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o  Production of QGP is expected in heavy-ion collisions:
o Jet Quenching experimentally confrrmed:
o Several observations @ RHIC and LHC

o Suppression of high—pT hadrons, strong dije’c asymmetry with an
almost unchanged azimuthal correlation, Jet energy loss with a

mild dependency n pr and Jet radius, ...
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o  Production of QGP is expected in heavy-ion collisions:
o Jet Quenching experimentally confrrmed:
o Several observations @ RHIC and LHC

o Suppression of high—pT hadrons, strong dije’c asymmetry with an
almost unchanged azimuthal correlation, Jet energy loss with a

mild dependency n pr and Jet radius, ...

Important ¢o Aave a 3ooc/ desc ription of enerqgy /os5s processes
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o  Production of QGP is expected in heavy-ion collisions:
o Jet Quenching experimentally confrrmed:
o Several observations @ RHIC and LHC

o Suppression of high—pT hadrons, strong dije’c asymmetry with an
almost unchanged azimuthal correlation, Jet energy loss with a

mild dependency n pr and Jet radius, ...
Imporfanf Zo Aave a 3ooc/ deSCHpZ‘ ion of enerqgy /os5s processes
o Comparison of Jet quenching models with data:

o Most of models claim to describe some or all of Jet quenching
observables at the same time (Q—/Pythia, as an example, 1211.1167)
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o  Production of QGP is expected in heavy-ion collisions:
o Jet Quenching experimentally confrrmed:
o Several observations @ RHIC and LHC

o Suppression of nign—pT hadrons, strong dijet asymmetry with an
almost unchanged azimuthal correlation, Jet energy loss with a

mild dependency n pr and Jet radius, ...
Imporfanf Zo Aave a 3ooc/ deSCHpZ‘ ion of enerqgy /os5s processes
o Comparison of Jet quenening models with data:

o Most of models claim to describe some or all of Jet quencning
observables at the same time (Q—/Pythia, as an example, 1211.1167)

44(68/ 1Zalive aﬁreemenf a.)/‘Z(/} data.
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b, iﬁeren’c level of sophisﬁcaﬁon between Monte Carlo codes and ana[ytical
expressions:
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b, iﬁeren’c level of sophisﬁcaﬁon between Monte Carlo codes and ana[ytical
expressions:

| A. na/yé/ca/ expre
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Include energy conservation loy Include energy conservation only

Monte Carlo)

construction a pos‘ceriovi
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b, iﬁeren’c level of sophisﬁcaﬁon between Monte Carlo codes and ana[ytical
expressions:
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ﬂ‘ Monte Carl/o| 4& Analytical expressions |
Include energy conservation loy Include energy conservation only
construction a pos‘ceriovi

Make fwther assumptions without a ﬁrm
theoretical model

(level of sophis‘cicaﬁon usuaUy ’nighev than

analytical expressions)
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corrections!



Motivakion

WMMWM«-AM ettt 2~ 54 2 TR L0 SRS ek, PR “Mﬁmw

b, iﬁeven’c level of sophisﬁcaﬁon between Monte Carlo codes and ana[ytical
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o Jet Quenching models: description in terms of radiative energy loss:

]

o  Usual characteristics:
o  Neglect recoil (elastic energy loss);
o  Work in the limit of soft (x—0) and collinear (kr << ) gluon emissions .

o Assume mul‘c'qo le gluon emissions as a factovizaﬁon of single gluon
emissions.
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Jet Quenching

e o e e it Laasie & PHPSSRPGRPE = PECERNPR- et I

o Jet Quenching models: description in terms of radiative energy loss:

Medium is modeled as a collection of

" ‘ static scattering centers

o  Usual characteristics: : 2oty
Phenomenological extension into large x

o  Neglect recoil (elastic energy loss); /77 and large angle domain
o  Work in the limit of soft (x—0) and collinear (kr << ) gluon emissions .

o Assume mul‘c'qo le gluon emissions as a factovizaﬁon of single gluon
emissions.
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o Jet Quenching models: description in terms of radiative energy loss:
o  Usual characteristics:
o  Neglect recoil (elastic energy loss);
o  Work in the limit of soft (x—0) and collinear (kr << ) gluon emissions .
o Assume mul‘c'qo le gluon emisslons as a fac‘covizaﬁon of single gluon
emissions.
o How to improve this? By using the same formalism we can:

o Compu‘ce ﬁnite—energy corrections fov non—soﬁ gluon emissions

o Evaluate: Z o %&99
ﬂ > §>—
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Jet Quenching

e o e e it Laasie & PHPSSRPGRPE = PECERNPR- et I

o Jet Quenching models: description in terms of radiative energy loss:
o  Usual characteristics:
o  Neglect recoil (elastic energy loss);
o  Work in the limit of soft (x—0) and collinear (kr << ) gluon emissions .
o Assume mul‘c'qo le gluon emisslons as a fac‘covizaﬁon of single gluon

emissLons.

o How to improve this? By us mg the same fovmahsm we can: D, 5cassea’ herel

o Compu‘ce ﬁmte energy cowecﬂons fov non—soﬁ gluon emissions i'

L —

o e

Work 1r Progress...
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o Medium propagation of highly energetic partons:
o Partonswill undergo independent multiple soft scattering with the medium.

o Inthe high—energy limit, the re-scattering with the medium conserves the
initial energy but results in a rotation of the color ﬁeld (eikonal
appvoximaﬁon).
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o Medium propagation of highly energetic partons:

0]

Partons will undergo 'mdependent mul‘c'qo le soﬁ scattering with the medium.

