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@ Electromagnetic probes and vector mesons

© Hadronic models for vector mesons
@ Realistic hadronic models for light vector mesons
@ Hadronic many-body theory (HMBT)

© Dileptons in AA collisions
@ Fireball model for evolution of the bulk
@ Sources of dileptons

© Dileptons at the SPS
@ Invariant-mass spectra
@ mr spectra and slope analysis

© Dileptons at RHIC
@ Direct Photons at RHIC and LHC

@ Quiz
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Em. probes and vector mesons
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Why Electromagnetic Probes?
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Vector Mesons and electromagnetic Probes

@ photon and dilepton thermal emission rates given by same
electromagnetic-current-correlation function (Jy, = Y.r OrWr ¥y W)

@ McLerran-Toimela formula (cf. Lecture II)

M) = [ d*vexplia-x) (Ju(0)() = ~2n5(q0) T (0)

dNV Oem uv (ret)
T S :
W =~ I |l
dN,+, a? (ret)
€C — _oHv ImII .
dAxd®k 8 36]2753 m nv (q>u) qZZMfﬂ,fB(p Lt)

o manifestly Lorentz covariant (dependent on four-velocity of fluid cell, u)

@ to lowest order in a: 4molly,y ~ Zm

@ derivable from underlying thermodynamic potential, !
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Vector Mesons and chiral symmetry
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Hadronic models for
light vector mesons
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Realistic hadronic models for light vector mesons

@ many approaches
e gauged linear o-model + vector-meson dominance (pisvs, Uuswoz]
gauge-symmetry breaking = pions still in physical spectrum!
e massive Yang-Mills model; gauged non-linear chiral model with explicitly
broken gauge symmetry [meiss, Lsyos]
o hidden local symmetry: Higgs-like chiral model (skss, Hyos, nyos
allows for vector manifestation or usual manifestation (with a;)

@ here we concentrate on the phenomenological model by Rapp,
Wambach, et al [RW99, RG99, RW00]
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Hadronic many-body theory

@ Phenomenological HMBT [rwoo. rco9) for vector mesons

@ 77 interactions and baryonic excitations

T k
. B, a Kl""
p P p p
T N, K, «,...
@ Baryon (resonances) important, even at RHIC with low net baryon

density np—np

@ reason: np-+ng relevant (CP inv. of strong interactions)
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The meson sector (vacuum)

@ most important for p-meson: pions
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The meson sector (matter)

@ Pions dressed with N-hole-, A-hole bubbles

@ Ward-Takahashi = vertex corrections mandatory!
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The meson sector (contributions from higher resonances)
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The baryon sector (vacuum)

B,a, K

Py 1, 1,...

N, K, «,...
@ P = 1-baryons: p-wave coupling to p:
N(939), A(1232), N(1720), A(1905)

@ P = —1-baryons: s-wave coupling to p:
N(1520), A(1620), A(1700)
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Photoabsorption on nucleons and nuclei
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In-medium spectral functions and baryon effects
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@ baryon effects important

large contribution to broadening of the peak

e responsible for most of the strength at small M

o important even at RHIC and LHC although n,eg = ng—ng ~ 0 (ug ~ 0)
e reason: C-invariance of strong interactions = ng+ng relevant!
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Dilepton rates: Hadron gas <> QGP

@ in-medium hadron gas matches with

F T T T T T
107F --free HG 3
P — in-med HG ] QGP
10 { - free QGP 7 ..
I: — in—med QGP| o similar results also for 7y rates
107 3 .
£ 0 T=150MeV 1 @ “quark-hadron duality”?
e u E . : .
% @ does it work with chiral model?
O] i )
‘.*E ; @ hidden local symm.+baryons?
= [Harada, Yamawaki et al.]
3
md)
©
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Dileptons in AA collisions
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Dilepton rates at SpS
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@ how to decide about scenario experimentally?
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@ need to compare (more) precise data to detailed models!
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Fireball and Thermodynamics

o 2
o cylindrical fireball model: Vig = (20 + vzot + §1%) (%12 +1ro)
@ thermodynamics:
e isentropic expansion; Sy fixed by Neh; Te = Tehem = 175 MeV
o T > T.: massless gas for OGP with NfT =2.3
o mixed phase: fiig() = [s&°" —s(1)]/[s% — sHE]
o T < T,: hadron-resonance gas
® = T(t), Uvaryon,meson () e chemical fo.
@ chemical freezeout: — 9pg=250
chem __ — slpg=26
o ughem — 232 MeV
o hadron ratios fixed 7 t AGS
= Un, U, Uk, Uy at fixed AT
s/pp =27 +SlS
0.05-
@ thermal freezeout: | & Reon. Phve. Fos. 66 2002) 017501
t R.Rapp, Phys. Rev.
To, 1) = (120,80) MeV
(Tro, kz’) = ( ) K 02 04 06 08

