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o  Main Goal of Hard Probes: probe the hot and dense medium formed n heavy—ion collisions
(QGP)

o How? Indirect measurement Hmrough the modiﬁcations observed on Jets (Jet %enching)
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o  Main Goal of Hard Probes: probe the hot and dense medium formed n heavy—ion collisions
(QGP)

o How? Indirect measurement Hmrough the modiﬁcations observed on Jets (Jet %enching)

Jets in pp:

Parton Ioranching described on pQCD:
Vacuum sp[i’cﬁng ﬁmcﬁons :
Successive emissions foﬂow angular ordering;

Universal hadronization pvescripﬁon
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o  Main Goal of Hard Probes: probe the hot and dense medium formed n heavy—ion collisions
(QGP)

o How? Indirect measurement Hmrough the modiﬁcations observed on Jets (Jet %enching)

Jets in pp: Jets in PbPb:

Parton branching described by pQCD: Modifications include:
Vacuum sp[i’cﬁng ﬁmcﬁons : - Energy loss on medium-induced gluon radiation;
Successive emissions follow angular ordering; - (De)coherence effects between successive emitters;
Universal hadronization prescription - Hadvonization pattern due to colour ﬂow;

Elastic energy loss;
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o  Main Goal of Hard Probes: probe the hot and dense medium formed n heavy—ion collisions

(QGP)

o How? Indirect measurement t’arough the modiﬁcaﬁons observed on Jets (Jet %enching)

Jets in pp:

Parton Ioranching described on pQCD:
Vacuum sp[i’cting ﬁmcﬁons :
Successive emissions foﬂow angular ordering;

Universal hadronization pvescripﬁon

Jets in PbPb:

Mod ﬁca‘uons include:

evgy OSS ,OYWIOlUA- mdued ‘lO lethﬂ

(De)coherence eﬁ%cts between successive emttters ¥
Hadromzatton pattem due to colour ﬂow

Elastic energy loss;

In Ehis Ealie!



Jebt Quenching
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[Ovanesyan et al 11, D’Eramo et al 11, LA et al 12]

Energy loss calculations:
- Soﬁ gluon radiation limit;

- Extensions to account for hard limit;
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Total Energy loss spectrum

LA, Armesto and Salgado [1204.2929]



Jebt Quenching
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[Ovanesyan et al 11, D’Eramo et al 11, LA et al 12] [Idilbi et al 08, D’Eramo et al 10, Ovanesyan et al 11-12, Blaizot et al 13]
Energy loss calculations: Broadening calculations:
- Soﬁ gluon radiation limit; - Eikonal approximation:
, e - Only soﬁest pavticle able to acquire transverse
- Extensions to account for ard limit; momentuim
E _‘_‘go':'"ux p+/(»;=0.01 . - $
S lwt . —xZ0s ; Beyond eikonal approximation:
o w8 Tx=03 . :
S i - - All pavhcles acquire transverse momentum
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LA, Armesto and Salgado [1204.2929]
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[Ovanesyan et al 11, D’Eramo et al 11, LA et al 12] [Idilbi et al 08, D’Eramo et al 10, Ovanesyan et al 11-12, Blaizot et al 13]
Energy loss calculations: Broadenmg calculations:
- Soﬁ gluon radiation limit; - Eikonal approximation:
: e - Only soﬁest pavticle able to acquire transverse
- Extensions to account for hard limit; momentum
E _‘_‘go':'"ux p+/(»;=0.01 . - $
S ot . X205 - Beyond eikonal approximation:
L —x=03 . .
S i = - All particles acquire transverse momentum
wn F '
v 6__ “‘ tr,
8 5F- “‘ PQ(ka,kb,Z;tL,tO) :292Z(1_2)/ dt / K(Q7lazap(—)+_7t)
_>J\ 45— to q,Q,l
%O 3-— TN ““ X P(ka — P; tLat) P<kb i (q+l _p)7tL7t)P(q7t7t0)
S 2 N ST . Blaizot, Dominguez, lancu and
B Factorization of parton branchmg Mehtar-Tani [1311.5823]
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LA, Armesto and Salgado [1204.2929]



