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based on:
(k; broadening/entropy in jets)
(dijet production)
(Monte Carlo for gluon fragmentation functions)
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Jet Production(1/3)

Cross section =
(u)PDF1*(u)PDF2*hard cross
section

*fragmentation of jetl
*fragmentation of jet2

P

} Here via KATIE
] Here via MINCAS
P

[van Hameren: Comput.Phys.Commun. 224 (2018) 371-380] (KATIE)
[Kutak,Ptaczek, Straka: Eur.Phys.). C79 (2019) no.4, 317] (MINCAS)
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Jet Production (2/3)

k; factorization:

dopp :/ d*kyr d’kor 1 ‘Moff—shell 2

dyrdy2d?qird?qor s m  16w2(z1w98)2" 99 T

x6) (ElT + E2T — Qi1 — CET) Fg(w1, leﬂ HF)F (2, sz, MF)

Fy(x, k3, 1%) .. .unintegrated parton distribution function (uPDF) Numerical simulations by KATIE algorithm.

full phase space access at LO
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Jet Production (3/3)

Factorization for AA collisions:

do sa ) /1 d7 R i do
= [dQ, [ @l | —=6(p" —z¢")dP(p—1—q)D )22
= [an, [ [ Towt - a0 -1 - )DL rla) G

dQ, = dq+d?q 7(qt) = Qele qq;L

d*o A 5 5 daz'l n dxo N
Q Q — — —
0, d,, /d qlfd qg/d llfd l2/ T1q, )/0 7 6(py — Taqy )

- . d?o
0 (py — 1y — q1)0P (pa — Iy — qo) D (21,11, 7(q] ) D (&2, 12, 7(q3)) =
dSd,, dS2,
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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
...Bethe-Heitler spectrum
tor > tmfp : coherent radiation

dI L _ b fp

= = /e
de Nastb'r' _as w \

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:

M p—).’i',‘p
Generalizes BDMPS-Z approach o
Includes transverse momentum broadening poptk
For gluon-jets: d*q X +
 Zpk.r) / dz / > [2%(Q2. 2D (24t ) - K(q.20p8) Dlx ko)

+/ 1 ) Dk —1L1)

x.k—1.1).
(2m)? ’ ’
Induced Radiation:

K(Q,z.p5) =

Scattering:
2 Pg(z) &

g sm[Qzlexp[ QQ]
pga(l—2) |2k, 245, C(q) = w(q) — (q) / d*q'w(q’)

®=xpg, kz=+/®do, Q=k—zq, & =z(1—-z)pf

[1—z(1—2))?
zZ(1—2z)
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Go=q4f(z), f(z) = 1—z(1—2), ng(z) = N



BDIM Equation

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

k; averaged Kernel:

[, et Q’p(’)%\/;N ) = D= )

0

Integrate over k

v

0 1 [t [ [z T 2
= D(a,t) _t_*/o a:K(2) | ED(;,t) - =D
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£ Da, k) = tl fol dzK (2 )ng D (";—Jé,t)) 0z — z) — %D(xjk,t)] +/

(2.0)




Departure from Gaussian broadening

always same distribution for . w(q) = 1670 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
. o
+— [ 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\;]o
—>non Gaussian behavior "
—2Z1P +q1 + q2 Figure: [Kutak, Ptaczek, Straka: Eur.Phys.J. C79 (2019) no.4, 317]

—>ZQ(21—|—Q1—|—C]2) — ...
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Different models

. . . 2
» Broadening in branching: _D(x k. 1) / dzf i [25( Q,Z,x )D( .q. )—x(q,z,xpg)D(x,kJ)
2
* No scattering +/ (j ;2 C()D(x,k—1,1).
° 1 . o 1671'2052Ncn
Scattering: y(q) = =Tt
167202 N.n
* Scattering: w(q) =
()= q*(q* +mp)
. . . ) 1 /1 1 k d?
» No broadening in branching: o Dl k1) = /0 dzK(z) [Z—\/gp (g ;,t) 0(z — z) — %D(m,k,t)] +f (QW?QC(q)D(m,k— q,t)
o 16720’ N.n
Scattering: w(q) = o
16m2a%N.n Numerical simulations by MINCAS
Scattering: w(q) = @ (g% +m2) 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(a:at)

L given by Gaussian distribution with variance o2 ~ L
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k: Broadening

Gaussian approximation

~

D(.CE, kT, t) = 27Tk‘TD(£C, kT, t)
K(z), w(l) o< PP/(P+m2) K(z), w(l) e I*
s =
8 — t=0fm 8 1L. — t=0fm
= wen t=0.1fm = 4 e £=0.1fm
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[Blanco, Kutak, Ptaczek, MR, Straka, arXiv:2009.03876]
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Kk Broadening D(, k1) = 2mkr D(w, kr. 1

Gaussian approximation K(z), w(l) = FZI(I2+m%) K(z), w(l) e I*
= 3 z
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[Blanco, Kutak, Ptaczek, MR, Straka, arXiv:2009.03876]
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Entropy for leading particles

S,(t)-S,(0)

N
SA(I) = — Zpg(x,k;r,t) ll’lpi(x,k’[,f) -|-P(t) In [AxAkﬂ
i=1
Axr — 0, Akp — 0
Sa(t) = —/dxdkTﬁ(a;,kT,t) In (f)(a:,k;p,t))
pg(x,k;r,t) = [D(xjkr,t)AxAkT]j =

N
=Y pilx.kr,z)
=

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

[2713](7* D(x, kT, I) AXA](TL-

GeV?/fm

0
|

K(z), Gaussian k_ broadening

K(z), w(l)e< I*

] K@), w(l)e= (F(P+m2) Y

winmiain K(2,Q), W()=0

-t K(z,Q), w(l)< I
4 e K(z,Q), w(ly= (F(P+mB) )
2
N I T ST S S R N

t [fm/c]

Identification. InformationCriteria and Algorithms. Elsevier, 2013,

https://doi.org/10.1016/C2012-0-01233-1] (Delta-Entropy)
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[Blanco, Kutak, Ptaczek, MR, Straka, arXiv:2009.03876]
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Azimuthal Decorrelations

dN
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b
[v. Hameren, Kutak, Ptaczek, MR, Tywoniuk, Phys. Rev. C 102, O44910]A(P rad]
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K(z)

w(q) =

16m2aN.n

q*(q* +m3)
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Summary

* MINCAS: jet evolution based on coherent emission and scattering
* Combination with KATIE: allows for calculation of jet-observables

* Transverse momentum broadening differs from Gaussian distribution
* Gaussian distribution: smallest k; broadening
e ...leads to broadening in angular dijet decorrelations

Outlook

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



Thank you for your
attention!
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Azimuthal
dN

Decorrelations

dAQ [nb]
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= pT>50 GeV
Normalized - 1.2<]y|<2.1
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1072 ~:’~" ---------
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[v. Hameren, Kutak, Ptaczek, MR, Tywoniuk, Phys. Rev. C 102, 044910] A(P rad]
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K(z)

w(q) =

16m2aN.n

q*(q* +m3)
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