[GeV]

[\
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Flow and particle/resonance distributions

assume local thermal equilibrium: 7(¢)
collective radial flow: u(7,X) = 1/v1—72(1,V)
V(t,%) =a, X, /R(t)
phase-space distribution for hadrons (£ cooper. 6. Frye 741
dn; & p~u(t,5c’)—,ul-(t)
TP ay ( T(1) >

o NB:
e covariant notation d*¥d*p = p,do“d3p/\/p? +m?
e pu(t,X) = po: energy of particle in rest frame of fluid cell
e leads to “Doppler shifts” of hadron and dilepton spectra;
for radial flow in HICs: blue shift = hardening of pr spectra

@ phase-space distribution for bosonic resonances:
dN; 8i p-u(t,X) —
= _2 l“l Di
d*pd3x (271')4fB < T(1) =20 )]

@ D;(p): propagator of resonance,
Ai(p) = —2ImD;(p): spectral function
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Sources of dilepton emission in heavy-ion collisions

Rest of lecture based on ros, Hros)
@ “core” < emission from thermal source mrss, kot
1 dN (thermal) thermal)
— d*x / d / Md Acc(M
qr deqT / y (p d4 ( aQT»)’)

“corona” <> emission from “primordial” mesons (jet—quenching)
after thermal freeze-out < emission from “freeze-out” mesons

[Cooper, Frye 1975]

(fo) _ di‘l u i /y Lmesonsete-
N = 7 qudotfp(uug”/T) Acc

Fme son

@ additional factor ¥ = go/M compared to thermal emission
@ physical reason

r . .
e thermal source rate o< TmedM;W

r
e decay of mesons after fo: rate o< "“’Ii""i*m

meson

@ initial hard processes: Drell Yan
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Radiation from thermal sources: gg annihilation

@ General: McLerran-Toimela formula

dNMD o L(M?) = L
iy e (@ u— (1)
= 1m§ 1§

dadtq ~ 3m M2 WY em.i( WB( (1)

@ i enumerates partonic/hadronic sources of em. currents

@ in-medium em. current-current correlation function

My, =i [ dtexplign©6) ([, (0.7 (4)] )

@ in QOGP phase: gg annihilation
e HTL improved electromagnetic current correlator

q

—illem,Qap =
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Radiation from thermal sources: p decays

@ model assumption: vector-meson dominance
-

£+

o L(M?)mh 4= 20a(0)
2 Sw M) (M ”( ) )

@ special case of McLerran-Toimela (MT) formula

e M? = ¢*: invariant mass, M, of dilepton pair

o L(M?)=(1+2m}/M?),/1—4m?/M?: dilepton phase-space factor
° Df,f (M,q): (four-transverse part of) in-medium p propagator

at giVen T([), Hmeson/baryon ([)
@ analogous for w and ¢

Hendrik van Hees (GU Frankfurt/FIAS) Em. Probes in HICs IV March 31-April 4, 2014 23/59



Radiation from thermal sources: multi-7 processes

@ use vector/axial-vector correlators from 7-decay data
o Dey-Eletsky-loffe mixing: € = 1/28(T, Uz)/€(Te,0)
My = (1 - )55, + 52 TS, + Z(Ziﬂi)ﬂfx?%ﬂ

@ avoid double counting: leave out two-pion piece and a; — p + 7
(already contained in p spectral function)

0.08 e e 005~ e e
R Ry R R ; Al et av] e
0.07 3 Vit>2nv,] «x E E Alt—»3nv,] =* E
: T i 0.04 T
& 006 £ p + cont. D a; +cont. ——---
Z 005 | mp) === 4 2 g3k 3 ay) e 1
< 004 b 4m (fit) ----- £ 57 (fit) ——-—
> 0.04 ¢ < L ™ 1
= 3 1 E o002 > “ 1
Z 0.03 ¢ 1 2 o ]
002 [ data: ALEPH at LEP o | "9
d E 0.01 - ; 3|
0.01 F X - : a
0 Bl lid i m g TR o S i ] 0k . =
02 04 06 08 1 12 14 16 18 2 02 04 06 08 1 12 14 16 1.8 2
M? (GeV?) M? (GeV?)