Jebt Quenching
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[Ovanesyan et al 11, D'Eramo et al 11, LA et al 12] [Idilbi et al 08, D’Eramo et al 10, Ovanesyan et al 11-12, Blaizot et al 13]

Energy loss calculations: Broadening calculations:

- Soﬁ gluon radiation limit; Eikonal approximation:

- Only soﬁest pavtiele able to acquire transverse

- Extensions to account for hard limit; momentum

E _‘_‘go':'"ux p+/(»;=0.01 . - $

S lwt . —xZos - Beyond eikonal approximation:

-+ + ol . —x=03

O w8 " - x=0. : :

S i - - All partic les acquire transverse momentum

2 6:— 179

8 5E \ PQ(ka,kb,Z;tL,tO) :292Z(1_2)/ dt / K(Q7lazap(—)+_7t)
—>J\ 45— to q,Q,l

20— X P(kq — pitr,t) Pky — (g +1—p);tr, t)P(g;t, to)

= 2F Lo T . Blaizot, Dominguez, lancu and
E; i Factorization of parton branchmg Mehtar-Tani [1311.5823]
-+ 0 T T eSS sl 0l 4 3

B 0 ‘ 0o (Anti) angulav ordermg:

LA, Armesto and Salgado [1204.2929] '
- Coherent regime:

- Subsequent emissions fo”ow angu[ar ordev'mg

- Decoherent regime:

- Subsequent emissLons fo”ow antl angular ovdev'mg

[Mehtar-Tani et al 11-12, J. Casalderrey-Solana et al 11, Armesto et al 12]
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Jet Quenching
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[Ovanesyan et al 11, D'Eramo et al 11, LA et al 12] [Idilbi et al 08, D’Eramo et al 10, Ovanesyan et al 11-12, Blaizot et al 13]

Energy loss calculations: Broadening calculations:

- Soﬁ gluon radiation limit; Eikonal approximation:

- Only soﬁest pavticle able to acquire transverse

- Extensions to account for hard limit; momentum

E _‘_‘go':'"ux p+/(»;=0.01 . - $

S Sk —xlos - Beyond eikonal approximation:
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ST x28 ; )

S i - - All pavhcles acquire transverse momentum
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F 1 to q
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%O 3 X P(ka_pa tLat) P<kb_ (q+l_p)7tL7t)P(q7t7t0)

S 2 ST . Blaizot, Dominguez, lancu and
i; 1 Factorization of parton bvanchmg Mehtar-Tani [1311,5823]
- 0- L LT T = Ll . >

By v v 0o (Anti) angular ordermg:

LA, Armesto and Salgado [1204.2929]

- Coherent regime: Two different scales
- Subsequent emissions follow angular ordering A r ] o T0%L
mea ™
- Decoherent regime:
- Subsequent emissions foUow anti angular ovdev'mg
[Mehtar-Tani et al 11-12, J. Casalderrey-Solana et al 11, Armesto et al 12]

Mehtar-Tani, Salgado and Tywoniuk
3 [1112.5031]
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[Ovanesyan et al 11, D Eramo et al 11, LA et al 12]

"f Energy [oss ca[culattons
- Soft gluon radiation limit;

5.:' - Extensions to account for hard limit;

& Coherent regime:

- Decoherent regime:

- Subsequent emissions fo”ow angu[av ovdering

- Subsequent emissions fo low an‘u angu[ar ovdevmg

[Id||b| et al 08, D’Eramo et al 10, Ovanesyan et aI 11 12 Blalzot et al13]

| Voadeng calculations:
- FEikonal approximation:

- Only soﬁest pavtiele able to acquire transverse
momentum

;- Beyond eikonal approximation:

=200 pavticles acquhfe transverse momentum

‘ ('iul ordng:

[Mehtar Tanl et aI 1112 A Casalderrey Solana et aI 11 Armesto et aI 12]
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Jebt Quenching
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[Ovanesyan et Uy D Eramo 2 aI 11, LA et aI 12] [Id||b| et al 08, D’Eramo et al 10, Ovanesyan et aI 11 12 Blalzot et aI 13]

| Broadeng calculations:

"f Energy [oss ca[culattons
- Soft gluon radiation limit; i Eikonal approximation:
- Only soﬁest pavticle able to acquire transverse