In the high—energy limit, the re-scattering with the medium conserves the
initial energy but results in a rotation of the color ﬁeld (eikonal
appvoximaﬁon).

q >q




Formalism

e o e e it Laasie & PHPSSRPGRPE = PECERNPR- et I
o Medium propagaﬁon of highly energeﬁc partons:
o Partonswill undergo independent multiple soft scattering with the medium.

o Inthe high—energy limit, the re-scattering with the medium conserves the
initial energy but results in a rotation of the color ﬁeld (eikonal

appvoximaﬁon).
4 R
ﬁ > q
\ Y

o onpagatov described on a Wilson line:

L
x(H-aL-i'-aX_L) fPCXp {Zg/ d$+A—(x+7X_L)}

e\

Medium longitudinal Path-ordering Meatumicotor Transverse

boundaries ﬁ eld coordinate
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o Medium propagation of less energetic partons:

o Considerations need to be relaxed to allow some Brownian motion in the
transverse plane of the propagating partic le.
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o Medium propagation of less energetic partons:

o Considerations need to be relaxed to allow some Brownian motion in the
transverse plane of the propagating partic le.
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o Medium propagation of less energetic partons:

o Considerations need to be relaxed to allow some Brownian motion in the
transverse plane of the propagating partic le.

- T
_>/“/\/\I\/v

< J

o Pmpaga‘cor described by a Green’s Function:

Initial/Final transverse coordinates Path-Integral Longitudinal particle momentum

N \ { il

(Lo ip dr
G(zo+,%01; Ly, X1 |py) = / (zos) Dry(S)exp {_+/ & ( E_L)
| \Zo4 )—=X0_L To+

2
X W(zo+,L+;r1(£)),

\

Wilson Line
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o Medium propagation of less energetic partons:

o Considerations need to be relaxed to allow some Brownian motion in the
transverse plane of the propagating partic le.

- ) =
_>/“/\/\I\/v

< J

o Pmpaga‘cor described by a Green’s Function:

Initial/Final transverse coordinates Path-Integral Longitudinal particle momentum

\ \ 4
ri(L+)=x1 £ ?
a:0+ J\XO_La Ly, X |P+) / Dry (E) o {”;’*' / o (dr_l) }

1 (o4 )=xoL o %
x W(zo+,L+;r1(§)),

\

CO/ or ( OZ@Z/‘O/'? Wuson Llne Br Oa)/?/‘dh M Of/‘oh
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o Kinematics:

0]

Initial momenta p = (p., p., pr) = (p-, 0, 0) k= Ip
D
Eikonal approximation: kr, qr << k., q. s 4\6\666
Limit x—1: q, << k., P N g=(1-2)p

Assume scatterings in a ﬁfozen color proﬁle (color average).

Only the soﬁes’c outgoing particles can undergo Brownian motion.

10
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o Kinematics:
o Initial momenta p= (p+, P pT) - (p+, 0,0) = Ip
o  Eikonal approximation: kr, qr << k., g, ’6\6‘;66\
o  Limitx—1:q, << k+,p+ g=(1—2z)p
o Assume scatterings in a ﬁfozen color proﬁle (color average).
o On(y the soﬁes’c outgoing particles can undevgo Brownian motion.
o Diagrams:
K =2p W K= Ip
o, 166666\ P w (66666
> % \ . \G\
N g=(1-2)p ™ g=(1-2z)p

Medium | » Medium
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o Total Spectrum (M MY):

& +

(Meoe2) = (IMZT) + ([M2[) + 2Re { {M,M]})
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o Total Spectrum (M MY):
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(Miaa?) =|(TMZT) |+ (TMZ]) + 2Re ({M,M{})
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o Total Spectrum (M MY):

& +
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o Total Spectrum (M MY):

-

~

e

J

(Mo

I
Vdzd?k |

r—1

Gluon Bremsstrahlung:

+

-

Vaccum contribution:

~N

\a

———
.

v

Ve

DA

l

N Cras 1

T 27T2 kJ_2

Collinear divergen’c

= —
27T2kJ_2 g4

\_

i

|M3|>] 2Re ( {M,M]}

(x — 1)

Cr: Casimir factor (color “strength”)

ds: strong coup['mg constant
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o Total Spectrum (M MY):

-

. =)

e

J

(Mo

I
Vdzd?k |

r—1

Gluon Bremsstrahlung:

+

-

Vaccum contribution:

~N

\a

———
.