Data. [R. Barate et al (ALEPH Collaboration) 98]
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Radiation from thermal sources: Meson t-channel exchange

@ motivation: g7 spectra too soft compared to NA60 data

@ thermal contributions not included in models so far
-

@ also for &, a;
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Radiation from thermal sources: Meson t-channel exchange

o t-channel exchange contributions become significant at high momenta

@ Mass integrated rates:

107 : : : 10° : . .
0.4 GeV<M<0.6 GeV P 0.6 GeV<M<0.9 GeV
10 PR 3 107 F TTReal 1
N NN
; g RN
107 [ael 1% 08t BN ]
] NUSO E U oE.o.ol_. NS
RO T1 A SR, SN 4= - N,
Lo10T Eeemimee I~ S .
0 ., © -9 B
e 9 S 10
= 107 {1 =
] T 0 N
% ot \\ ] % 10 . S
in-med p: T=150 MeV — T ;| in-med p: T=150 MeV — R
1011 [ in-med p: T=180 MeV -—— ’ 10" ¢ in-med p: T=180 MeV -——— ~
o-t ex: T=150 MeV e o-tex: T=150 MeV _—
o-tex: T=180 MeV - -t ex: T=180 MeV -
IO-IZ L L L 10-12 L L L
0 0.5 1 L5 2 0 0.5 1 L5 2
q(GeV) q(GeV)
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p decay after thermal freezeout

@ assume “‘sudden freezeout” at constant “lab time”: t = #z,
e then Cooper-Frye formula with do* = (d’%,0,0,0)

(fo)
de%l*l’ _ FHF dN;
BrdYg T drd'g

MT)
_ao 1| Wos
M riet | dxdiq s

@ use vacuum p shape with in-medium width I'y* ~ 260 MeV
@ NB: Momentum dependence for dilepton spectra from p decays after
thermal freezeout:
like hadron spectra!

e & [TI~ from thermal sources softer by Lorentz factor M /q" compared to
It1~ from decay of freeze-out p’s
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Decay of “primordial” p mesons

@ p mesons, escaping from the fireball without thermalization
@ pp data for initial p spectra; Cronin effect via “Gaussian smearing”
@ Schematic jet-quenching model

Pec=exp (4o p(0)).

oph =0.4mb for 1<qo/mpTt

o (1) =
Ohad = 5 mb for > qo/mp T
10 F model central (EoS-A)" ‘ ] @ check with pion R4 data
T o model central (EoS-B) Ll ] . .
Spommee- model central (EoS-C) . . Y “prlmordlal P’S” + freezeout p,s
Pb+Pb— +X (WA 98) : e
L Pb+Au— 7+X (CERES) : :
L2 S+Au—s T+X (WA 80) @ hard gr spectra
< . . . .
ot including jet quenching
0.5
0.2
0.1 : ‘ s -
0 1 2 3 4 5

qr (GeV)
April 4, 2014 28/59
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Drell-Yan Annihilation and correlated charm decays

@ invariant-mass spectrum for DY pairs

avgy | 3 A4/3 dopy
dMdy|,_, 4zR}  dMdy
do)y  8ma ) _ _
DY Ko Y eElan)ate) + (e

q=u,d,s

@ parton distribution functions: GRV94LO
@ higher-order effects
e K factor
e non-zero pair g7: for IMR and HMR fitted by Gaussian spectrum
(NAS5OQ procedure)
@ extrapolation to LMR: constrained by photon point M — 0
e Correlated decays of D and D mesons
o use data (provided by NA60 collaboration)
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Dileptons at the SPS




CERES/NAA45 dielectron spectra

ee

(N_/dM) / <N > [100 MeV/c’]

@ good agreement also for dielectron spectra in 158 GeV Pb-Au

o further check of low-mass tail from baryon effects down to M — 2m,
35% Central Pb(1 58AGeV)+Au

o

<IN -

L L R I
Pb(158 AGeV)+Au
(7% central)
<N, >=335

S @ee>35mrad B

e CERES’00 1
- — in-med p+(o+¢
— - 47 mix ]

QGP ]
- DY
— total ]
-—- total (no bar p)

p>0.2GeV i
2.1<n<2.65 ]

ee

10°F

o

<N \>= 250

N~_-

Cocktail ™. -

T T T

= CERES '95+'96

— freep

— in-med p+u)+¢+QGP+41r

p>0.2GeV |
2.1<n<2.65 4
0, >35mrad ]

S

2 -1
(@°N /dndM)/(chh/dn) [100MeV]