- Extensions to account for hard limit;} momentum

= Beyond eikonal approximation:

=200 pavticles acquhfe transverse momentum

‘ ('ibd ordng:

{- Coherent regime:

- Subsequent emissions follow angular ordering
- Decoherent regime: |
5 Subsequent emissions fo low an‘u angu[ar ovdevmg

[Mehtar Tanl et aI 1112 A Casalderrey Solana et aI 11 Armesto et aI 12]
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Jebt Quenching
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[Ovanesyan el DAl aI Ul PG 12] [Idilbi et al 08, D'Eramo et al 10, Ovanesyan et al 11-12, Blaizot etal 13]

;‘Bro'adeg calculations:

"f Energy loss ca[eulattons
2 Soft gluon radiation limit; B - Eikonal approximation:
- Only soﬁest pavtiele able to acquire transverse

- Extensions to account for hard limit;$ momentum

;- Beyond eikonal approximation:

=200 pavticles acquhfe transverse momentum

o e e S

& Coherent regime:

- Subsequent emissions fo”ow angu[ar ordering

- Decoherent regime:
- Subsequent emissions fo low an‘u angu[ar ovdevmg

[Mehtar Tanl et al 11 12 A Casalderrey Solana et aI 11 Armesto et aI 12]
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o  Extend previous works to account for:

o Finite energy corrections to the
energy loss;

o ]ndependent bvoadening Of aU

propagating particles :
o Colour correlation between
different emitters.
beyond:
o Soﬁ limit;

o  FEikonal approximation;

o  Small formaﬁon times (inﬁnite
medium).
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o Extend previous works to account for: o ]ngredien’cs: ki = 2por
kL =k
o Finite energy corrections to the o Kinematics: > @@f
energy loss; . = q::) &
o  Medium: e Eog;
o Independent broadening of all el o e
propagating particles ; % —> % scatterings
A<<pt Static scattering centers

o  Colour correlation between

d'gﬁrevent ST o High—energy limit: po+ >> [K|,|q
Ioeyond:
o Soﬁ limit;

o  FEikonal approximation;

o  Small formaﬁon times (inﬁnite
medium).
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o Extend previous works to account for: o ]ngredien’cs: ki = 2por
kL =k
o Finite energy corrections to the o Kinematics: > @@f
energy loss; . = qu:) &
o  Medium: e Eog;
o Independent broadening of all el o e
propagating particles ; % —> % scatterings
A<<pt Static scattering centers

o  Colour correlation between s =22 i
diﬁrerent emitters. 2 lgh-energy umit: Po+ ,1d

For a ﬁ'ozen medium coloured conﬁgwaﬁon:

beyond:
el )=x 5 Ve d
S SOﬁ [lﬂ’llt, SRl e /r(a:o+):Xo e { Z];Jr / 5 < 2) } e
o  Eikonal approximation; T S {ig /L+ dmA(m’X)}

o  Small formaﬂon times (inﬁnite
medium).
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o  Extend previous works to account for:

o Finite energy corrections to the
energy loss;

o ]ndependent Ioroadening of all
propagating particles :

o  Colour correlation between
diﬁrevent emitters.

beyond:
o Soﬁ limit;
o FEikonal approximation;

o  Small formaﬂon times (inﬁnite
medium).

o ]ngredients: ki = 2Pos

M o
o Kinematics: 2%
\ gL =q

o  Medium: g+ = (1 — 2)poy
]ndependen’t medium
4—: scatterings
e Static scattering centers

o H'Lgh—energy limit: po+ >> [K|,|q

For a ﬁ'ozen medium coloured conﬁgwaﬁon:

r(Ly)=x ; Ly
G(xo+,xO;L+,xlp+)=/ Dr(é)exp{%*/ dg <dr> }W($o+,L+;r(§))

r(xo+):x0 5

Rrowhian
Mokion

Ly
where: W(xoy, Ly;x) =Pexp {zg/ dm+A(:1:+,x)}

0+




Kmemah&at SQ%MP

L o e L Lok & PR o P e

o  Extend previous works to account for: o ]ngredien’cs: k. = zpos
kil =k
o  Finite energy corrections to the o Kinematics: M
energy loss; | \:\(1 0 Z=) q
o  Medium: T+ Po+
o ]ndependent Iovoadening of all el o e
propagating particles ; % S % scatterings
RS

