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Introduction

Minijets in Pythia

e The rise of the total cross section with energy in hadron-hadron collision is
due to minijets; in collinear factorization

dozje = Z P &a A& ap—cd (XA, XB;IJZ) fasa (XA;,HZ) fo/B (XB; /12)
a,b,c.d Xa  XB

e doy is divergent for pr — 0

dozjer N s (P?)
doz Py

e phenomenological regularization
[T. Sjostrand, M. van Zijl, Phys.Rev.D 36 (1987) 2019]

doy s (PF + P, (9))
dE (2 4 2, (s))

with pro (s) = pro (s/50)".



Introduction

Goal: calculate pro(s) from some simple approach

e the pro (S) regularization takes the collinear factorization out of the leading
power approximation

e idea: use frameworks that have power corrections by including transverse
momenta of incoming partons: High Energy (or kr) Factorization (HEF) (or
Color Glass Condensate, but saturation is not essential here)
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Plan

@ High Energy Factorization

@® Non-leading-power extension of DDT (Diakonov-Dokshitzer-Troyan) formula
for dijet in pp

@ Direct study of minijet suppression
@ Hard dijet observable sensitive to pro (s) cutoff
@ Summary



High Energy Factorization (HEF)

Gluon prOdUCtlon n HEF [S. Catani, M. Ciafaloni, F. Hautmann, Nucl.Phys. B366 (1991) 135-188]
[J.C. Collins, R.K. Ellis, Nucl.Phys. B360 (1991) 3-30]

doagogg = Fgeia (Xa, Krai i) ® dGgrggq (Xa, Xg, KT A, KrB1 1) ® Fory (Xa, KT83 1)
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[E. Antonov, L. Lipatov, E. Kuraey, |. Cherednikov, Nucl.Phys. B721 (2005) 111-135]

[PK. JHEP 1407 (2014) 128]
Fg i1 (X, kr ;1) — Unintegrated Gluon Distribution (UGD)
d& g+g+gg — hard process with off-shell gauge invariant amplitude
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[E. Antonov, L. Lipatov, E. Kuraey, |. Cherednikov, Nucl.Phys. B721 (2005) 111-135]

[PK. JHEP 1407 (2014) 128]
Fa /1 (Xu, kr 1 1) — Unintegrated Gluon Distribution (UGD)
d& g+g+gg — hard process with off-shell gauge invariant amplitude
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! o PR dp2d.
doaggg = T fdszAdszBf Z1dz; sz222 f o7 2¢ :
(z1 + 22) [21 (ﬁT - KT) + zzpi]

Foin (20 + 2o, kin ) T L(* -R)2+L 2 k Wz
/A \Z1 2, K1a) T g+ /B %S pPr T z1SpT’ B

- -
(21 , 22, K1a, kTB)
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Unintegrated Gluon Distributions (UGDs)

° Kimber-Martin-RySkin (KM R) [M. Kimber, A. D. Martin, and M. Ryskin, Phys.Rev. D63, 114027 (2001)]

0
Form (X, kropt) = = [fg/n (X, k1) Ty (K7, p1)]
oKz

Ty (K%,;F) — the Sudakov form factor



Unintegrated Gluon Distributions (UGDs)

° Kimber-Martin-RySkin (KMR) [M. Kimber, A. D. Martin, and M. Ryskin, Phys.Rev. D63, 114027 (2001)]

Forrn (X, Krop) = [f i (X, kr) Tg (K, )]
T
Ty (K%,;F) — the Sudakov form factor
e Kwiecinski-Martin-Stasto (KMS) 1. kwiecinski, Alan D. Martin, AM. Stasto, Phys.Rev. D56 (1997) 3991-4008]
BFKL + DGLAP corrections + kinematic constraint + running as

2
7 (2.68)0(F - 8- K7 (2) ey (x.00)

ach dz T
F(x, k ﬁ X, k f f +
( T) T K2, a7 |oF - 3| \J49% + ki
1
s 2N, 5 X 5
+ 2k fx dz {(ng (2)- )f,:z 77‘-( CIT) +2Pgq (2) T (E’ kT)

To

Fitted to HERA data. . kutak s. sapeta, Phys. Rev. D 86 (2012) 094043]
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Forrn (X, Krop) = [f i (X, kr) Tg (K, )]
T
Ty (K%,;F) — the Sudakov form factor
e Kwiecinski-Martin-Stasto (KMS) 1. kwiecinski, Alan D. Martin, AM. Stasto, Phys.Rev. D56 (1997) 3991-4008]
BFKL + DGLAP corrections + kinematic constraint + running as