O &

s
T A R A
0 02 04 06 038

M, [GeV]

Hees (GU Frankfurt/FIAS)

014

31/59



NAG60 vs. Hadronic many-body theory

e p, w, ¢ multi-r, OGP, freeze-out+primordial p, Drell-Yan

AN, aM (counts)

Vay AN, /(dgy dy) (counts)

2000

1000

1000

semicentral In-In NAG) —a—t NAGD —a— semicentral In-In NAG60 —a—
allgy inmedp —— in-medp —:— ar v inmedp —:—
TT =175 MeV QGP+DD 300 QGP+DD 00 | T QGP+DD
1500 prim p FO+primp ——
FO + primp —— - 4 mix ===- =
ammix === £
g ow o R
1000 sum 5 Z
3 400 = a0
z z
200 N { 200
N,
e
) L ) et o -
02 04 06 08 1 12 14 02 04 06 08 1 12 14 02 04 06 08 1 12 L4
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s 7
" 10f 10 N
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S 0.4 GeVaM<0.6GeV  qopa - B3 0.6GeVaM<0.9Gey o001 1.0 GeVaM<14 GeV  (oqal
5 N inmedp  —— a a7 mix
10 GP dmmix in-med p
Bs 8 . H in-med p Q6P
. FOsprimp - - 2 GP B% .
10 S, DY Fop P
% FOp primp .
. 2 primp
10° 3
]
&
10 =
L TeTge 175 Mev TETy=I75MeV s T=Ty=175 Mev :
10 0 S o LI . N
o 05 1 15 2 25 0 05 1 L5 2 25 0 05 1 15 2

@ M spectra
e consistent with predicted broadening of p meson
e M < 1GeV: thermal p; M > 1 GeV: thermal multi-pion processes
@ my spectra
e ¢; < 1GeV: thermal radiation
o g; > 1GeV: freeze-out + hard

n Hees (GU Fi

nkfurt/FL,

mpM (GeV)

primordial p

mp-M (GeV)

, Drell-Yan
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M spectra (in p7 slices)

105 b TETg=175 MeV, a=0.1 ¢*/fm NA6) —e—i |
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M spectra (in p7 slices)
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M spectra (in p7 slices)
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M spectra (in p7 slices)
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M spectra (in p7 slices)

(1/Ngy) d°N,,, /(dM d) (20 MeV)™!
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M spectra (in p7 slices)

(1/Ngy) d°N,,, /(dM d) (20 MeV)™!

105 b TETg=175 MeV, a=0.1 ¢*/fm
0.8 GeV<q,<1.0 GeV

10° ¢

107

108

107

NA60
in-med p
QGP
prim p
FOp

47 mix

33/59

Hendrik van Hees (GU Frankfurt/FIAS)

Em. Probes in HICs IV

1-April 4, 2014



M spectra (in p7 slices)
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M spectra (in p7 slices)

105 b TETg=175 MeV, a=0.1 ¢*/fm  NAGD —e—
2.0 GeV<q<2.2 GeV in-medp —-—

t QGP
primp ==--~-
FOp ——
4T mix —=—=—
DY ——
q) —
® ———
o-tex ===+
tota] ———
+O-tex =+ = -

—
o.
(=)}
T

—_
S
N
T

)

(I/N ) &N, /(dM dn) (20 MeV)'!
=

107 } g 4
e i
¥I : T ) 1 ’lg 11 1 1
0.2 0.4 0.6 0.8 1 1.2 1.4
M (GeV)

Hendrik van Hees (GU Frankfurt/FIAS) Em. Probes in HICs IV arcl - 33/59



M spectra (in p7 slices)
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Importance of baryon effects

@ baryonic interactions important!
@ in-medium broadening

@ low-mass tail!

c Mgy no baryons
E full model
N

= 107 ¢

=

=l

=

2

=

Z:L 10° ¢

N

o

5 all qp

Z T,=T,=175 MeV, a,=0.1 ¢*/fm

< 10? ‘ ‘ ‘ ‘

02 04 06 08 1 12 14
M (GeV)
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Sensitivity to T, and hadro-chemistry

@ recent lattice QCD: T, ~ 190-200 MeV or T, ~ 150-160 MeV?
o thermal-model fits to hadron ratios: Tcpem =~ 150-160 MeV