v

Ve

DA

M|

+

\_

i

=

{M, M}

l

N Cras 1

T 27T2 kJ_2

Collinear divergen’c

T 27T2 kJ_Q

Medium contribution

Pyeq(z —1)

Cr: Casimir factor (color “strength”)

ds: strong coup['mg constant
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o  Medium contribution:
2 1 : Ly
M 2> g P R /d d— d —1q ] ‘X f dén E)U(X_L)
<| med| P gq(Z) e{(l —z)zp, y+aYyiax, €
2 . 9 g = 017+ |g+)
ox, Oy. Y+,¥Y1L = U1 5Y4X1 |19+
oL . [ dy, dx e i 9 & 7
T q_ yyax € - ay_l_ (y-l-ay_L g |y +>X_L|Q+) ;
i A
o Vacuum SF;
o 1+ (1—1x)?
P(H—Q():CF! (:c T):|

o Path ]n’cegral:

ri(y+)=y. Y+ k dr, \?
K(or xisveyilts) = [ Dr, (6) exp{ / ds[zg("*) —énwom)l}

ry(z4+)=x]
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o  Medium contribution:
2 1 : Lt
M. 2> 9 p R /d dii . dx e QL X f d€n(§)o(x L)
<| med| Do Q<—Q( ) e { (1 . .’II).’EP+ y+ay,ax e
0 o0
X ) X ’ — ’ l
ox, Oy, (y4,¥yL 1;Y+Xx1|9+)
2q_l_ d d —z'q X | 8 e o
Tl Yyyax e - :K:(y-l-ay_L = 0_1_,L+,X_1_|(]+) .
Q_[_ 6y_J_

o Vacuum SF:

g<q

! Seiontl i) W B [l i (lcc z) } Explicit dependency with x

o Path ]n’cegral:

rL(y+)=yL v+ iky [(dry)?
K(or xisveyilts) = [ Dr, (6) exp{ / dé[ZQ+(r*) —gn@)a(m”

ry(z4+)=xy
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o  Medium contribution:

. L
_9 1 + e

0 0
X : Kt o —y e
ox, Oy. (Y+,¥1 1;P+X1]g+)
qL -
5 2_ dy-l-dx_Le LT :K(y-l-ay_L e O_L;L+>X_L|Q+)} .
q b ay ik
Vacuum SF: , ,
2 | , Medietrnr TrnFormalion:
prac (11?) s N [l + (l =9 T)2:|
LB S x n(&): dens ity of scattering centers
o(xr): related to the scattering potenﬁa[
3 Path ]n’cegral: (usually, static Debye screened potenﬁa[)

ri(y+)=y. Y+ k dr,\* 1
Xexiveyiks) = [ or@ exp{ / dé[z;(;g) —§n(§)0(n)]}
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o  Medium contribution in the limit x—1:

dl 0 1 A _iquxs =7 Jy. dEn(€)o(xL)
ot ipe (ARE /d dij,dx, e~ x1e™2 Juy L
Tdgrdq 2~ (2m)2Ps 9-a(®) {(1—$)$P+ A
0 0 "
o 8’yl‘3<(y+,y4_ = 01;J+X1|q+)
+ QE '/dy+deC oL ‘(l)y__;jc(y+aYL — OL;L+,X*|Q+)}'

o  Medium contribution in the limit x—o:

dmed a;Cp 1 - —ik1 X1 o~ [ dén(€)o(xL)
k4 T =~ Bn ik, 2Re{a/dy+dy+dec e 2
0 0 =
X Oy_L = aX-LfK:(y'f'ay.L p— Ovy'l",x.L'k'f")
+/dy;dx g Lkl 2kL - < K(y+,y1L =0; Ly, x] |ky)
g oL k_1_2 (I)y_l_ + y Li=4y +
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o  Medium contribution in the limit x—1:

C

dl Qs 1 / 3 _iqu %, ~L 5+ den(€)o(x)  Full Vacuum Splitting
= Re dy;dysdx) e 'L XLe 200+ 5
I+ dq,dq 2 (27)2p tm) { (1 - z)zp, Y+ OY+ XL

‘ Function
% ¢ '83(('1 L =01;9+X1|q+)

qr sgzracn 0
+ 2—.-/dy dx ;e *dLt*L —K(y,,y1 =0,;L.,x;]|qs }

qi + ay_h ( + ! )

o  Medium contribution in the limit x—o:

K, dI "‘;d o @ZRC {L /dy+dgj+dxlc_"k+'“e_('; [ den(€)o(x.) Vacuum Splitting Function in
dkydky |, (27)%k4 by the limit x—0
d 0
X = fK: y — 0, _-j.., X k.;.
ayl ax_L (y+ L Y .Ll )
—IX_L]'( k—L 0
+ [ dyidxge . leg “Bin X(y+,yL =0;L4,x) |ky)
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o  Medium contribution in the limit x—1:
dI o3 Jay dEn(E)o(x.)
5 —q(x)Re dy,dj.dx; e 1L X1e™2 Vit 1
" aae ~ @GO a4
%ark [ongitudina[
X —XK(y+,¥YL = OL,U*XL
8)(_; 8}’ i
momentum

