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Jets as QGP probes

» Observe jet quenching effects by comparing AA and pp collisions
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infer properties of the quark-gluon plasma (QGP) ! [Hannah’s talk this morning]
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Jets as QGP probes

Study of jet interaction with the QCD medium (QGP):

BDMPS-Z effect.: momentum broadening and medium-induced radiation

colour (de)coherence — (anti-)angular ordering:

Soft (low energy) gluon radiation:

‘961(1

0 < 0,5
j qq
Otherwise, the g|u0n radiation also for 6 > @qq_
resolves the full gg dipole ——+  enhancement of
—— suppressed large angle radiation
v

the probability of the dipole to be resolved and decohere plays a role in the radiation spectrum
— |et’s study the colour dipole in a framework where decoherence is naturally encoded
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Jets as Open Quantum Systems

We can study these phenomena with a suitable framework: open quantum systems!

— several applications in HEP: quarkonia in QGP, neutrino physics, cosmology, ...
[previous talks: Panayotis, Miguel]
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€ QGP

Coupling with an environment modifies the subsystem and “steals” quantum

correlations from it
— quantify momentum broadening and decoherence
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A simple jet as an OQS: a gg dipole

We study the case of a boosted gg dipole (no radiation, yet):

Learning from... Heavy quark-antiquark (quarkonium) OQS
heavy mass \\\@L in 3+1 dimensions

_ _ “—_, non-relativistic
Single quark jet OQS _—  description

—,

Let’s consider the following kinematical configuration:

— boosted N back—to-back—|

Ky E~qgt > DP1 > q ~Qs=+4qL

relative center-of-mass
transverse transverse
momentum momentum

longitudinal
momentum

—— meaningful for (e.g. LHC) phenomenology - <




Derivation of the master equation

kinetic term interaction QGP
Pl P
Hamiltonian H = e s ®]1E—g/d2au n“(x) ) A, (t,x1)+ 1s ® Hy
2kt 2k
number density: ”fla(CBJ_) — 5(€BJ_ — C/I}J_’q)ta &) ﬂq— — ]lq 029 5(CUJ_ — QAZ‘J_@){CL
quark antiquark
unitar _
( y) Partial trace thermal equilibrium state
dp , over al o — le_ﬁle
Partial trace E — — 1 [H ; ,0] environment P = ps K pE Z
Tr E () system environment

Von Neumann’s equation \/

/ iInteractions with the medium:

— imaginary potential W describing
the collisions with the QGP

dps
dt

Lindblad’s equation

= —1 [Hy, ps] + D(ps)

(non-unitary)
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Derivation of the master equation

Colour structure

Wigner function

We study the evolution of the matrix elements:

NZ2—1
P = Ps |8> <S| + Po Z ‘OC> <OC‘ (riarai|plrii’rel’) = p(rairaasria'ray’)
c=1
singlet octet Introduce new variables:

Two-body problem: relative and center-of-mass

/
T

>

3 : :
q
Q088 A Ps (z]plz’) = x><+ .
2 E
| qﬂq T I (90 — (jLS

Po  "Sadenige . Wigner function:

partial Fourier transforms
————> | p(r1,p,b1,q))

relative c.0.m.



Master equation —

parameter

/ T | relative position
. HTL A b | impact parameter
- - - ] R 5 5
Harmonic approximation of the potential: Wh —  x GO [r 2 V2 qu b e .
arm. approx.

