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|&d Selected for a Viewpoint in Physics s
PRL 104, 132301 (2010) PHYSICAL REVIEW LETTERS 2 APRIL 2010

Enhanced Production of Direct Photons in Au + Au Collisions at /s yy = 200 GeV and
Implications for the Initial Temperature

The production of e*e™ pairs for m,+,- <03 GeV/c? and 1 < pr <5 GeV/c ismeasuredin p + p A-Adare et al-
and Au + Au collisions at ,/Syy = 200 GeV. An enhanced yield above hadronic sources is observed. (PH EN |X)
Treating the excess as photon internal conversions, the invariant yield of direct photons is deduced. In
central Au + Au collisions, the excess of the direct photon vield over p + p is exponential in transverse
iR an inverse slope T = 221 + 1959 + 199 MeV. Hydrodynamical models with initial

it = 300-600 6-0.15 fm/¢ after the collision TC¥
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Direct photon “puzzie”

High yield (high T'?) vs. strong flow (hadronic?)
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E.g., simple fireball model
(at : radial flow acceleration )
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Photon sources

* Penetrating = integral of all stages
* Direct y = all — hadronic origin

D G |
4 %%Z Y
Free streaming

hadrons ]
—|/Hadron Gas

Quark Gluon Plasmal|

Pre-equilibrium phase

Strong field — Glasma?
Initial hard scattering
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Thermal photons (kT <2—3GeV/c)

 Plasma: HTL ca

Quarks
High T = Hig

UL g

[e * Hadronic: Model calc

pions

h rate Low T = Low rate

—————————

L @ -]
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Thermal photons (% <2-3Gevic)

* Plasma: HTL calc  Hadronic: Model calc
Quark brems. pions
High T = High rate Low T = Low rate
but small volume Large volume + flow (Tef)

[ All stages give significant contributions ]
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Photon souces (revised)

= r‘.' t

’
hadrons
Hadron Gas

(Quark Gluon Plasma) [ Photon emission at ]

hadronization

Pre-equilibrium phase YoungPratt

- Campbell
Strong field — Glasma? HF-Itakura-Nonaka

Initial hard scattering
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Radiative recombination

 Glow: e+I+ » A+y

https://en.wikipedia.org/wiki/Glow_discharge

- CMB: e+p - H+y

* Nebula: e+p »H+y

* pp chain, CNO cycle, ..
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Radiative reco & hadronization

* free-bound trans.
- E-M cons requires
energy release

260

 “free”-"free” trans oy Blotken+Bag
20 v model
- QGP therm. rad. =2 |
- Hadronic therm. radZ ™ ‘ G
f - - \ — T, =170 MeV
Radiative ReCo may 160 ——_— = 150 MeV
solve the “photon 140 ’
| puzzle” ) (N I R R

To T3 - [fm] -,-f Ty
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Hadronization via ReCo

 Quark Reco model for pt ~ 2GeV

e,
O -
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Modeling radiative ReCo

 Subtleties Iin original ReCo:
- Entropy reduction? E-M conservation?

 Radiative ReCo model
- 2-step model= interim state + radiation
- satisfying conservation laws
q v

“interim state” |

Original Reco model radiation part
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Estimate of y production .

Normalization
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2D model for M* --> M+vy

 Dist shifted to lower:

kT E. dQN* N G_PT/T*
d? PrdPr,

d*N 7 — k1 /Tets

~ e
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_parallel kinematics
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T Of mesons & photons

* PT/T* == kT/Teff
- high K+ meson + soft y
KT ~ PT kT ~ 0

350

L)~

- high k1 y + soft meson
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v2 -- CQN scaling

input: quark v2

e v2(M) ~ v2(M*) vy (pr) 5 (po/pr )2

e v2(y) ~ v2(M) mom shift
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sznq

v2 -- CQN scaling

input: quark v2

* v2(M) ~ v2(M¥*) vl(pr) < .
e v2(y) ~ v2(M) mom shift
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Comparison to RHIC data
Not aiming at a data fit
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Hadron yield vs Centrality

 params for 1

VT=0.6

norm

Centrality dependence at RHIC

B 1o . ~ b=30fm ]
M*=2M,=0.6 GeV % | | T b3S — |
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Y production

T
K x10

 params fory

Yfrom K -------
totaly —

K=0.1

ng 10-20%
K" 10-20%

directy —=—

yfromm ------ E

y, 1, K

1/N,, (d* N/27tpy dpy dy) [(GeV/c) 2]

e result:

Tslope (2-5 GEV)

n
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0
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Y ...287 MeV

I/N,, (d* N/27ip; dpy dy) [(GeV/e) ]

* y dist is blue-shifted

asS mesons
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Y production

 params fory
K=0.1

* result:
Tsiope (2-5 GeV)
M* ... 320 MeV
T ... 303 MeV
Y ... 287 MeV

* y dist is blue-shifted

aS mesons
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1/N,, (d* N/27tpy dpy dy) [(GeV/e)™]

I/N,, (d* N/27ip; dpy dy) [(GeV/e) ]

H. Fujii (UTokyo)

1078
H \\\
107 F)

il :
o VI

a2 R

i
K x10
vyiromm ------ .
yfromK -------
total y ———

° 10-20%

K" 10-20%

K x10

il 29304008

KT 20-40%

yiromm ------ +
yfromK -------
total y

0

direct y —=—

6
pr [GeV/e]

10 12

20




Vi

y elliptic flow v2

0.25 : 0.25 .
Y — b
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HIC at Sophia U. '19/Jun/22 H. Fujii (UTokyo) 21



Summary & Outlook

* y production in hadronization has
been modeled as a 2-step process

- Rad-ReCo keeps characters of original
ReCo

- implies larger vy yield and its large v2

* For quantitative model of Rad-ReCo
- Baryons? Interim states spectrum?
- Compiling all y sources
- Hydro simulations

HIC at Sophia U. '19/Jun/22 H. Fujii (UTokyo) 22



	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22