- s,
2— dyydx; e "L —K(y4,¥y1L =04; Ly, ‘. '
+ - / yqax,e 3y (¥+,yL -y X }

-l

o  Medium contribution in the limit x—o:

T (2(1—7:)0@1{0 {@/ dy+d3?+dxlc_ik*'“c_(‘;fdé”(ﬁ)"(xi)
z—0

0 0 _ Gluon longitudinal
: K (1., — 0: 7., gitudina
ayl ax_L (y+ yet. Y4 XL@

- k, 0
+ | dysdx e ™11 9—— . K(y+, =0: by X @}
/ Y4 klg dy | (Y+,¥y1L 45 X1

4 dlmed
T dk.d?k |

momentum
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o  Medium contribution in the limit x-1:
dl s 1 ~ =5 fy. den(€)o(xL)
( i S s x)Re /d dy,dx; e AL *Le 2+ =~
Mdgidq 2~ (2n)? p+ g(_q( ) {(1—$)$P+ Ane
3y¢ K(y+,yL =01;7+%1q+)
’/dy+dee L *—JC(y+,yL 0,;L4,x) |q+)}. Quark transverse momentum

o  Medium contribution in the limit x—o:

y dlmed
T dk.d?k |

(ISC 1 o —ik - i n(€)o

9, 0
' fK: y = Oa —+, X k'f'-
ay_L ax_L (y+ Fil Yy .Ll )

z—0

+ /dy+dec—ixl-k+ ki : 0 X(y+,yL = 0; L+,xL|k+)} Gluon transverse momentum
k;7 Oy.
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o  Medium contribution in the limit x—1:

dl 0 1 A _iquxs =7 Jy. dEn(€)o(xL)
ot ipe (ARE /d dij,dx, e~ x1e™2 Juy L
Tdgrdq 2~ (2m)2Ps 9-a(®) {(1—$)$P+ A
0 0 "
o 8’yl‘3<(y+,y4_ = 01;J+X1|q+)
+ QE '/dy+deC oL ‘(l)y__;jc(y+aYL — OL;L+,X*|Q+)}'

= . — e ——— e — .‘:}
Kelated o the Final geark |

[
ii
|

o  Medium contribution in the limit x—o:

dmed a;Cp 1 - —ik1 X1 o~ [ dén(€)o(xL)
k4 T =~ Bn ik, 2Re{a/dy+dy+dec e 2
0 0 =
X Oy_L = aX-LfK:(y'f'ay.L p— Ovy'l",x.L'k'f")
+/dy;dx g Lkl 2kL - < K(y+,y1L =0; Ly, x] |ky)
g oL k_1_2 (I)y_l_ + y Li=4y +

Final gleto

/( e/ated o Che

| o
}4 a
| =)

D —
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o  Medium contribution in the limit x—1:

dl 0 1 A _iquxs =7 Jy. dEn(€)o(xL)
ot ipe (ARE /d dij,dx, e~ x1e™2 Juy L
Tdgrdq 2~ (2m)2Ps 9-a(®) {(1—$)$P+ A
0 0 "
o 8’yl‘3<(y+,y4_ = 01;J+X1|q+)
+ QE '/dy+deC oL ‘(l)y__;jc(y+aYL — OL;L+,X*|Q+)}'

= . — e ——— e — .‘:}
Kelated o the Final geark |

[
ii
|

o  Medium contribution in the limit x—o:

dmed a;Cp 1 - —ik1 X1 o~ [ dén(€)o(xL)
k4 T =~ Bn ik, 2Re{a/dy+dy+dec e 2
0 0 =
X Oy_L = aX-LfK:(y'f'ay.L p— Ovy'l",x.L'k'f")
+/dy;dx g Lkl 2kL - < K(y+,y1L =0; Ly, x] |ky)
g oL k_1_2 (I)y_l_ + y Li=4y +

Final gleto

| Ralated to the
Yo Zo Interpolate beteoeen the Cewo liruds? | s —
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o How to write an unique radiation spectrum for soﬁ and havd—gluon emission?
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o How to write an unique radiation spectrum for soﬁ and havd—gluon emission?

o Only one transverse coordinate: qr ~ ket
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Interpolating Spectrum
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o How to write an unique radiation spectrum for soﬁ and havd—g[uon emission?

o Only one transverse coordinate: qr ~ ket

o Energy of the “radiated parton”: E, =x (1 - x) p, ——=——» xp.=k,, x>0
w> (1 'x>]0+=0[+>x—>1
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Interpolating Spectrum
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o How to write an unique radiation spectrum for soﬁ and havd—gluon emission?

o On(y one transverse coordinate: qr ~ ket

o Energy of the “radiated parton”: E, =x (1 - x) p, ——=——» xp.=k,, x>0
wé (1 = X) 104 0[+ y X—1

o Single inclusive spectrum of the “radiated parton” (quark or gluon):

d Imed Qg C]"
& r = —5 (1 -2)F, I 4
ﬂLcZEerqfL A7 £(1 — z) Pyeq(z)(1 + I2)

i _R( / dy. i dx , 69 —L [+ den(€)o(x) Loss of parton ident ﬁca’cton. .
Total energy loss instead of soﬁ or
8 9, . .
X oxs By CWH YL =00L04x1|Ey) hard gluon radiation spectrum!

