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Z) INTERACTIONS WITH THE MEDIUM

* dressed propagators
e medium modeling
® broadening

* medium-induced spectrum



GLUON PROPAGATOR

d4291 d4p0

M({pout}7 {pin}) — / (27_‘_)4 (27_‘_)4 (27T)45(pin — pO)(27T)45(p1 — pout)
X V.({pout }, p1) G* (p1,10) Vo (D0, {Pin })

Interactions with hot & dense QGP: moditication of
momenta, color flow, tensorial structure, ...?
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INTERACTION VERTEX

= &7V (k) AP (p — k)V2(k — p, —k, p)d” (p)
= gf*2pt A7 (p — k) §°

Unitied interaction vertex for quark/gluon:

Tied = ig2pT T - A(p — k) T =t
Ta — ,[;fbac
A =6 A
Alg) = 270(q") [ dte Alt.)

No elastic energy loss in the medium; effect of Lorentz contraction of the
background field, boosted in the opposite direction to the projectile.
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DRESSED PROPAGATOR

G" (p1,po) = (27T)45(p0 — p1)d" (po)Go(po) — dm(Pl)G(pl,po)dw(pO)

* [ongitudinal modes remain “static”
® transverse modes get dressed!
e Dyson-Schwinger equation for the scalar propagator

¢ introduce the transfer matrix

= > + —— T(p1,p0) p>—

G(p1,p0) = (2m)%5(po — p1)Go(po) + Go(p1)T(p1,p0)Go(po)
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T-MATRIX EXPANSION

T(p1, po)

TW (p1,po) = 2n8(Ey — E1) 2E, /

oo oo
T3 (p1, po) ~ / dt; / dtge™Po 1t Pt 4g Aty q — py) e "2B0
oo tl

§ g + gg .

O

@)

dt e=Po ~P1)t g A(t, py — p; )

. q2

1) g Aty po — q)

Relatively simple recurrent structure appears....
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THE RETARDED PROPAGATOR

d d
/ pl / pO —@p1 t1+1pg tOG(pl po) — 27T5(E() — El) —g(platl;p()ato)

9E,
)

after the dust has settled, this is what we are interested in!

2

G(py,t1;Pg, to) = (21)0 (py — p, )e 28 (1 —t0)
t 2
vig [t [ e EO0AG @GP, + a,t5p0: 1)
to q

Simple recurrent structure: propagation+interaction+...

Same general structure goes through for more complicated

interactions with the medium.
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INTERNAL VS EXTERNAL PROPAGATOR

P1

M({pous}. ) = (20)5(Eo — Ey) / dt, / dt

X eZp Uttlrz({pout} p) Q—E()g(pljtl,pojt()) _Zpi_nto]‘—w;(p()? {pln})

Po P1

M(pr, {pin}) = (2m)5(Eo — Ey)ei 5 /_OO o G(p LYo to) e~ 7T g, i)
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IN COORDINATE SPACE...

_g/g? G(31,70) = Go(@ — 7o) + [ Gol@1 — 7) igA(@) G(3. 7o)

Another way of seeing it: G is the Greens function.

'r(tl):ml

G(7). Fy) = / Dr et 113 57O (¢ 1o [r(s)))
’f‘(to):a’:o

Ul(ti,to;|r]) = Pexp _ig/ 1 ds A(s,r(s))-

to

* st term kinetic energy

® path ordered exponential (Wilson line)
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MEDIUM-INDUCED BROADENING

Lowest order (non-trivial) process: single parton!

Ok Ma(plap()) — g(plaL;vao)

1 —
NZ 1 (TrG(py, L; po, 0)G'(py, 0; p;, L))

x (2m)%6(py — Po)

Reflects translational invariance.

<Ma(p1 po)M* a’(po P1)>

After Fourier transform:

E t1 . t1
:/D’rl(Drg)* exp {z—/ ds (7(s) — 75(s n/
2 to to

target cross section

K. Tywoniuk (CERN) 10



SCALES OF THE MEDIUM

® weak-coupling

® medium consists of static
scattering centers

® thermal distribution n ~ T2

® separation of scales!

mp ~ (gT)~"
< > A ,
Amip ~ (¢2T) 71 Oel ~ g /M
< > 1
)\mfp ~
L NO e]

Typically assume a static medium n=const (but can generalize)...
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INDEPENDENT SCATTERING

Have to average over medium configurations.

<Aa(t1, wl)A*’b(tQ, w2)> — nc?“b 5(t1 — to)v(wl — $2)

V() = 92/ (dzq e'd®

2m)? q%(q® + m%)

Sensitive to the transverse extension of the “dipole”.

el _ 2

v(0) V()
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FINAL SPECTRUM

= (21|Go(t1, to)|0) (Z0 |G (to, t1)|Z1)

DI e e N.. t
X exp [——” / ds a(vcl(s))]
to

Evaluation of path integral singles out the classical trajectory!

S—t() tl—S
X X
tl—to tl_tO

(To — Zo)

Final spectrum a convolution of hard process & medium
modification (separation of scales)

AN [ d°Kk AN

T — Lk e
dﬂp (27_‘_)2 P(pa ; 7O)ko
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BROADENING PROBABILITY

o, N.n

d*q
/ (27_‘_)2 U(Q)P(p o qat)

The path integral for “dipole” can be recast as an evolution equation

of the broadening probability [dynamic medium n=n(1)].

Solution

For g<p we perform a
gradient expansion, to
obtain a Fokker-Planck
equation with ditfusion
coefficient ¢
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TRANSVERSE MOMENTUM DIFFUSION

Neglect logarithmic momentum dependence g=const.

Gaussian momentum broadening,.

In the weak-coupling picture of the medium, the parameter g governs all
physical processes (broadening, radiative processes, decoherence). Can be
accessed by comparing to experimental datal
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IN-MEDIUM RADIATION

Particles undergo diffusion in the medium - but how do y
lose energy? Radiative processes!

k,zE , A
(k) = qts ki = /4w

W
le ~o — W

g (k) for =1/ %

Landau-Pomeranchuk-Migdal effect

dN  ayN.L oagN. [¢L?

BDMPS-Z spectrum W— =
dw T i T W

Maximal energy w.=gL? corresponds to ;=L - maximal

effect of scattering with the medium.
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TWO REGIMES

Characteristic angle of radiation  8p(w) ~ kur /w ~ (G/w®)M*

00 ST 2
Multiplicity of gluons N(w) = / dw’ ar 2d01 qL”
» dw W

> d/ a9
Energy loss: AFE = dww— = 2aqgL
0 dw

~ — aSNC ° ° ° °

R can become significant for large medium!

s N\ N
rare, small- AT 2 copious, large- _ 2 AT 2
angle emission We = QL angle emissions Ws = qL

[ 1
Hbr(wc) ~ qALS = 0. ebr (ws) ™ @3/2 90

. _/ . W,
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SUMMARY

® at high energies, the medium interactions can
be modeled by quasi-instantaneous exchanges

® radiative processes can lead to energy loss

® tomorrow we will discuss the implications on
experimental data
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