Static scattering centers
o  Colour correlation between

different emitters o  High-energy limit: po+ >> |kl, |

For a ﬁ'ozen medium coloured conﬁgwaﬁon:

bGYOVld:
r(Ly)=x Zp_|_ Ly dr
S SOﬁ [lWlLt, Glp b /r(xo+)=xo DEG e S / £ < 5) Wi, L+;r(&))
ikonal imation: Ly
o Eikona approana Lon, RBrowhiai wheve: W(xoy, Ly;x) =Pexp {zg/ dm+A(:1:+,x)}
Motion S

o  Small formaﬂon times (inﬁnite
medium). Color

Rotakion
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o  Contributions for a ﬁni‘ce medium:

; - e AR AR S D o
Sout = —2775(]{;+_|_q+ _p0+)LT§A/ eZXO«pO—le‘(k‘Fq) Szn = 27T5(k_|_ _|_q_|_ _pO—I-)?/ e o'Po—ty-q k
4(k j q) X0,X1 X0,X1,Y,Z
X G an, (Tot,Xo; Ly, X1 |200+)71(Q)f/7:;(k7 0 g)%LV—Mh(po) XGpg, (T1+,%1; L+, Y|Q+)T§1AGAA1 (Zo+,X0; T14, Y|Po+)

XGaal ($1+, XiF L Z|k+)ﬂ<(1)§7§’7—Mh(P0)
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o  Contributions for a ﬁni‘ce medium:

Sout = —2m0 (k4 + g+ — p0+)ﬁT§A/ oi¥o0-pPo—ix1-(k+q)
X0,X1

XG a4, (Tot,X0; L1, x1|pot )u(q)ef, (K + ¢)v+v—Mhn(po)

o Diﬂ%renﬁal cross-section:

dQItot 1
quko = Oe

1

el

Zg Lo+,T1+4+,Y4+ ; y<- oy
Sin = 2m0(ky + 4 — pO—l—)_/ AR O e
X

2 0,X1,Y,Z

XGBB, (T14,X1; L1,¥|q4 )T 4G a4, (Tot, %05 T1+, Y |Po+)
X Gaa, (T1+4,X1; Ly, 2| k1 )u(q) €y Mn(po)

T dpydp

|Stot|* = — (|Sout|2 L 5 F 2 Re:[8)0,S |) with: P 2p. (2m)3
l o

out

Oer = V2 (210)3| My, (Do )|
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o  Contributions for a ﬁni‘ce medium:

Sout = —2m0 (k4 + g+ — p0+)ﬁT§A/ oi¥o0-pPo—ix1-(k+q)
X0,X1

XG a4, (Tot,X0; L1, x1|pot )u(q)ef, (K + ¢)v+v—Mhn(po)

o Diﬂ%renﬁal cross-section:

Zg Lo+,T1+4+,Y4+ ; y<- oy
Sin = 2m0(ky + 4 — pO—l—)_/ AR O e
X

2 0,X1,Y,Z

XGBB, (T14,X1; L1,¥|q4 )T 4G a4, (Tot, %05 T1+, Y |Po+)
X Gaa, (T1+4,X1; Ly, 2| k1 )u(q) €y Mn(po)

al2ifEes 1 5 1 5 S ; de: dp+dp3
e = —[Biosf? = = (|Soutl® + [Sinl? + 2Re | SinSusl) s op. (27)
q k Oel O¢l : 3
/ oer = V2 (27)% | My (po+)|
When
qAFL_|_ Y

vacuum S]OGCtV um (s
recovered

Medium Component

| ‘2 = average over S]O.LYLS, CO[OULY EU’lG{ medium pmﬁ[e
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o  Contributions for a ﬁni‘ce medium:

. . l O R B e
Sout A% —277'5(]{3_}_ £l g+ _p0+) g TgA/ ezxo‘po—zxr(k—i-Q) SZTL = 27'('5(]{74_ + g+ —p0+)§/ e 0 Bogtyadl
4(k 3 q) X0,X1 X0,X1,Y,Z
X G aa, (To+,%0; Lt X1|po+ ) u(q) el (K + ¢)7v+7—Mn(po) XGp, (T14,%1; Ly, ¥|q4 )T, 4G a4, (To4, X0; T14, ¥ [Po+)

