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Two main sources of information:

coming from the thermal matter
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jet quenching
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jets interact with the medium while propagating through it
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Jet tomography

- Jet tomography: Jets as differential probes of the spatio-temporal structure of the thermal

matter created in HIC

- Modification of jet properties throughout their flight encodes information about

the QGP characteristics and evolution

- Most approaches to jet-medium interaction are either empirical or based on multiple

simplifying assumptions
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Do jets feel the transverse flow and anisotropies of the QGP?
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Focus on leading perturbative processes: Two processes that modify jets.

Single particle broadening Medium induced gluon radiation

Theoretical formulation of jet quenching requires several assumptions to make it tractable.
Some of the are

. Ekional expansion; only sub-eikonal length enhanced terms are kept

- Medium is modeled by a background field

. In the simplest scenario the medium is and
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The medium is modeled by a field created by a classical current of sources

Heavy sources

The stochastic field can be written as

controls the jet-medium interaction

controls de inhomogeneity

gA™ (q) = 3 ¢ " 12 wifa) (2m)5 (a0
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The medium is modeled by a field created by a classical current of sources

o 0 o o ¢’ _ af

® 8 o 9 o Heavy sources
g e o o o o’ g

o e o o o o up = (1, u, uz),

The stochastic field can be written as

controls the jet-medium interaction

Aa,u _ ,u —1qQ-I; a ; 2 L . — QLU
gA™(q) = ) uffe tivi(q) (2m)0(g0 — q - w — gz z) controls de inhomogeneity

velocity of the sources
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The medium is modeled by a field created by a classical current of sources

o o e L (o  af
® 8 o 9 o Heavy sources
e s o o o’ o’ g
oo o o ° o up = (1, u, uz),
92
The stochastic field can be written as vi(q) = —

q° — p* + e
/

controls the jet-medium interaction

Aa,u _ ,u —1qQ-I; a ; 2 L . — QLU
gA™(q) = ) uffe tivi(q) (2m)0(g0 — q - w — gz z) controls de inhomogeneity

velocity of the sources
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Stochastic field — need to specify the average over its configurations —— Gaussian statistics
gA™(q) =) ul e T T v;(q) (2m)0(q0 — @ - u — qouz)
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P—4q p p

: PTC] @
Eq
xX; 7l

vi(q)

/ N\

Source averaging

Colour neutrality
_ 2., 1 .
(A%(q)A%(q)) ~ <t§}t§?> = C 6;; 04 Z = /d xdz p(x, 2)
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Hydrodynamic variables, g(x, z) , encode the matter structure: g(x,z) = p(x,2) p?(x,2) u(z,z) u.(z,z)
2
@ p—'q p p p—4q @
bo b
zi < v;i(q) T = v;(q)
Transversely homogeneous matter : / g(z) e HaFDT — () (27)2 62 (g + q)
£
g9(x,z) ~ g(2)

Transversely inhomogeneous matter : _i(qtg) -z _ > 0 (2)/ . | =

Vag(z)xye =1V o9(2) (27) Ha+q) 0'“'(qtq
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iMy = (D : M= @ i i
q

Single-Born contribution Double-Born contribution

(IM[*) = (IMg]) + (| M:]*) + (M2 M) + (M3 Mo)

Some assumption

» Only first subeikonal corrections are kept

» Dilute and extended medium uAz > 1
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The final state parton distribution
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The final state parton distribution

dN N(O) i (uE—p—l—q)az_ dN©)
B d 1 —gq, 1 I B
PpdE @pdE / Z/ { LR CEv Y- R E R U T w5
. (uE —p)oz dN ) )
_l1-g, | +w-T E
g 1-w)E 1+u-I'pp(q) d2p dE
1. 0 _dNO 7g*\/1—u?—u2 §?(qg
142 g Vi D1 ) (@)

277 0pa d*pdE 2u(1 —u,)E  [v(g?)]

