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Jet Quenching

CM CMS Experiment at LHC, CERN
C } . R Data recorded: Sun Nov 14 19:31:39 2010 CEST
1 2MS Experimentat EHC, CERN I, \| Run/Event: 151076 / 1328520 . .
3| Data recorded: Thu Aug 26 06:11:00 2010 EDT A otion: 240 su b | ead I ng J et
Run/Event: 143960 /15130265 :
Lumi section: 14

Orbit/Crossing: 3614980 / 281

Jet 0, pt: 205.1 GeV.

leading jet
Jets interact with medium Jet Quenching!

probe of the medium
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Coherent emission

...a la BDMPS-Z [Baier, Dokshitzer, Mueller, Peigné, Schiff, Zakharov]

=
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thr ~ ty pp: ONe scattering + radiation S S 3
...Bethe-Heitler spectrum = S S I3
= S < S
tor = tm fp : coherent radiation S S 9 2 &

dI b fp

Wiw dw ~ Qs tbr IRV \

Look at range: wpy < w < W,

\need effective kernel: IC(z, k1)

cf. [Blaizot, Dominguez, lancu, Mehtar-Tani: JHEP 1301 (2013) 143 ]
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BDIM Equation

[Blaizot, Dominguez, lancu, Mehtar-Tani: JHEP 1406 (2014) 075]

Momentum distribution:

Generalizes BDMPS-Z approach om 2P
Includes transverse momentum broadening poptk
For gluon-jets: d’q X
or gluon-jets: JC k l‘ / dz / [2'—7( Q <5 _p{)) (aqat) o Qc(qujxpg)D(x:k:t)]
<

d’1
+/(2n)2C(l)D(x,k—l,t).

Induced Radiation:

. , , Scattering:
K(Q ) = i) "mlz%lem [2%]
(S P73 : C(q) = w(g) — 5(q) f 2q'w(q)
w=xpg, ki, = /g0, Q=k—2zq, 0y =2z(1-2)p
. . =1 =2))?
G0=3f(2); f(2) =1=2(1=2), Peg(z) = Ne— =
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BDIM Equation

L} [Blaizot, Dominguez, lancu, Mehtar-Tani: JHEP 1406 (2014) 075]
. Momentum distribution:
Generalizes BDMPS-Z approach

p — xp

Momentum transfer:
k; averaged Kernel: p—pt+k

(1— 2+ 22)5

/ QK= Qp) = 2y [-L NG >
0 pg
9 \

2Dz, k) = ;/0 42K (2 )[1 ED( G(Z—a:)—%D(xjk?t)] +/(§z§20(qw(w;k—q;ﬂ

22\ x

/ Splitting: \ l Integrate over k / Scattering \

K(z) = (1_Z+Z)2 0 1 /! Z_ (T z
1 — Z 5 ED(:B t) :t_*/o dzK(z) [\/;D (;,t) — ﬁD(m,t)] C(Q) — UJ((]) . 5((]) /qulw(ql)
t_ — aSN w(q) = 167r2a§N
T g
\_ ¢*(¢? +[n]) .

>|<
\ Vt* oty /
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Different models

. . . 2
» Broadening in branching: _D(x k1) f dzf d°q [25( Q’Z,x )D( .q, )—x(q,z,xpg)D(x,kJ)
. 2
+  No scattering +/ d ;2 C(1) D(x,k—11).
° 1 . o 1671'2052Ncn
Scattering: y(q) = =Tt
167202 N.n
* Scattering: w(q) =
(@)= q*(g* +m7p)
. . . . o 1 1 1 k d?
» No broadening in branching: D k1) = — /0 dzK(z) lz—\/gp (g : t) 0(z —z) — TD(Q; k t)] f(ZW(;QC(q)D(m,k—q,t)
o 16720’ N.n
Scattering: w(q) = o
- ~ 167%a2Nen Numerical simulations by MINCAS
Scattering: w(q) = 2@ +m3) algorithm.