XGaal ($1+, XiF L Z|k+)ﬂ<(1)§7§’7—Mh(P0)

o Diﬂ%renﬁal cross-section:

qA 1 1 0 e
= —[Siotl? = = (Soutl?® + |Sinl® + 2Re |S5n St ) with:  2p+(2m)°
quko Oel O el . 3 2
/ aer = V2 (2m)°| M (po+)|
when l
grL4 — 00 .
: Medium Component
vacuum spectrum is
recovered | ... |2 = average over spins, colour and medium profile
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o  Schematic representation of the in-in term of the spectrum (]Sm\ 2);
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o  Schematic representation of the in-in term of the spectrum (]Sm\ 2);

Sin High energy approximation:
I = Decomposition with a ﬁxed number of propagators:
S, T = 3 different regions

tform = Xor-Xo4
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o  Schematic representation of the in-in term of the spectrum (]Sm\ 2)

S'm High energy approximation:
I = Decomposiﬁon with a ﬁxed number of propagators:
S: -4 =3 diﬁrerent regions
x(:)+ tform = Xo+- X+

Factorisation of the colour structure and transverse momentum dynamics:

r(y+)=y - 4
GAB(x+7X§y+aY):/( x Dr(ﬁ)exp{”;/ d§< 2) }WAB(w+,y+7 (€))

C. louf part

: Kme’uc part (Broadenmg)
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o  Schematic representation of the in-in term of the spectrum (]Sm\ 2)

S'm High energy approximation:
I = Decomposiﬁon with a ﬁxed number of propagators:
S: -4 =3 diﬁrerent regions
x(:)+ tform = Xo+- X+

Factorisation of the colour structure and transverse momentum dynamics:

r(y+)=y - 4
GAB(x+7X§y+aY):/( x Dr(ﬁ)exp{”;/ d§< 2) }WAB(w+,y+7 (€))

= . e = S, Gl part
Kme’uc part (Broadenmg) U
. | . ]mp[ies computation of n-
]mphes pa’ch mtegrals ﬁeld i e

evaluation
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o Path in‘cegral resolution:

o Dipole approximation: Cpn(¢)o(r) ~ %(jprZ 4+ O(r? Inr?)
o  Semi-classical method:

r(y+)=y ip, [V dr\ 2 ' |

Go(xy,X;91,y) :/ Dr(£) exp 7/ d§ (d—) D =n? of dimensions
r(rx4)=x T g
; 1/2 Classical action: R, = / d€L(E)
7 1)D/2 el (— 38 gd ) e BBk
\ EOM: %o Q== ()

Dominant contribution for the average
trajectory given on the classical path

\ /
+ Fluctuations of the classical action
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o  Calculation of n—ﬁe[d correlators (at [arge No):
Infinitesimal expansion of the e § y
Wilson line: Wij(@o+, L15%) = | dia (1 = 73(5 Ly;0 ) +Z9/ dz1 A_(z4,%)T5 | Vai(§ L5 %)

) . d | -
? J ( J
el
where: 6 B(z:t, Tf4;X —y) = g° / dzydyy (A% (z4,%)A% (y1,y))
Tit
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o  Calculation of n—ﬁe[d correlators (at [arge No):

]nﬁni’tes imal expansion of the
Wilson line:

el
where: 6 B(z:t, Tf4;X —y) = g° / dzydyy (A% (z4,%)A% (y1,y))

Tit
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o  Calculation of n—ﬁe[d correlators (at [arge No):

]nﬁni’tes imal expansion of the
Wilson line:

el
where: 6 B(z:t, Tf4;X —y) = g° / dzydyy (A% (z4,%)A% (y1,y))

Tit
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o  Calculation of n—ﬁe[d correlators (at [arge No):

]nﬁni’tes imal expansion of the
Wilson line:

el
where: 6 B(z:t, Tf4;X —y) = g° / dzydyy (A% (z4,%)A% (y1,y))

Tit
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o  Calculation of n—ﬁe[d correlators (at [arge NC):