Initial distribution E N = __ J(E,p)
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The final state parton distribution |
Flow corrections

(Gradient corrections

dN N(O) i (uE —p+q), A dN©)
E d 1 —ga 1 +u-T(q) E
PpdE ~ dpdE / Z/ { 19— g | LT T E G R
o (UuE —p)y 2z dN ()
~ |- 1+ T E
Je (1—uz)E 1+u-Toplq) d2p dE

1, ANO 7 gt /1 —u?—u2 6§ (q) -
ke 0paEd2p dE 2u(l —u)E  [v(g?)]? } Pe) i)

Initial distribution E —=
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The final state parton distribution |
Flow corrections

) 0
9o = Z (Voﬂ@) Gradient corrections
g
dN N(O) i /(’U,E —p—l—q)az_ dN©)
E d 1— g, 1 T E
PpdE ~ dpdE / Z/ { 19— g | LT T E G R
o (uWE —p)oz dN©)
— (1 —g, 1 I E
g (1—uz)E [ T U DB( )] dedE

1, ANO 7 gt /1 —u?—u2 6§ (q) -
ke 0paEd2p dE 2u(l —u)E  [v(g?)]? } Pe) i)

Initial distribution E —=
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fp(poq Pa,, ) Ed;g\c/;E dN (0) f(E) p?
initi a1 Pa, ) = s and E = 2wt
Definition of the moments (P, ---Pa. ) [ E gg% PpdE — omur
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Jp(Pay --Pa )Ed2cg\£E AN O f(E) _ »?
initi mom a1 Pa, ) = s and E = 2wt
Definition of the moments (P, ---Pa. ) i 5%% PpdE — 22

 Leading odd moments

<pa>=—%c’/0 dz [1- 2§ — p(Z)( - )E/Cf gl B 2 0 v(g?)]?

_ l_uz 1_uz _ f(E) -4 aqz_
L 1 — u2 — 2
v [ gL
0 4,u(1 —u,)E Along the flow
] , I q? . 52 (q) g \/1_u2_u§' Along the gradients
/ / ot ["A-w)E " p(@F 20 -uw)E
1 1_Zg Uq, N
2 | 1—uz_ (1 —u,)FE
0 f'(E)
x q° |8w? + (10w? 4+ g*) q* - (4w? + q*) E 2) [v(g?)|?
a | ( q)qaq2 ( q°) ) p(2) [v(g”)]
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f (qu P )Ed2dA£E dN(O) f(E) p~
Definition of the moments o Peo. ) = - - £ and E — T 2w?2
PP} = T gy PpdE 2w’

 Leading odd moments

Jets do feel flow and anisotropies
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f (P, - pan)Ed2pdE dN(©) f(E) _ »2
Definition of the moments  (Pg,---Pa. ) = f Eﬁ;f% and Ed2p = =5 e

 Leading odd moments

Agreement with previous results
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W IGFAE vEg B .. Moments of the final distribution
dN
Jp(Pay--Pa,) Bz am dN(0) E 2
Definition of the moments (P, .-Po. ) = Z— 0 £ and Ed2 == / 26_2120—2
prd2p TE pdE  2mw

« Quadratic moment of the distribution

(p*) = 2uw* + C dz |1—2zg -
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dN
Jp(Pay--Pa,) Bz am dN ) E 2
Definition of the moments (P, .-Po. ) = Z— 0 £ and Ed2 == / 26_2130—2
prd2p TE pdE  2mw

« Quadratic moment of the distribution

D) =202 +C [ de |1—2g- —*—| p(2) / 2 (@)
0 _ 1_U’Z_ q
)
5L
_ .
N A
q(2) 12— qo(2)
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Rough estimation of the effect

A i A u ) A
g(z)=|1—2¢g- 02
@)= |12 = | dol2)
- Only gradients of temperature to leading logarithm iL
» Everythi - ind dent -
verything z - independen Gl
) L Vp u | .
gL = |1 ' qo L
! 2 p l—wu,
Chosen parameters
\v/A
L~5fm | = 0.05
T ~0.3GeV u~0.7c about % to the z-axis
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Rough estimation of the effect e
A i A u ) A
g(z)=|1—2g- 02
()= |1=28 7= do(2)
1.00
- Only gradients of temperature to leading logarithm iL
« Everything z - independent A
ything p Gl
) L 3| Y| T |u| cos(8) | . e
gL = |1 Go L
2 1 —u,
i - 0.00 0 e ns . -
3 2 y
Chosen parameters O(u,g)
VI
L~5fm | = 0.05
T ~0.3GeV u~0.7c about % to the z-axis
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Rough estimation of the effect .
A i AN u ) A
G(z)=|1—2g- Go(2)
i 1 - uZ _
1.00 1
- Only gradients of temperature to leading logarithm iL
- Everything z - independent -
ytning P GoL
) L 3| Y| T |u| cos(8) | . e
gL = |1 qo L
) ) 0.00 0 T m 3n
7y 2 T &
Chosen parameters O(u,g)
VT
L~5fm Lol ~ (.05 - Full dependence p = p(71)
 Other gradients contribute in non trivial way
T ~0.3GeV ~ 0.7 about — to the z-axis A
¢ ¢ 4  Z-dependence must be taken into account
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The jet quenching parameter is positive