] _ _ d | center-of-mass mom.
We have a master equation for the Wigner function:

Colour factors:

N, # of colours

Kinetic term CoM diffusion  colour transitions

0 [ ps 1 | 1 Ps q 0 O —20r 2CF 0
&f(pO)—l_(EpL.erq_l_qLOVbL) (PO){( )sz—l_( 1 1)TL

4C N N
C
TF vQ Ps
1 1 P,
AR FfuSi ZN. 7] ( rescaling of variables )
E & B quantum diffusion: rescaling ot variables
%
q" =k + kI It causes diffusion inp, qL operator scales as
symmetric splitting: and decoherence 20, Q
ki = ks ===

HC Pl ‘90

| | | | _ smallin £>p, >q
A “two species” Fokker-Planck -like equation: any analytical solutions? &egime ) j
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Master equation: colour transitions

We take the ©O(1) in the relative diffusion term %QV%L

We integrate out the center-of-mass degrees of freedom g, and b,
— quasi-factorization (see later for the quasi)

Straight-line motion and colour transitions:

kinetic term colour transitions
\asg,‘\ca‘\ Va;e Q Ps 4 ip AV Ps _ q\ri _QCF QCF Ps 1 B 1 | 1 | eﬁ.etctcij\_/e |
G equa’g_\(& at Do E 1 r1 Do 4CF ]\}v _ NL Do E kii_ | k; mo?nentum
T C C
e . . - hard factor: production
Initial Wigner function (colour singlet): ofmeq}pair
p(P,71;q9,,b1;0) =pr(P,,71;0)pr(q,,b1;0) or(p,,7.:0) = H(p,)5(r,)

relative center-of-mass

Singlet survival probability: or at f = L rewritten as

large V. qA(92

q7 ,3 4 \? . 2p? 0qa g _ 2
> Ps(t) — €XP 19 t \/v tc — q"92 qu: ﬁ PS(L) — €XP 92 c — \/QA?
qq ¢



Master equation: center-of-mass diffusion

Let’s now consider the motion of the center-of-mass too:

kinetic term CoM diffusion colour transitions
- + | =P, Ve, A q-Vb> = — Vg + T
f%(po) BT T gttt ) \p,)  4Ck | \0 N T ~ ) \p
q DB
2 oA
g WW< ] S —— Qs = qL
2 1.5} - 92 ﬁ
a qq E2
< 1.0}
4
<Aq3—>‘incoh. — <Ak1'L2> T <Ak2_L2> - 2@? 0.5r " C.A/CF 9(2: - CjLS
initial {| — o
MW7 T 107 10r 102
097/ 6c
Non-trivial check of known Wilson lines-like Possible pheno applications: even higher Casimirs

calculations with OQSs
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Solutions: quantum decoherence

Colour decoherence

> |nitial colour singlet state

(1r7) (rr] 0
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4(0)) 7 0
\\g§> (rr|
time -
evolution _ Y4q
S ( 02(1)
t — o0 v
» Colour decoherence: (Ir7) {rr]
suppression of the off-diagonal rg) (rg]
elements (coherences)
0
» Colour equilibration: total \

randomization of the colour of
the dipole
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Kinematical decoherence

[ ] [ ] | | 1
> Initial colour singlet state pr(g,,b1;0) = _26_(13//\2_/\21,3
0

(Gaussian with width A)

Numbers:
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Summary

- We have derived a master equation with the OQS formalism for a boosted gg dipole:

> The collisions with the medium cause colour decoherence
- colour transitions (singlet-octet)
- diagonalization of the density matrix in the colour-anticolour basis
- colour equilibration

> the broadening of the center-of-mass transverse momentum, breaking factorisation

— interest also in future application with higher Casimirs, e.g. g¢ dipole

> kinematical decoherence in momentum space (if not already outside the QGP)

~ perturbatively solved the full master equation equipped of the relative transverse momentum
diffusion term (for Gaussian initial states): mild corrections

* Work in progress to apply this framework also on radiation-related phenomena

Thank you for your attention!







Master equation: perturbative relative diffusion

Rescaled master equation:
kinetic term

large-IV..
1

2

—1
1

o 3)i |

0, Ps _ — Ps
57 (ﬁo) + (PL Vz, +4q - VEL) (ﬁo

)

CoM diffusion colour transitions

Analytical solution

of the full equation: - Gaussian ansatz

Perturbative expansion up to O(k*)

Singlet survival probability:

In our kinematical configuration
E> P >q

neglecting the relative diffusion
term is a good approximation

checked also for higher moments (variances,...) .
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