(4 J [ Q9

]nﬁni’tes imal expansion of the

Wilson line: Wij(@o+, L5 %)

el
where: 6 B(z:t, Tf4;X —y) = g° / dzydyy (A% (z4,%)A% (y1,y))

Tit
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o  Calculation of n—ﬁe[d correlators (at [arge No):

]nﬁni’tes imal expansion of the

4 A i1 ,L ,
Wilson line: Wij(@ot, Ly %)

el
where: 6 B(z:t, Tf4;X —y) = g° / dzydyy (A% (z4,%)A% (y1,y))

Tit

Applying to a 2-field correlator: %Tr (W(x)Wi(y)) = e Crvex—y)
where: v(x —y) = B(0) — B(x —y) = % /daz+a(x —y)n(zy)

Dipole cross-section: Medium density

olx—y) = 2" [ Gosla(@)f (1)
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o  Schematic representation of the in-in term of the spectrum (| Sin|2) at lavge N

S'm
I
Sin 4
Xo+ l
2-point 4-point 6-point
ﬂmcﬁon ﬁmcﬁon ﬂmcﬂon



Medium fifiages

F 2 s osng® P
mmﬁn&’mwﬂ'"‘m" " bt 9~ 44 3 7PN Lahl s A P S R N‘qg_"“"v“

o  Schematic representation of the in-in term of the spectrum (| Sin|2) at lavge N

(Tx [W ()W (xg)] T [W (o) W () W () W ()]} =
= T (W k)W o)) T (W )W () W (kg W (%))
g

At [arge N,: factorizaﬁon into a dipo[e X quadmpole

2-point 4-point 6-point
ﬂmcﬁon ﬁmcﬁon ﬂmcﬂon
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o  Schematic representation of the in-in term of the spectrum (| Sin|2) at lavge N

Sin
I 5
S l X l Xos l L
2-point 4-point 6-point
ﬂmcﬁon ﬁmcﬁon ﬂmcﬂon

At [arge N,: factovizaﬁon into a dipo[e X quadmpole

q and q colour

q and g colour
&= - connected

connected

g and g colour

q and g colour
connected

connected
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o  Schematic representation of the in-in term of the spectrum (| Sin|2) at large N

| and ‘ co(owr
L connected

connected

2-point 4-point 6-point o B : : ) ; = i
function function  function j 4 A S i o ! : g g !
|_connected § 5 * g plunn
Coherent Decoherent
skate skake
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o  Schematic representation of the in-in term of the spectrum (| Sin|2) at large N

S'm
I
Sm " :
x;+ xi+ : ] ‘ co[w
l l l connected 7 g i . connected
i qd_l
2-point 4-point 6-point o B » T ) ; = i
ﬂufcﬁon fufcﬁon ﬂtfcﬁon et : . g :
| connected § 5 * - comecieat
Coherent somewhere, in between, there Pecoherent
(lavger Rk fswaps skake should be a swap betv'veen the skoke
e ) colour configurations
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o Result of the quadmpole:
Tr (W (xg)W (x5) W (x0)W (%))

Ly
o eNm22 1 dT eNm11(-’JC2+,7') m12(7-) eNm22(T,L+)
(w24,L4) -

e

where:  mq; = —% v(xg — xg) + v(xq —X4)]  (coherent prop.):
1%
e 5 6 V(x5 — %) +v(Xq —Xg)]  (independent prop.):
| B
LIRSS 5 v(xg — xg) — v(xg — Xg) — v(xg — %) — V(X5 — Xg)]

10
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o  Result of the quadmpole:

Tr (W (xg)W (x5) W (x5) W (x4) )

Ly

_ ,Nmao
(xo4,L4) _gegumg_F o
comple‘te
independent piece
where:  mq; = —% v(xg — xg) + v(xq —X4)]  (coherent prop.):