2q - 7 <1 or gradient expansion brakes - qz)=|1—-2g- 1 Go(2)

Keeping full dependence x on in a crude estimate

p .1—uz
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Flowing anisotropic medium =  ahisotropic broadening

Directional effects due to transverse gradient and flow

- Odd moments of the distribution are non-zero and along gradients and flow
* (potentially lower background but smaller effect)

Novel multiplicative effect on even moments not energy suppressed

* The jet quenching parameter gets a multiplicative correction 1 1 1

U

()= 11—2q-
q(2) 297 | )
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Focus on leading perturbative processes: Two processes that modify jets.

Single particle broadening \/ Medium induced gluon radiation

>

\7

Medium anisotropy

Jet orientation

o (\\‘Q@\N
N\O\\x
v
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Ressummed medium-induced radiation

Ressummed spectrum with transverse gradients

» Asymmetric medium-induced gluon spectrum

YT — 0.05

dI

Y dwd?k
dI

v dwd?k

(2m)*
(2m)*

- S —
k2 /4L k2 /4L
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9 XUNTA Ressummed medium-induced radiation

Ressummed spectrum with transverse gradients

» Asymmetric medium-induced gluon spectrum

YT — 0.05

dI
Y dwd?k

(2m)®

I 1

k?/GL
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o XUNTA Medium-induced radiation

k
k—q
@ pP—q
S Pk
%

SB and DB diagrams add up to 12 different contributions
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The final state parton distribution

aN& 1 1
d?kdx d*pdE — [2(27)3]% z(1 — )

- Static matter with full gluon kinematics
Extending the previous result to hard gluon emissions
Without ressummation of the interactions

Both agree on the correspondent limit
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The final state parton distribution

A A | 1
d?kdx d*pdE — [2(27)3]% z(1 — )

- Static matter with full gluon kinematics
Extending the previous result to hard gluon emissions

Without ressummation of the interactions
GLV spectrum

Both agree on the correspondent limit
dN Q) 2C dNO N\ [*
B =2 (g2 / dz / p(2) [v(q*))?
Pkdrd’pdE  (2m)3z dpdE 0
X 2k-q 1— —q) g-k | 1sin k—2z
k?(k — q)? o 23:E 2:1:E © k? |xFE k? 2¢0F /) |
k —

Ik(gc q)2 :g.(fE_q)z g'(z(k 5)2 k-(:—q)>sm((k2;g)2z>:}

(GGradients corrections
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The final state parton distribution

A A | 1
d?kdx d*pdE — [2(27)3]% z(1 — )

* Flow-gradient mixture effect
GLV spectrum

Leading correction to the spectrum | |
Gradient x flow corrections

dl @Cr [ ) 2k-q | (k—q)” \ 212
Wy T = (27)2/0 dz/q[l—g-uz] PRITRE _1—608( T z> p(z) [v(q®)]

Multiplicative modification of the radiation rate = Modification of the induced energy loss
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Outline

To take home

- Jets do feel the transverse flow and anisotropy, and get bended and distorted

* The transverse flow and anisotropy do affect the medium-induced radiation, modifying the jet substructure

* The interplay between flow and anisotropies modify the amount of quenching of a jet

* These effects can be probed in experiment, leading towards actual jet tomography

5,
S

* *

* —

w FON Eur
wrm FO dos Europeos



) RH DE GALICIA

Instituto Galego de Fisica de Altas Enerxias DE COMPOSTELA

LY i
%IAA\§ |G FA E U EA XUNTA

To take home

* These effects can be probed in experiment, leading towards actual jet tomography

They may be accessible with different substructure techniques, e.g. EECs
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