I =

2
gL /dy*dec iqy X __a_j((y_“y_]_ =0,;L4+,x,|E})
E;q? 0y

14



Interpolating Spectrum
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o  Numerical results in mul‘c'qo le soﬁ scattering approximation (medium spectmm):

: : ] P+ 2py . q° : :
o Dimensionlessvariables: ~+ = ——5 "=~ L.: Medium Length
We qaly gaL+

qa: Transport coefficient (related to n(é))

2
'y
o

| - p/wc=0.01
o| g x=09
% - —x =05
o’ 8F - xX=0.3
- A - X=0.1
7F s
6 S
5( .
4 2
3— - L
: \ \\
21 ‘ % .
1 o
o - .. 8 9.9 1111-1 L1 1 resd Auul_; - | -,;L_l_l_l._lJ.L
102 10" 1 10 1
19’
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Interpolating Spectrum
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. v -

S

Numerical results in mul‘c'qo le soﬁ scattering approximation (medium spectmm):

0
o Dimensionlessvariables:
‘%lof p/wc=0.01
O 49— x=09
% » —_—X = gg
ui 8F '\ . : —x=0
. Suppression with |-- x=0.1
7F s
: Increasing x
6 !
oF (dies when x—1)
a4 v \
af TN \\Large angle emissions
2k ‘ < . suppressed
13 & \
- g1 31 1111-1 L1 1 resd Auul_; " -,;L_l_l_l._lJ.L

D+ 2p4

No collinear divergency

102 10" 1 10 1

w (j (jA L 2.

18

K

2

q4

gaL

L,: Medium Length
qa: Transport coefficient (related to n(é))



Interpolating Spectrum
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o  Numerical results in mul‘c'qo le soﬁ scattering approximation (medium spec‘cmm):

: " : P+ 2py . q> \ -
o Dimensionlessvariables: — = ——~5 #*=—= L.: Medium Length
o gaLs GgaL

C

qa: Transport coefficient (related to n(é))

10 - p ,mv = 1
Y E P /o =001 | _ c
{5 | P’ Vu;c_ 0.9 o|—i i - x=0.9
Ol .19F \ wex 8T ‘ —x=05
- ‘ g i o —x=0.3
w 8 "\ . . —x=03 0.1~ . -- x=0.1
- | Suppression with |- x=0.1 i .‘ :
7 y ! ‘
C Increasing x s
6l . 8 Decrease) !
: di 0.05
: leswhen x—1
SE ( h ) ofwc+ E .
a4 v \ !
3 _ \\Large angle emissions ol-
E o B
2k : \ A suppressed .
1:_ : 'S \ L '
B i e 'y -0.05}— : ; 1 1
3 33l 1T rressl - saaul L ""Il = [N ; L1 11 L1 11 L1 11
102 \ 10" 1 10 107 10 10 1 10 1‘32
K

No collinear divergency
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Interpolating Spectrum
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o  Numerical results in mul‘c'qo le soﬁ scattering approximation (medium spec‘cmm):

. . . P+ 2p+ 9 (12 : :
o Dimensionlessvariables: — = ——~5 #*=—= L.: Medium Length
We qdA L ik qga L '
qa: Transport coefficient (related to n(&)
10 ST = 00T - JTor=1
% = PJj/we=U. a|.%* - P+_ xc= 0.9
| of —x=0.9 u' B s
N —x=0.5 6 X=05
w 8f g - : —x=03 0.1 ‘ Y0
- | Suppression with |- x=0.1 ; “ x = 0.1
43 \ I )
. Increasing x - ‘ 2E,
6F ‘ Decrease < wis i . tform = 2
: (dies when x—n) 3 0.05[- Reauction Of e " 1
SE : of we : .
: : spectrum '
a- v \ L / o 8
| — i \‘Large angle emissions ol - P
2f ' N . suppressed f |
it i \ o
E —— -0.05~
o 1 13l 3T rressl -U-WL._L_;L_LLLLLL PN 11111/1 paanul Ll Lo aaanl

102 10" 1 10 1Kg2 10° /{0" 1 10 1'3’
\ lf’cfom >> L., the whole medivm will
LPM effect in §CD

No collinear divergency act as a sing[e sca’ctering center
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o Medium-induced gluon radiation in the hard limit:
o Comparison between the hard and soﬁ limit.

o ]n’cerpo[aﬁon between the two limits: “parton” radiation spectrum.
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Sumnary (1)
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o Medium-induced gluon radiation in the hard limit:

o Comparison between the hard and soﬁ limit.

o ]n’cerpolaﬁon between the two limits: “parton” radiation spectrum.