1
Moo = 30 e S I o e e (independent prop.):

3
TL2EsS 5 _'U(Xg g e (X Xg) I U(Xg e s DK s Xg)]

10

Nmii(z2+,7)

dt e mia(7T) e

Nm22(’7',L+)
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o  Result of the quadmpole: L
+
T = (e — oNma2 d Nmyi(z24,7) Nmao(7,L+)
Tr <W (xq)W (x5)W (Xq)W(Xq)>(w2+7L+) ciS < + £ Te4 | | mi2(T) e
complete coherent

independent piece propagation up to T

IEs

where:  mq; = = v(xg — xg) + v(xq —X4)]  (coherent prop.):
1%
Moo = 30 e S I o e e (independent prop.):
s
L i2ess 5 (x5 — xg) — v(Xq — Xg) — V(X5 — Xq) — V(X5 — Xg)]

10
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o Result of the quadmpole: : o : S
Tr <WT(Xg)W(Xg)WT(XQ)W(Xq»(xH,L” :f,,,:;i+ i dTe4 m“(“*T)M) G a2 ot
comp lete coherent Local swap
independent piece propagation up to T at T
where:  mq; = —% v(xg — xg) + v(xq —X4)]  (coherent prop.):
1%
S V(x5 — %) +v(Xq —Xg)]  (independent prop.):
3
TL2EsS 5 _'U(Xg g e (X Xg) T U(Xg e s DK s Xg)]

10
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o  Result of the quadmpole: : 2 2 S
Tr <WT(Xg)W<X§)WT(XQ)W(Xq)>(x2+7L+) e e i dre ”?11(‘"”2%’_'7)%) ¢ m22 T’H %
comp lete coherent Local swap independent
independent piece propagation up to T at T pm}oagaﬂonﬁom T
toL
where:  mq; = —% v(xg — xg) + v(xq —X4)]  (coherent prop.):
1
Moo = 30 e S I o e e (independent prop.):
s
mi2 = 5 [l =X = 0 (X %) (X = Xg) = U(Xg — X,)]

10
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o  Result of the quadmpote: : 2 2 : :
Tr <WT (%)W (xg)WT (XQ)W(X‘I)>(:1:2+,L+) :;”Zi—k i dTe‘ m11(w2+7)m) © m22(7' +)
comp lete coherent Local swap independent
independent piece propagation up to T at T pVO}oagaﬂonﬁfom T
toL
1[5
where:  mq; = = v(xg — xg) + v(xq —X4)]  (coherent prop.):
Il :
Mo = 35 e S I o e e (independent prop.):
s
L i2ess 5 (x5 = Xg) — v(Xq — Xy) — (X5 — Xq) — v(Xg — Xg)]
Factorising the independent propagation:
Ly

Te (W (xg)W (xg) W (x) W (%0)) .y =€ 5 {1+ / dr e (ma1—ma22)(w2+,7) mlg(T)}

24

10



Medium averaqges

P& » .
e L T L e i i Lattanie - DY

P ETIROTE L Tt
o  Result of the quadmpole: : s : :
o W e W )W ) W ), 1, =0z b [ drghimstens Dy it
complete coherent Local swap independent
independent piece ~ propagationup to T at T propagation from T
tioals
8%
where:  mq; = = v(xg — xg) + v(xq —X4)]  (coherent prop.):
e :
Moo = 30 e S I o e e (independent prop.):
s
LD R v(xg — Xg) — v(Xq — Xg) — (X5 — Xg) — V(X5 — X4)]

Factoris ng the independent propagation:

Tr (W1 (o)W () W1 () WV ()

Amed by defmition

10
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o  Generalized A, accounts for the Ioroadening of the pavticles:

Ly
Amed — | ‘|‘/ dr eN(mll_mm)(on”T)leQ(7‘)

s —gr [T Xq—Xgz) (xg—x ' [ L '
—7%) +/ dr G (xg — Xg7) - (X4 — Xg)|.. € ir [, d€(xq=xg) (xq—%g) , N the dipole approximation

2+

11l



Creneralized A,ied
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o  Generalized A, accounts for the Ioroadening of the pavticles:

Ly
Amed — | ‘|‘/ dr eN(mll_mm)(on”T)leQ(7‘)

s —gr [T Xq—Xgz) (xg—x ' [ L '
—7%) +/ dr G (xg — Xg7) - (X4 — Xg)|.. € ir [, d€(xq=xg) (xq—%g) , N the dipole approximation

2+

o  Able to recover }orevious results?
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Creneralized A,ied

PN TR, i L, Tt GO Promer i DAY K Tty 5= O SIS AL IR e WSVt e e MR e Py

o  Generalized A, accounts for the Ioroadening of the pavticles:

