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QCD at high energies — high energy factorization
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momentum fractions
of off-shell partons

Monte Carlo generators — aim to describe fully processes Theory .
| | ters — tuninas Gribov, Levin, Ryskin ‘81
n general many parameite u g Ciafaloni, Catani, Hautman '93

My point of view — ME + parton densities in kt factorization Coliins, Ellis '93
Gain: less parameters.

. : Phenomenolo
Physics motivated approach to dense system Jung, Hautmann: Szczurek,
.. Maciuta;, KK, Kotko, van
New helicity based methods for ME Hameren Stasto. ..
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Hybrid factorization and dijets
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Can be obtained from CGC after neglecting nonlinearities

In that limit gluon density is just the dipole gluon density Deak, Jung, KK,Hautmann '09
Deak, Jung,KK, Hautmann' 10
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pl Consistent with definition of gluon density from
X2 / Dominguez, Marquet, Xiao, Yuan '10

s Resummation of logs of = and

./ ke Xl\ logs of hard scale

p2
P2 \ s Knowing well parton densities at large
2 one can get information about low z
physics

sGluon density we use includes
corrections of higher orders



Collinear vs. off-shell ME
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Forward-central decorelations inclusive scenario

FOMS PAS FS0-12-

T T
kS lirsaar

S moendinssar

DO p—l—]

Ve = 7.0 Taw

0 o, By =35 ey

|va]| =28, 3. 2<|ya|<=4.9

1.6

1.2
1o H | =
0.8

0.6
0.4 r
0.2

{

s 'ISTAFlldlatal |

14| Py > 2.5 GeV > pp > 1.5 GeV
Vs = 200 GeV

(B

; o §]

0.0

1.0 1.5 2.0

2.5 3.0

Ao

A.v.Hameren, P.Kotko, KK, S.Sapeta '14

ptl,pt2 >35, leading jets
ly1|<2.8, 3.2<|y2|<4.7

No further requirement on
jets

In pure DGLAP approach
L.e 2 -2 + pdf one would
get delta function at Agb =T
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Results for decorelations forward-forward dijets
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CCFM evolution equation - evolution with observer

Catani,Ciafaloni, Fiorani, Marchesini '88

Constraint  [i <] L given by the scale
L~ ptl+pt2 of the hard process

the the dominant contribution to the amplitude

6 y3,k3,13 There is a region where emitted gluons are soft
/ comes from the angular ordered region.

(

y2,k2,12

The same structure for x = 0 although the softest
emitted gluons are harder than internal.

_— yi1ki,hh

O Probability of finding no
real gluon between hard
emissions



Introducing hard scale dependence

Nonlinear extension of provides hard scale
CCFM not applied so far
to phenomenology
_ O Probability of finding no
Include the effect in real gluon between scales

the last step of evolution /




Introducing hard scale dependence

Probability of findina no real gluon

Between scales |I and k
it hard scale
Survival probability D
of the gap without K
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Saturation scale in equation with coherence
forward-forward jets

Kutak '14

M| Nno scale
25k /
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Low kt gluons are suppressed. The conservation of probability
leads to change of shape of gluon density which depends on the hard scale
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Decorelations inclusive scenario
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In pure DGLAP approach
l.e 2 -2 + pdf one would
get delta function at

Ap=m

Sudakov effects by reweighing
implemented in LxJet Monte Carlo
P. Kotko

Studied also context of RHIC
Albacete, Marquet '10
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Decorelations inside jet tag

I I
K5 lirsear
KS nondinear
F M5 PAS FR0-12-00E =

[ VS =70 Tav
By o By =35 AV, P20 Gy
[ vol =28, 32<|ys|=4.8, yimyasva |

i1

T T T T T
I CEar B
CME PAS FEO-12-00E e

F WS = 70 Tay -

F RPo P35 GEV, Pur20 Ge
L |yl =28, 32y =d B, vy =y

==
=s2SiS ;

-

dojiup [pb)

da/Ag [pb]

scenario

1a+08 . . , : -
KES lincar + Sudakow
KS manlinaar + Sudakow
M5 PAS F5Q- 12-008 b
1e+07 | i
[ V5 = 7.0 Tev
B s P35 GV, Pu=20 GeV
[ |yvil <28, 3.2<|yv2|<4.5, yirvazya |
1e+06 | ¥ YiryRy:
100000 |- T .
10000 _—} ‘} } i
1000 -
0 05 1 15 2 25 3
Lup )
le+OE [ . , , :
[ KMR
CMS PAS FSQ-12-008 i
1e+07 | v5 = 7.0 Tev
F P 235 GEV, P20 Gel
L [yl =28, 32<|y;| =48 yo=va=ys
le+D6 | |
100000 |- i
10000 [ l—'#q:I
1 N L 1 1 1 1

A.v.Hameren, P.Kotko, KK, S.Sapeta '14

ptl, pt2 >35 GeV, leading
jets |y1|<2.8, 3.2<|y2|<4.7
Third jet pt>20GeV,
Between the forward and
central region

1Sudakov effects by reweighting
limplemented in LxJet Monte Carlo
1P. Kotko
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Predictions for p-Pb for forward-central

A.v.Hameren, P.Kotko, KK, S.Sapeta '14
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*Sudakov enhances saturation effects

*However, saturation effects are rather weak for forward-central jets
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Predictions for p-Pb for forward-forward

Kutak '14
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*The hard scale effects make the potential signatures of saturation more pronounced.

*“Pb” affected more by saturation than “p” therefore we see more significant effect.
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Production of Z0 + jet

PB
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Less final state rescatterings as compared to dijet system
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Decorelations in Z0 + jet
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Simulated within LxJet by Kotko
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Pt and rapidity spectra of Z
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Worse results for jet as compared to Z.
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Might be due to not taking into account in our description FSI
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Conclusions and outlook

*Achieved good description of forward-central jet measurement
within approach based on linear evolution equations

*Predictions for forward-forward dijets pPb are provided

*Explicit evidence for need for hard scale dependence on top of
low x equations

«Satisfactory description of shape in decorelations of Z and jet
«Satisfactory description of pt spectra of Z

Open questions
*MPI in Z + jet

*FSlin Z + jet
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