O

Suppvession of the spectrum with increas Ing energy of the radiated
parton;

Large angle emissions suppressed and no collinear d'wergeney;

Reduction of the spectrum for small values of the parton transverse

momentum, as predtc‘ced on the LPM effec‘c
Disadvantage: lost iden‘cy{ca‘cion of the parton for an intermediate x.
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o Medium-induced gluon radiation in the hard limit:
o Comparison between the hard and soﬁ limit.
o ]n’cerpolaﬁon between the two limits: “parton” radiation spectrum.

o Suppvession of the spectrum with increas Ing energy of the radiated
parton;

o Large angle emissions suppressed and no collinear d'wergeney;

o Reduction of the spectrum for small values of the parton transverse

momentum, as predtc‘ced on the LPM effec‘c
o Disadvantage: lost 'Lden‘cy{caﬁon of the parton for an intermediate x.
o Founda generaﬁzaﬁon, but not a comp lete deseviption of the process.

o The “hardest” parton has its movement constrained in the transverse plane.
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Sumnary (1)

e o e e it Laasie & PHPSSRPGRPE = PECERNPR- et I

o Medium-induced gluon radiation in the hard limit:
o Comparison between the hard and soﬁ limit.
o ]n’cerpolaﬁon between the two limits: “parton” radiation spectrum.

o Suppvession of the spectrum with increas Ing energy of the radiated
parton;

o Large angle emissions suppressed and no collinear d'wergeney;

o Reduction of the spectrum for small values of the parton transverse

momentum, as predtc‘ced on the LPM effec‘c
o Disadvantage: lost iden‘cy{ca‘cion of the parton for an intermediate x.
o Founda generaﬁzaﬁon, but not a comp lete deseviption of the process.

o The “hardest” parton has its movement constrained in the transverse plane.

Done ' Z(he rnex? section .I
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Vertices qwqg VS gmrgg
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l'o

o Howto Improve the previous result? Free all part'tcles so that they can undergo
Brownian motion.

Medivm K=2p S G
& ,6666€ e @5666
>

- T

~ g=(1—2z)p

k=xp

g=(1—2x)p

1¥



Vertices q-799 Vs gmrgg

e T e D s Lankanie L PG,

G

o Howto Improve the previous result? Free all pavticles so that they can undergo
Brownian motion.

Medivm K= Ip s k= zp
i ,66666 p 46666
-
Y . e e
G K / B
~ i confio g=(1—2x)p
- . : arXiv:0712.3443
o Splitting g—gg already computed in (arXivi209.4585 ). 3 |
o But, assuming small (68 o S 2 MES mo)
3.75 | W, = é\[LQ/Q

torm << L= w<<w,
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Vertices q-799 Vs gmrgg
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o Howto Improve the previous result? Free all pavticles so that they can undergo
Brownian motion.

Medivm K=2p s k= zp
i ,66666 p 46666
-
Y . e e
G K / B
~ i confio g=(1—2x)p
- . : arXiv:0712.3443
o Splitting g—gg already computed in (arXivi209.4585 ). 3 |
o But, assuming small (68 o S 2 MES mo)
375 | : W, = é\[LQ/Q

torm <<L = w << 5 [ wd=40000~

Wt << COC?
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Vertices q-799 Vs gmrgg

e T e D s Lankanie L PG,

G

o Howto Improve the previous result? Free all pavticles so that they can undergo
Brownian motion.

Medivm K=2p s k= zp
i ,66666 p 46666
-
Y . e e
G K / B
~ i confio g=(1—2x)p
- . : arXiv:0712.3443
o Splitting g—gg already computed in (arXivi209.4585 ). 3 |
o But, assuming small (68 o S 2 MES mo)
375 | : W, = é\[LQ/Q

torm <<L = w << 1.5 [@d=40000~

0)1[=\/AL
W << W ? = Gl3>>17? 1; : 1

0.75 |
Satisfied for: 05 |
0.25 | v
§=1GeVfm and L =1fm 0 5 :_2 3
10 10 10 1
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Vertices q-799 Vs gmrgg
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o Howto Improve the previous result? Free all pavticles so that they can undergo
Brownian motion.

Medivm K=2p s k= zp
i ,66666 p 46666
-
Y . e e
G K / B
~ i confio g=(1—2x)p
- . : arXiv:0712.3443
o Splitting g—gg already computed in (arXivi209.4585 ). 3 |
o But, assuming small (68 o S 2 MES mo)
375 | : W, = é\[LQ/Q

torm <<L = w << 1.5 pALRE0

0)1[=\/AL
W << W ? = Gl3>>17? 1; : 1

0.75 |
Satisfied for: 05
0.25 | :=
q=1 Ge\/fﬁm’1 and L = 1fm 0 5 il L
Nevertheless... " R e w/w‘:1
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Vertices qwqg VS gmrgg

b sims -
mmvagaﬁM" i 2g- bt 2 TR o L0 SO e ke, PR

o Problem with the approximation tfn, << L?

o Diagram: , Q3)99'

> >
& P

o lrue for ﬁxed L, but how about the showeving neaver the medium border?
( )

EELLL

. _/

19



Vertices qwqg VS gmrgg

b sims -
mmvagaﬂM"” 2g- bt 2 TR o L0 SO e ke, PR

o Problem with the approximation tfn, << L?