02 T 0.1 ——
019 Re=">  psh - | S
018 EN\- S oS- 1 o0 | BoS
: . EoS-C ——-= EoS-C ——--

0Tt _ S i

2006 S———m N >, = 006

S 015 e

= £ 0.04
0.14 =
0.13 | 0.02
0.12 |

4,=6.7 fm/c 1,=6.7 fm/
P o
0 1 2 3 4 5 6 7 o 1 2

t (fm/c)

@ EoS-A: T, = Tehem = 175 MeV
@ EoS-B: T, = Tchem = 160 MeV
@ EoS-C: T, =190 MeV, T¢hem = 160 MeV
@ T, > T > T¢hem: hadron gas in chemical equilibrium

@ keep fireball parameters the same (including life time)
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EoS-B
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@ mass spectra comparable to EoS-A < slight enhancement of fireball
lifetime

e in IMR QGP > multi-pion contribution

@ higher hadronic temperatures = slightly harder g7 spectra

@ not enough to resolve discrepancy with data




EoS-C
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@ mass spectra comparable to EoS-A < slight reduction of fireball lifetime
@ in IMR multi-pion >> QGP contribution

@ higher hadronic temperatures + high-density hadronic phase = harder
qr spectra

@ better agreement with data




Inverse-slope analysis

@ to extract T fit to

1 dN 1 dN < mT>
— = = T Cexp (-t
qrdgr  mrdmr Tesr

o fit of theoretical g7 spectra: 1 GeV < gr < 1.8 GeV

300 ! ! ! ! ! 300
250 | ¥ x ¥ ¥ 1 250 | ¥ z A 4 ¥
o *ﬂl{ ST q; o *m* o= q;
3 g Vool 3 T PN S -+
2200 Fatad Sse_ 1o =1 2200 ¢ RgPie Seo _
] o P = 1] /,/’,/ ______
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t’,/’ EoS-A === t’,/" EoS-A ===
150 F EoS-B —-—" 4 150 F EoS-C —-—
NA 60 —8&— NA 60 —8—
NA 60 LMR »—y— NA 60 LMR —wy—
NA 60 IMR no DY —#— NA 60 IMR no DY ——
100 . . . ! . 100 . . . ! .
02 04 0.6 08 1 12 14 02 0.4 0.6 0.8 1 12 14
M (GeV) M (GeV)

@ standard fireball acceleration: too soft g7 spectra

@ lower 7, in EoS-B and EoS-C helps (higher hadronic temperatures)
@ NB: here, Drell Yan contribution taken out
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Inverse-slope analysis

300 300
250 | ,E\i ] 250 | x ¥
*/f . \i ¥ Y A
s L b s N ¢
) ,/ - ~. - B R I —
= 20 t/ P = | ¥ R4 -
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150 | EoS-B, a,=0.1c%/fm ==~ | 150 | EoS-C, a,=0.1c%/fm
NA 60 —8— NA 60 —8—
NA G0 LMR —y— NA 60 LMR —y—
NA 60 IMR no DY ~—#— NA 60 IMR no DY ~——
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02 04 06 08 1 12 14 02 04 06 08 1 12 14
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e enhance fireball acceleration to @ | = 0.1¢*/fm
o effective at all stages of fireball evolution
o agreement in IMR not spoiled < dominated from earlier stages

@ EoS-B harder < relative contribution of harder freezeout p decays vs.
thermal p’s larger
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Inverse-slope analysis

300
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ez fEry
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(]

sensitivity to contributions from meson #-channel exchange
e hardens low-mass region

e using vacuum p in #-channel contribution: enhances slope in p region
@ sensitivity to Drell-Yan contribution

o for IMR: describes effect seen in data (open vs. solid square data point)
e in LMR: too high around muon threshold <

due to uncertainties in extrapolation to low M?!?
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IMR: QGP vs. multi-pion radiation

200
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— in-med QGP *

T=180MeV

0.0

05 1I.O 5 15 2.0
M, [GeVic?]

o different critical and freeze-out temperatures
T.=160...190 MeV, Tchem = 160...175 MeV

@ M- and p7 spectra comparably well described!

@ reason: 7 vs. volume = maximal [T/~ emission for T = T = M /5.5

@ hadronic and partonic radiation “dual” for T ~ T,
compatible with chiral-symmetry restoration!

@ inconclusive whether hadronic or partonic emission in IMR!
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Update: Using lattice equation of state

@ use equation of state from lattice calculations (cross over!)
@ use QGP rates adapted to recent lattice results
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Update: Using lattice equation of state

@ use equation of state from lattice calculations (cross over!)

o use QGP rates adapted to recent lattice results
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UrQMD: Coarse-grained transport

@ using the coarse-grained transport approach at SPS energies

@ Rapp-Wambach rates

@ some sensititivity to equation of state

o
3
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Dileptons @ RHIC: PHENIX (2007)

@ huge enhancement in the LMR unexplained yet!

