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« Motivation: ¢ puzzle

e CurrentalgebraT << M,
e One loop ChPT T' << M,
« Beyond one loop 1" ~ M,
 Implication for ¢ @ RHIC
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channel dNy/dy | stat. error | sys. error
o— KTK~ | 201 +0.22 +1.01/-0.52
¢ ete” 5.4 +2.5 +3.4/-2.8

Au+Au @ 200 AGeV
PHENIX: Nagle et al., nucl-ex/0209015
similar observation by NA49/NA50

Lissauer & Shuryak '91 1

Blaizot & Galain '91 |
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HIC’s in the SIS/GSI regime: finite density, low temperature
Effective chiral Lagrangian (kaplan & Nelson 86)

_ DTN — _
Lx = 0"Prd,Px — (m%{ fI;N\InIf) Dy D

3 _ =
SfQZ‘IJW‘I@Ka“@K + O((1/12)°)

Klein-Gordon equation:

3i =
c%@“ T ‘4;}7#8“ + (m%{ fKQNpS)} (I)Ki =0
_ 3
Vector field : V), = 8—f2jﬂ
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"in—-medium mass"’ guasiparticle mass
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* | for K~ = Ay405 resonance —- coupled channels
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Interaction of pseudo-scalar mesons @ low energies

—> ChPT
— Pion self-energy X(p?, E') from 7K forward scattering

amplitudes (on-shell pions (p? = M?2) and off-shell kaons (p? # M?())

3
Ai(s, t,p2) = 8m+/s (a§ -+ p*2(b§ + 3a1i) + §taf)
+ ¢ (p® — M)
a, : scattering length

b, : effective range
p* ./ c.m. momentum
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Bose distributions:

d3 7y E’ﬂ'_ T -
dn, = 2 (exp( ,u) 1)

(27)3 T
chemical potentials: p,+ = —p—, 0 =0
Near threshold: = expand A=(s, t, p?)
Self-energy:

—-X(p*,E) = /A+(87 0,p°)(dngrr + dngro + dngr-)

un /A_(S,O,pz)(—dnm+ + dng,-)
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In-medium dispersion law:

E};_L)(p) = ::\/p2 + MIQ{ + (5M}2{ + Vi

mass shift: oMy, vector potential: Vi
nuclear matter: Mg <0, Vg+ = —Vg- >0

current algebra prediction for a, b (weinberg, cronin ):

N+ — N

OMpg+ =0, Vg ==+ o

RHIC: n+ ~ n_-

5MK:O & VKQO
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Current algebra: af = b + 3a] =0
One loop ChPT: corr. O(p*) semad, keiser, Meissner ¢91)

0.023 £0.012 0.054 £ 0.008
(_)l_ — Mﬂ_ . b(—)l_ —I_ SCL;— — M3

a

s and p-waves contribute =—- momentum dependence
Extraction of ) M and Vi more dfifficult!

> 10X
oM Vik=——, Vk = ——
KT VK oM K=55% .
2Ny
Vie = i (CLS_ —|—2M7TMK(I?8_ —|—30JT—))

M?T—I_MK
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T << M,

Larger 7' — phenomenology !
Inculde K* EXChange N D WaVE (see e.g. Lissauer & Shuryak '91)

Phase shifts:

b S 2 b S
8 ~ (agp* + (by + g&é?’)p ?)

a1/2 . al/g‘(Mﬂ + MK)2 — M2, + VM s 1 e
! ! s— Mz, + iMgTgs
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like In nuclear matter: oMyg <0, Vg >0
But now: Vi+ = V-
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Phase space argument. (Blaizot & Galain 91)
My < 0 = ¢ — KK enhanced
OMy > 0= ¢ — KK reduced
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But collisional broadening = finite I'x
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> < 0 :== enhanced ¢ — K K decay
@ T =170 MeV : T4 ~ 3% = 12 MeV
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No of particles from ¢ decay:
T = average time to travel through fireball

Poutside =+ Pfénside ) Psurvival

L'y
-y -T
Nyter ~ e "B+ (1—e 1B

NK[_( -~ €—F¢T | (€_F¢T—€_2FKT)

RHIC conditions: 7" = 120 = 170 MeV

effective ee— enhancement of 2 = 3
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« Resonances In a pion gas: ¢

« match low and high 7' regime

« — mass modification of kaons

« — faster ¢ — K"K~ decay inside fireball

« — enhanced apparent ¢ — e*e~ branching

Martemyanov, Faessler, C.F. Krivoruchenko

PRL In press
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