o Diagram: , % Q3)99'
> >

- J

o lrue for ﬁxed L, but how about the showeving neaver the medium border?
( )

EELLL

. _/

l l

tform << L tform < L
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Vertices qwqg VS gmrgg
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o Problem with the approximation tfn, << L?

o Diagram: , Q3)99'

> >
& P

o lrue for ﬁxed L, but how about the showeving neaver the medium border?
( )

EELLL

. _/

l l

i e torm ~ L == MCs need this correction!
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Vertices q-799 Vs gmrgg
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o Interesting to study g—qg:
o Not constraining to tom << L;
o Do not have a symmetry in the final state:
S =S oc butnetithe:S, & (x);

o Extrapolation from g—gg result is not possible.
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Vertices q-7~qg VS gmrgg

W Lrresine PR
mmmmuqm‘- 2 b0 2 gkt N ts LR P

o Interesting to study g—qg:
o Not constraining to tr, << L;
o Domnot have a symmetry in the ﬁnal state:
S =S oc butnetithe:S, & (x);
o Extrapolaﬁon ﬁom g—gg result is not possilo le.
o Matrix-elements:

o Al the same as in the hard limit case, but...

PN
M
1 .
§ § To==9T8a 304 /dxie P tal)@ g, a(To+: 005 Ly XL [Py )
k.a
6’) U Xﬂ(‘])t’:-.(k+fl)"/+"f—Mh(P+).. Q pA > pr A M@
Yy

Mp,(p) g | g A’
\O j:) a (q+k)+ q
§ § ‘Tq gl AIWWA]A($O+3L+50_L) ( )¢ T- Mh(k+q) ‘Iq

~N

20



Vertices iy

VISR ESRE A B 4, Tt g BT Prnars S T DAY S A Tty = I ST CAI IRV b SN st ek A AN g

o Total Spectrum (M MY):
(Mit?) = (IM2]) + (1MZ[) + 2Re { {M,M]})

o Dirac structure:

: 2¢°z(1 — )
<|Mq|2> < [(1 o)k — zq_]2 P.(H—q(x)

1 o (1—2)(2—2x) g B 3—z
M, M] k3 2 —qy -k,
<l 4 q> x 2(k - q)p+ { - z* +qll e K1 }

<|M |2>oc 1 [(1—ac)kl—:z:qL]2~}—(l—:z:)zk'f~
g P2 222(1 — )
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Vertices g9->9q vs e
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o Total Spectrum (M MY):
(Mit?) = (IM2]) + (1MZ[) + 2Re { {M,M]})

o Dirac structure: /

Only term with fac‘corizaﬁon of the
Altarelli-Parisi

<|Mq| >oc (1 —:B)k _zq*] Pq<—q($)

: Extra—term with Vespect to

g—rgg case
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Vertices g9->9q vs e

e L T T et el St tanie - PHSR

o Total Spectrum (M MY):
(Mit?) = (IM2]) + (1MZ[) + 2Re { {M,M]})

o Dirac structure: /
2
2 29°z(1 — x)

<|Mq| > < [(1 o)k — zq_]2 Pg<—q($)

Only term with fac‘corizaﬁon of the
Altarelli-Parisi

: Extra—term with Vespect to

g—rgg case

When kr = -, We recover the results ﬁrom the hard g[uon spectmm.’
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o Color Structure in < | M, \ 25

o 3reglons:
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Color Skructure
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o Color Structure in < | M, \ 25

o 3reglons:

o No assumption on the tpm (presence of region II), but »large N. limit;

W00 = —
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Color Skructure
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o  Color Structure in <| M|

o 3reglons:

|
<
o No assumption on the tpm (presence of region II), but »large N. limit;
WS - — >
< [qu_g]ij [Wgw(;] kl> o Tr <qug> Tr <Wqu> 5ii0xe
11 . >
: > : .
] < .
FTO TSR . = ON-)
« : :
> :

R2



Color Skructure
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o  Color Structure in <| M|

o 3reglons:

|
<
o No assumption on the tpm (presence of region II), but »large N. limit;
000000 = ——>
< wowi| (ww]] “> o Tr (W Wi ) T (W, W/ ol
1l > : ’:
< : 3 Close region 111
i e - + ON)
« : :
> :

R2



Color Skructure
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o Color Structure in < | M, \ 25

o 3reglons:

o No assumption on the tpm (presence of region II), but »large N. limit;

W00 = —

M T (W,W)) Te (WoWiww )
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Color Skructure
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o  Quadrupole:

o Expand the Wilson lines in an inﬁnites imal internal:

W1y = V(xia {0 (1= FBO)) T340} Ble —y1) o (4°0x0)4%(3.)

Yy

o Result:

R4
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o  Quadrupole:

o Expand the Wilson lines in an inﬁnites imal internal:

W15 4V (xia f b (1= FBO)) T340} Bl —y1) o (4200 4%(3.)