L B
min. bias Au+Au \[s, = 200 GeV

10" 3
I;I EAOE% -+.¢T - ee (PYTHIA) R.Rapp & H.vanHees ]
pe > 0:2 GeV/c '"'cT— ee (random correlation) — cocktail *

T

—sum w/ p vacuum
10

- -sum w/ p broadening
-.-sum/ p dropping)

— partonic yield (PY)

[

dN/dm,, (c%/GeV) IN PHENIX ACCEPTANCE

model: Rapp, HVH (a+10)
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Dileptons @RHIC: STAR (QM 2012)

T T T — T T T T T T

< T T T S
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Mass(e'e) (GeV/c?) Mass(e*e) (GeV/c?)
[Rap13], data from znai1
@ compatible with medium modifications in model calculation
@ anew puzzle at RHIC?
@ wait for “hadron blind PHENIX” central-collision data!(?)
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Direct photons at RHIC and LHC
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Fireball parametrization

@ parameters fit to initial condition + measured p7 spectra and v, of
multi-strange and other hadrons, respectively
@ can be achieved with (ideal) hydro (se, rries. Rapp, PRC 85, 044911 2012))

0.08 B
T (0-20%)
const. quarks (0-20%) ———-
T (20-40%) - - - -
0.06 const. quarks (20-40%) --------
004 ¢ P ]
o s
002 i 2 ]
&P
"; RHIC
0 L= : . . . . .

0 2 4 6 8 10 12 14

e important for “sufficient” photon v;:
e rapid buildup of v,
e (nearly) full v, at end of mixed phase
o consistent with CQN scaling for multi-strange and other hadrons!
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Fireball parametrization

e
10 04 —
o PHENIX ©" (av. 0-20%) —*— PHENIX 7 + K (0-20%)—*—
> 0 PHENIX p (av 0-20%) —&— PHENIX p (0-20%)  —=—
3 nell. fireball (0-20%) —— 03 [ PHENIX n° (0-20%) ~ —=—
= pell. fireball (0-20%) ———- el fireball (0-20%) ———
< 10 p el fireball (0-20%) -
T s 02 ]
<
&= 10" 0.1
a1t .
g 1w’
= -3 = 0 L
10
0 1 2 3 4 0 1 2 3 4 5
pr [GeV] pr [GeV]
-
L0 0.4 , o . ,
> STAR 6 (av. 0-20%) —x— STAR ¢ (0-80)% ——
<) ¢ ell. fireball (0-20%) —— STAR ¢ (10-40%) —a—
= o 0.3 | STAR § (0-5%) ——
£ 10 o ell. fireball (0-20%) —_
5
T 10! £02 ¢
g
< 1072 01 ¢
=
a0 ‘ . ‘ 0
) 0 1 5 3 4 0 1 2 3 4 5

49759




Direct Photons at RHIC

RHIC:
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Effective slopes vs. temperatures

o effective slopes of photon pr spectra are NOT temperatures!
@ emission from a flowing medium = Doppler effect

1+ (vp)
Tegg = (| ——T

Top (GeV) ——
T (GeV) :
<vp>/10

0.35
0.3
025 F '\
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Direct Photons at the LHC

LHC: same model, fireball adapted to hadron data from ALICE

107 £y ‘ ‘ 03 ‘ " ALICE prelim, = o
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[HVH, Rapp, Gale, unpublished]

large direct-y v,

early buildup of v;; here developed already at end of QGP phase
emission mostly around 7, (dual rates!) =

= source has already developed radial flow and v,

large effective slopes include blueshift from radial flow!

still additional (hadronic?) sources (bremsstrahlung?) missing?!?
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Why do we need effective hadronic models to theoretically study
electromagnetic probes in HICs?

How do we constrain effective hadronic models theoretically?

How do we determine all the parameters (couplings, masses, form
factors) of the models?

What is left to be predicted from such models?

What are the most important processes leading to medium modifications
of the vector mesons’ spectral functions?

What are the different dilepton sources that are important in UHICs?
Which interesting information can be gained from investigating also
00~ -pr spectra in addition to M spectra?

What fundamental properties about the hot and dense medium produced
in HICs have we inferred from ¢/~ data so far?

What’s the “photon-v, puzzle” in HICs? How can it (perhaps) be
explained?
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