5y =2.76 TeV ‘ v Dominated by initial hard

Fit: svias /o’ veg® 4 ' SCCIﬂ'el'iﬂgS
« Attempt to translate N, to
dN,/dn for different eney/
systems

v Introduction of /sy
dependent cons

= Ncoll(\/m) = (ch

n) .25
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arXiv: 1805.04084

® Au+Au, fS_NN =62.4 GeV, 0-86% SNN =200 GeV: 4 Pb+Pb, SNN = 2760 GeV, 0-20%
¢ Au+Au, (s, = 39 GeV, 0-86% B Au+Au, 0-20% : B Au+Au, |s,, =200 GeV, 0-20%
O p+p, 5 =624 GeV 0 AusAu. 20.40% ® Au+Au, |5, = 62.4 GeV, 0-20%

O P+p, 5 =63 GeV : + Cu+Cu, {5, = 200 GeV, 0-40%
—_ pQCD, 15 = 62.4 GeV ; A Au+Au, 40-60% — pQCD, s = 2760 GeV

, 1s = 200 GeV
... pQCD, Vs = 39 GeV O PP .... PQCD, 15 = 200 GeV
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v High p;: separatfion by /syn
v Low py: surprisingly consistent for all ceniralities & +/Syn
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arXiv: 1805.04084

¢ Pb+Pb, {5, = 2760 GeV, 0-20%
B Au+AU, Sy, =200 GeV, 0-20%
® Au+Au, Y5 = 62.4 GeV, 0-20%

*+ Cu+Cu, {s, = 200 GeV, 0-40%
— PpQCD, Vs = 2760 GeV

... PQCD, Vs = 200 GeV

A+A/p+p — \ +X

[#] Pb+Pb, ys, = 2760 GeV

-Au+Au,\[s_NN=200 GeV PHENIX
O p+p, Vs =200 GeV
® p+p, Vs =62.4 GeV

—h
<

PHENIX

N, Scaled prompt photons

p+p fit, s = 200 GeV
—pQCD, Vs = 2760 GeV
—pQCD., Vs = 200 GeV
—pQCD, Vs = 62 GeV

P, [GeV/c]

« Integrated yield for p>5GeV/c
v Dominated by hard photons
v’ Larger yields with higher /syy. but same trend with

chh/dn
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arXiv: 1805.04084
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.o Scaled prompt photons

p+p fit, s = 200 GeV
—pQCD, Vs = 2760 GeV
—pQCD, Vs =200 GeV
—pQCD, Vs = 62 GeV

P, [GeV/c]

« Integrated yield for p;>1GeV/c
v Dominated by thermal photons

v Unigue scaling with dN,,/dn for all HI daig
— Large contribution near phase transitiorf to HG ?
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« Theory calculation predicts unigue multiplicity scaling gt

thermal photons as well.
v Expected transition at N_<20

— No data point so far
v’ Different slopes for thermal and hard photons
— Same slope in data

TRANSITION POINT EXIST?

A+Alp+p — Vo X a=1.25
14 Pb+Pb, |s,, = 2760 GeV PHENIX

£ W Au+Au, \Suy = 200 GeV

E @ Au+Au, (s = 62.4 GeV _—"I

19 Au+Au, |5, = 39 GeV *,.n"

E v Cu+Cu, Sy, = 200 GeV -

E O p+p, Vs =200 GeV &J’*'

: |

- N, scaled prompt photons

= p+p fit, {s = 200 GeV

= —pQCD, Vs = 2760 GeV
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« Experimental results suggesting collective motion In
small systems with high mulfiplicity

— Possible formation of QGP even in small systems
PRC95, 014906 (2017)

mlleeolll © Thermal phofons as an evidence

of QGP formation in small systems

« Theoretical prediction of thermal
enhancement:

V' Ry =y / (N X yh9r9)
s PHEN v’ Less visibility at larger syste
min. bias

- Rprb>RypAu>RydAu>Ry
— Available 0-5% & MB p+Au
at RHIC energy
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p+Au — y+X
Sy = 200 GeV:
E 0-100 %, Ext. conv.
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p+Au — y+X
VSnn = 200 GeV:

E 0-5%, Ext. conv.
2 n

[ | PT
f(pT)=NcoII A1 +FO

—~—
PH-<ENIX
preliminary

Successful measurement for MB & 0-5% in p+AuU
v MB: consistent with binary-scaled p+p baselne

— Same for d+Au MB

v 0-5%: enhancement over binary-scaled p+p baseline



OMPARISON OF p+Au PHOTONS

or (S = 200 GeV, I <0.35 or (50 = 200 GeV, I <0.35
(= p+Au, 0-100 % - ‘= p+Au, 0-5 %
4 — — Thermal, Shen et al 4 — — Thermal, Shen et al
B B | |
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> 3 - 3 +
< - Y = < i N
Yol PH ENIX | % | + PH. ENIX
o - preliminary o - preliminary
21 p+Au 2r + p+Au
I | MB I L + 0-5%
= ] | | L
1 _—-4-_'_-_'.'-“ EECEEEE PR e, PP EE T """"""""""""""""" 1:,"" 1 _-—-'-':"_"'_'_-_'.-“"“"-'::::::T: ::: f ''''' { """"""""""""""""" 1:,"" /
O i [ | [ | | [ | L | [ | O i | [ | L | [ | [ | [ | | ‘
0 2 4 6 8 10 0 2 4 6 8 10

VA

« Consistent with theory calculations for both MB &4-2%,

but hot conclusive.
v Need more data for systematic study in srhall systems




« Unigue scaling

with a wide range of \/syx

v Possible explanation by a large photon pro
near the phase transition to Hadron

« Observation of enhanced photons in 0-5% p+Au m/

v Positive indication for QGP formation in small sys’re/