- —

o Result:
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Color Skructure
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o  Quadrupole:

o Expand the Wilson lines in an mﬁmtes imal internal:

{ z(InJ Cr B(0) —'i'IZZA“(Xi)D B(xy —y.1) o (A%(x1)A%yL))

—_— s ——

o Result:

R4
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Color Skructure

g oL TR R A P SR Y Rttt S L ianie . PYIRP s

o %admpole:

o Expand the Wilson lines in an inﬁnites imal internal:

i %(x;)f%m (1-FB0) - i'l‘:;A“(qu B(x1 - y1) « (4%(x1)A%(y.))

—_— = ———

o Result: = » q
< :
TY<W(X1L)WT(X2')W(Xa;)wf(x4l)> | e ; RS
: 5[.‘_. s g < :
:xTr<W "(x21 >T <W(X3L)W (x4*)> Lo = e
T (W (x1 )W (xa1) ) Tr (W (xs )W (x21)) g i E 5 > 8
: Pt
g ‘< :
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%avk and g[uon fac‘corize Correlation between ﬁna[ partons
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Color Skructure
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%avk and g[uon fac‘corize Correlation between ﬁna[ partons

o Inthe g—gg case, only one conﬁgwaﬁon (ﬁnal pavﬁcles are 'mdisﬁnguisha’o le):

RE
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o Color ﬁna conﬁgwattons
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Color S&rw@%uré

VISR RE b s L Tt g DA P S DA $ 4 Tty 5= I S22 a2 IR v Dot ? e b 8.2 AR var 0000

o Color ﬁna conﬁgwattons

I
<
Random walk of initial quark Random walk of initial quark

RE

'AA .~
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Random walk of initial quark Random walk of initial quark
Quark and gluon are correlated Quark and gluon are correlated
(gluon formation time) (gluon formation time)

RE



Color Skructure
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Random walk of initial quark Random walk of initial quark
Quark and gluon are correlated Quark and gluon are correlated
(gluon formation time) (gluon formation time)
]ndependen’c Ioroadening of ﬁnal partons Q’W’k and g luon act co herenﬂy

(coherent propagation controlled on d'qoo[e distance)
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Color Skructure
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Random walk of initial quark Random walk of initial quark
Quark and gluon are correlated Quark and gluon are correlated
(gluon formation time) (gluon formation time)
]ndependen’c Ioroadening of ﬁnal partons Q’W’k and g luon act co herenﬂy

(coherent propagation controlled on d'qoo[e distance)

Anal. og o’ miediutnr—antenna
26



Sunanary (I11)
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o Extension Ioeyond eikonal approximation:

o

Able to extend previous work loy anwmg all parttcles undergo Brownian
motion in the transverse p[ane

Results in the large N. limit, but with no constrains on the formaﬁon time;
Able to solve the quadmpole in this limit;

Dirac and color structure with more mforma’uon since there is no symmetry
between the ﬁna partons;

o ]n‘celgcerence term included in calculations;

Found a “genevalization” of a non-eikonal in-medium antenna.

R7
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o Study of Jet Quenching is important since it provides a way of probing matter
created in heavy-ion collisions.

o Further unders‘candmg the mechanisms of interaction and propagation with the
medium:

o Ahfeady several eﬂ?ovts up to now:

o Medium-induced hard g[uon radiation, Medium-induced gluon

branching (small ’tforw), (Massive) Medium antenna, SCFT...
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o Study of Jet Quenching is important since it provides a way of probing matter
created in heavy-ion collisions.

o Further unders‘candmg the mechanisms of interaction and propagation with the
medium:

o Ahfeady several eﬂ?ovts up to now:

o Medium-induced hard g[uon radiation, Medium-induced gluon

branching (small ’tforw), (Massive) Medium antenna, SCFT...

o Aﬂd even more COWfU’lg soon.

o Medium-induced gluon radiation loeyond eikonal limit (large N.),
calculation of double inclusive z-gluon emission...
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o Study of Jet Quenching is important since it provides a way of probing matter
created in heavy-ion collisions.

o Further unders‘candmg the mechanisms of interaction and propagation with the
medium:

o Ahfeady several eﬂ?ovts up to now:

o Medium-induced hard g[uon radiation, Medium-induced gluon

branching (small ’tforw), (Massive) Medium antenna, SCFT...

o Aﬂd even more COWfU’lg soon.

o Medium-induced gluon radiation loeyond eikonal limit ([arge N.),
calculation of double inclusive z-gluon emission...

Thawnlkes!
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Interpolating Spectrum
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o Mulﬁp le Soﬁ Scattering Approximation:

n(€)o(e1) = 5@ + O(ln 2

o Static medium: = p*/A
o Allowusto ﬁnd analyﬁcal expressions:

KW+ YL =01;9+,%1|9+) = Kose(¥+, YL =01;J+,%1|a+)

A . : : .
= W—;Cxp [ZA]B] (Xi + y‘i) — 2t1A1x - y_;]

= — ca , B1=cos |7+ —1 , Q=
2 sin [Q(y* - l/+)] 1 [ (y 7/+)]

A,
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