Ly
Amed — | ‘|‘/ dr eN(mll_mm)(on”T)leQ(7‘)

s —gr [T Xq—Xgz) (xg—x ' [ L '
—7%) +/ dr G (xg — Xg7) - (X4 — Xg)|.. € ir [, d€(xq=xg) (xq—%g) , N the dipole approximation

2+

o  Able to recover }orevious results?

o Soft (hard) limit: x4 = %3G = Amea =1

11l
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o  Generalized A, accounts for the broadening of the particles:

Ly
Amed — | ‘|‘/ dr eN(mll_mm)(on”T)leQ(7‘)

s —gr [T Xq—Xgz) (xg—x ' [ L '
) +/ i o = e oot e J7,, d6(eq=xg)-(xq=x4) , in the dipole approximation

2+

o  Able to recover previous results?
o Soft (hard) limit: x4 = x45) = Amea =1 Ole!
o ]nﬁnite medium (small tform):

exp {@F /a: d€ (xq —xg) - (x5 — Xg)} < exp {—QF (xg —%g) - (xg — Xg)|,, (T— 5’32+)}

24

It 1 g TR R
. :>Amed%1+/ dT—eXp{— }
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11l
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o  Generalized A, accounts for the Ioroadening of the pavticles:

Ly
Amed — | ‘|‘/ dr eN(mll_mm)(xOJ”T)leQ(7‘)

s —gr [T Xq—Xgz) (xg—x ' [ L '
—7%) +/ dr G (xg — Xg7) - (X4 — Xg)|.. € ir [, d€(xq=xg) (xq—%g) , N the dipole approximation

2+

o  Able to recover previous results?
o Soft (hard) limit: x4 = x45) = Amea =1 Ole!
o ]nﬁnite medium (small tform):

exp {@F /a: d€ (xq —xg) - (x5 — Xg)} < exp {—QF (xg —%g) - (xg — Xg)|,, (T— 5’32+)}

2+
1 Il G e Lo
NGRS = = 7/A\ d%1+/ dT—eXp{— }
Ap V QFL—i— 2 T2+ L PRE
Blaizot, Dominguez, lancu and SMP]OVGSSGd ,Oy L. I
Mehtar-Tani [1311.5823] When L+—co0 = e Ole.

11l
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o Two diﬁ%rent regimes:

12



Resulting picture
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o Two diﬁ%rent regimes:

" A
S _ S
RS : I
QT < ,4/ ST <
e | |
Random walk of initial quark Random walk of initial quark
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Resulting picture
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o Two diﬁ%rent regimes:

> 8

S _ S

RS : I
QT < ,4/ ST <

o | |

Random walk of initial quark Random walk of initial quark
Quark and gluon are correlated Quark and gluon are correlated
(g[uon formaﬁon time) (g[uon formation time)
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Resulting picture
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o Two diﬁ%rent regimes:

»

S S

I I

ST < ST <

Random walk of initial quark Random walk of initial quark
Q@&V’/{ and g[uon are correlated Qb}&V’/{ and g[uon are correlated
(g[uon formaﬁon time) (g[uon formation time)
Quark and gluon act coherently Independent broadening of final partons

(coherent propagation controlled on dipole distance)
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Resulting picture
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o Two diﬁ%rent regimes:

»

S S

I I

ST < ST <

Random walk of initial quark Random walk of initial quark
%ark and g[uon are correlated Qb}&ﬂ/{ and g[uon are correlated
(g[uon forma’cion time) (g[uon formaﬁon time)
Quark and gluon act coherently Independent broadening of final partons

(coherent propagation controlled on dipole distance) Pt 4’: energy o eﬂ:wiev&

Medium-induced gluon radiation is su,[apresseci
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Conclusions
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e s Energy loss:

ﬁ:»‘eigzy 5 : Soﬁ gluon radiation limit;

/ |- Extensions to account for hard limit; }

;l, - Fikonal approximation:

l

| - Beyond eikonal approximation: §

" e [(1—2) (52— 52) + 2 (32— 52)]

l'

ar order'mg:

Dangu

|- Coherent regime:

§ - Decoherent regime:
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