. . [Kutak,Ptaczek, Straka: Eur.Phys.J. C79 (2019) no.4, 317]
» Gaussian broadening:

x given bva D(x,t) = tlf dle(z)[ %D(g,t) e(z—x)—%D(wat)

L given by Gaussian distribution with variance o2 ~ L
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Departure from Gaussian broadening

always same distribution for . w(q) = 167°aZ Nen
changes p — p+q _ (2) q*(q> + mp)
.. > B t=1fm
—>central limit theorem 2 0.16:— MC solution: MINCAS
) d%q —0.14
9 Dla,k,1) :/ C(q)D(x,k — q,1) =0
ot (2m)? 012
1 1 [ -
+— [ dzK(z2) 5 01
t* 0 5 B
1 [z r k z 0008
0.04|
Splitting 3 la p — 2p Virtual emissions 0.02}
- perturbations of For example: oF =R TR PR R P I
different sizes pP— 21p — 21Pp T+ q1 -8 6 4 =2 0 2 4 6 k ?Ge\;]0
—>non Gaussian behavior >
—Z1p + qi + q2 Figure: [Kutak, Pfaczek, Straka: Eur.Phys.]. C79 (2019) no.4, 317]

—>zQ(21+q1+q2) — ...
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k; Broadening (1/3

Gaussian approximation

~

D(.CE, kT, t) = QWICTD(J?, kT, t)
K(z), w(l) o< PP/(P+m2)
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k; Broadening (1/3

Gaussian approximation

~

D(.CE, kT, t) = 27Tk‘TD(£C, kT, t)
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Entropy for leading particles

N
=Y pi(x,kr,t) Inpi(x,kr.t) + P(t) In [Ax Akr]
i=1

Sa(t)
Axr — 0, AkT — 0

Sa(t) = —/dxdkTﬁ(a;,kT,t) In (f)(a:,kT,t))

p;(x,k;r,t) = [D(xjkr,l‘) AxAkT] = [ZEkTD(x,kT,I)AxAkT]i

N i
P(I) = ;pj(x,kj‘,t)

[B. Chen, Y. Zhu, J. Hu and J. C. Principe,System Parameter

Identification. InformationCriteria and Algorithms. Elsevier, 2013,

https://doi.org/10.1016/C2012-0-01233-1] (Delta-Entropy)
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k: Broadening (2/3)

Gaussian approximation K(z), w(l) o< I* K(z), w(l) o< IP/(P+m2)
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k; Broadening (3/3

Gaussian Approximation K(z), w(l) o I* K(z), w(l) o I/(P+m3)
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Summary

* MINCAS: jet evolution based on coherent emission and scattering

* Transverse momentum broadening differs from Gaussian distribution
* Gaussian distribution: smallest k; broadening

* Clear ordering of broadening effects

Outlook

* to account for quarks
* to study more forward processes
* and vacuume-like emissions



Thank you for your
attention!
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BDIM Equation as Integral Equation

[Kutak,Ptaczek, Straka: Eur.Phys.J. C79 (2019) no.4, 317]

%D(af:,t) :ti* /01 dle(z)[ “D (%) —%D(m,t)]

\4

T 1—e¢ 1
D(z,7) = €_¢($)(T_TO)D(.CL‘, 70) —|—/ d’r’/ dz/ dyd(x — zy)\/EZIC(Z)e_Qb(x)(T_T’)D(y, )
o 0 0 2

T

Pt o) = — /Ol_edzz}C(z)
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Monte-Carlo algorithm

<

T 1—e 1
D(z,7) = e ?@T=)D(z, 1) —I—/ dT’/ dz/ dyd(x — zy) \/Ele(z)e_‘b(m)(T_T’)D(y, )
o 0 0 X

”

Set/Select zg
at 7o

Repeat for next
stepinTandx

N
C
stoponce 7 > 7, A
S

Analogous for the kr
dependent equation in

: _ _ | zkT,and, T
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Diffusion approximation (1/2)

%D(x,k,t):i 0 dle(z)[ (D( )e(z—m)—TD(xkt)]
d2
43 Cla) Dl — a.t),
d _1 ! 1v k
< X Z

1
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Diffusion approximation (2/2)

Diffusive approximation T =0.0675
= < 10 n
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