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Jet Production(1/3)

Cross section =
PDF1(or TMD1)*PDF2(TMD2)
*hard cross section

*fragmentation of jetl
*fragmentation of jet2

Py

]; Here via KATIE

] Here via MINCAS
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Jet Production (2/3)

k; factorization:

dO'pp /dzle d2k2T 1 ‘Moff—shell 2

- 708 T 1672(xix08)2 " 9999

dy1dy2d? qrrd?qor
X(S(z) (ElT + EQT — (j’lT — J2T) ]:g(xla k%T7 M%)}—g(m?v k%Tﬂ M%)

fg (-CE, k%, u%) ...transverse momentum distribution (TMD)

full phase space access at LO
particularly relevant at low x



Jet Production (3/3)

Factorization for AA collisions:

doaa ) /1 d7 R i do
— 0 5ot — 70V (p -1 — a\D + pp
a0, /d q/dl G 6(pT —2q")0 (p q)D(z,1,7(q ))dﬂq

dQ, = dg+d?q 7(qt) = @l q‘iL

d*o A 5 5 da:l n dxo N
0 0 _ “25(pt —
dﬂpldﬂpg /d qi /d o /d ll /d l2/ :1316]1 )/(; 582 5( 582q2 )

- . d?o
0 (pr — 11 — q1)0P (pa — I — qo) D (21,11, 7(q] ) D (&2, 12, T(q3)) =
dSd,, dS2,

Rohrmoser k; broadening in dijets



Processes In Jets

scattering... ...splitting... ...induced radiation
) /
>
>

Transverse momentum

Bremsstrahlung as

transfer! in vacuum. Momentum distribution:
p—p+kr p— Zp
Scattering Kernel: C (k) +Momentum transfer:
p—zp+kr
Average transfer: § Kernel. K(z, kr)

Our results: combination of scattering and induced radiation processes!
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BDMPS-Z

Fro ~o 2w thr :E
br q" :: -
tbr ~ T fp : One scattering + radiation S S 3
..Bethe-Heitler spectrum S S S ’ g 3
tbr = i fp : coherent radiation S S g 2 & 9

dI L _ b fp

= = /e
de Nastb?” —as w \

Look at range: wpg < w < W,

\need effective kernel: IC(z, k)

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

eneralizes BDMPS-Z approach
Includes transverse momentum broadening

For gluon-jets:

0 1 /! 1 /z x k z d’q
—D(x,k,t) = — — /=D —, — — ) — — —
Dkt = [k | 52D (L50) 06 -0 - D@k + [ G @Dk - a0
Induced Radiation: Scattering:
1—z+22)3
() = L2 Z; Cl@) = wla) - 3la) [ Pq'u(a)
2(1 — 2)]2
gV, \/7 we use: w(q) = 167r204§Ncn
B thr = q*(q® +m?p)



Program: KATIE+MINCAS

» Use KATIE for hard initial collisions:
= PDFs/TMDs for colliding nucleons
= Hard collision cross-section (Monte-Carlo simulation)
" Resulting particles—initial particles of jets

* Jets: by MINCAS

* Monte-Carlo simulation of BDIM equation
*" Time-evolution of jets in medium T .

BDMPS-Z:

MARTINI, JEWEL, QPYTHIA, ...



Medium Model

Bjorken Model:

T(t) = T (t2) 7

T'..temperature at time

Tp...temperature at time ¢,

From Phenomenology (the JET-Collaboration):
~ 3
q(T) = c,T

[JET Collaboration, Burke et al.: Phys. Rev.C90(2014) 014909]
From HTL:

N, N

2 C F 22
— + T
"D (3 6 )g

fixed free resulting

cg 3.7 |to 06 fm/c| (3 0.54 GeV*/fm

cp, 5.228 |t 5 fm/c (n) 0.154 GeV?

To 04 GeV | (mp) 0.684 GeV

Bose-Einstein/Fermi-Dirac Distribution

N

Taylor expansion, lowest order:

_ _ 3
n(T) =ng+ng+ny =c,T
cf.:[K.C.Zapp, PhD-Thesis, Heidelberg U., 2008]

cf. [Laine, Vuorinen: Lect. Notes Phys.925(2016)pp.1-281, 1701.01554]
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Raa(pr) =

Rohrmoser
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<
Rya ly|<2.8
dN a4 T
de -
Raa(pr) = e
(Tan) 2 08—
doaa —
dpr - |
do'pp 06_— +++-‘-____}_‘_[ """""""""""""""""""""""
dpr _-F% )
04— : _
- 0-10% centrality, ys,,=5.02 TeV
B ATLAS-data
02— e PDF: CT14NLO, T =400 MeV
B TMD: CT14NLO-DER, T =400 MeV
01 5DI | | I2|DDI | | I3|ODI | | I4|OOI | | I5|OOI | | I60|DI | | I7E|}OI | | I8|00I | | Ig[-llol | | |

p, [GeV]

Rohrmoser k; broadening in dijets



k. Distribution

—>central limit theorem §0.163—

0 d*q —0.14[-
9 Dz, k1) :/ Clq)D(z. k — q.1) =0
ot (2m)? 012
1 1 I -

+— [ dzK(z) =, 0.1

t* 0 5 B

1 /z xr k o 2 0.08

0.04|

Splittingala p — zp Virtual emissions 0.02|

— perturbations of
different sizes
—>non Gaussian behavior

Rohrmoser

always same distribution for
changes p — p+q

For example:

t=1fm

m—— MC solution: MINCAS

0 NI T
p—z21p—z21p+ qa -0 -8 -6 -4 -2
—z21p + q1 1+ g2

—>22(Zl + q1 +q2) — ...
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Figure: [Kutak, Ptaczek, Straka: Eur.Phys.J. C79 (2019) no.4, 317]

13



Gaussian k; broadening

0 1 /! 1 [z x k z
D _ Bl Ned i o)
= D(r k1 t*/o 42K (2) L2 “p (Z Z,t) bz — )~ —=D(a.k.1)
Integrate over d2k
v
0 1 [t z x z
aD(a:,t) = t_*/o dzK(z) [ ED (;?t) 0(z —x)— %D(m,t)]
v

For comparison with full equation: add k selected from Gaussian!  width: 02 ~ gL

1/




Azimuthal Decorrelations

dN
dAo
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Azimuthal Decorrelations
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Asymmetry A

—gz [nb]
j —
102 — sy—2-02 TeV, forward: pT>30 GeV,2<y<3, central:pT>100 GeV,-1<y<1
- mmee Vacuum
— \‘ --------- medium: Gaussian k; broadening, To =400 MeV

medium: non-Gaussian k; broadening, To =400 MeV
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Ssummary

* MINCAS: jet evolution based on coherent emission and scattering
* Combination with KATIE: allows for calculation of jet-observables
e Results differ from pure Gaussian broadening...

e ...e.g.:in angular correlations of di-jets,

* But p; distributions seem to be invariant (so far)

Outlook

* to account for quarks
* to study more forward processes
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Azimuthal Decorrelations (ratio)
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