2
7 (2.68)0(F - 8- K7 (2) ey (x.00)

N dz
F (%, k2) = Fo (x. k&) + “5°f f day +
K2y G |7 - k5| \J49% + ki
1
s 2N, 5 X 5
+27rk$ fx dz {(ng (2)- )fk; 77‘-( CIT)+ngq (Z)Z(E’kT)

To

Fitted to HERA data. i« kutak s. sapeta, Phys. Rev. D 86 (2012) 094043]

e CCFM



Non-leading-power extension of DDT

Dokshitzer-Diakonov-Troyan (DDT) formula (leading power)

[Y. Dokshitzer,D. Dyakonov, S. Troyan, Phys.Rep. 58 (1980) 269-395]

s V1 (o 1) o (1 09) T3 (.0

do; dxa dx
jet f_A Z'B do—gg—>gg (XA,XB u )

dk?2

Ty (K%,;ﬁ) — the Sudakov form factor. DDT applies when uy < Kt < .



Non-leading-power extension of DDT

Dokshitzer-Diakonov-Troyan (DDT) formula (leading power)
[Y. Dokshitzer,D. Dyakonov, S. Troyan, Phys.Rep. 58 (1980) 269-395]

A e f% s d6 4900 (xA,xB i )616@ {fg/A (XA; K%) foi8 (XB? K$) T (K$’”2)}
T

dk?2

Ty (K2 )—the Sudakov form factor. DDT applies when py < Ky < .

Improved DDT (IDDT) formula (beyond leading power) (p«. a. stasto, M. Strikman, arxiv:1608.00523]

(DpT) _ , (IS) (FS)
d 2jet = do 2_]51 + do 2Jet

dobe) =2 a (xa. Kr. 1) ® 00 geggg (Xa. Xa. Kr) ® fyys (x5, K2) ® T2 (KZ.412)
dos) = 2fga (Xa: K2) ® dbrggggr (Xar X5, K7) ® fyy5 (X1 K2) © T4 (K2.11%) ® T2 (K2.442)
where T (K2, 42) = 9T, (K2, 1) /0K2. There is a restriction Kr < 1.



Direct study of minijet suppression

Inclusive dijets with Pythia: anti-kr with R = 0.5, rapidity [-4, 4]
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Direct study of minijet suppression

Inclusive dijets with HEF and IDDT

le+20 T T T T
L HEF (KMR) |
Inclusive dijets pt > 2 GeV IDDT --eee-
le+18 g LO Collinear Factorization = = =
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Direct study of minijet suppression

Inclusive dijets with HEF and IDDT

do/dpr; [nb/GeV]
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Direct study of minijet suppression

Inclusive dijets with Pythia 'hard’

le+22 T T T T T
L . . pythia PS (hard QCD) =+=----- |
Inclusive dijets pr > 2 GeV pythia PS+MPI (hard QCD) ——
le+20 LO Collinear Factorization = = = |
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— le+16 - bl
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S let1d - 3
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£
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g F i
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Direct study of minijet suppression

Inclusive dijets with Pythia 'hard’
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Direct study of minijet suppression

Summary:

e HEF/IDDT do not produce significant small pr suppression, despite the
internal gluon kr

e The suppression is very similar to the one produced by Pythia with the *hard
events (this is actually quite intuitive)

e For larger pr the enhancement in HEF (but not IDDT) with respect to
collinear result is very similar to Pythia with MPls

= MPIs are power corrections which are present in HEF (where this
enhancement comes from Kr > py), where pr = (pr1 + pr2)/2
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e The suppression is very similar to the one produced by Pythia with the *hard’
events (this is actually quite intuitive)

e For larger pr the enhancement in HEF (but not IDDT) with respect to
collinear result is very similar to Pythia with MPls

= MPIs are power corrections which are present in HEF (where this
enhancement comes from Kr > py), where pr = (pr1 + pr2)/2

Idea: study sensitivity to large dijet imbalance to look for MPI effects

e define 7 = Ky/p; and simply consider do/dt
e pr of dijets > 25 GeV (to be within the hard regime)
¢ study an impact of MPIs (by playing with pro (s))



Indirect study of minijet suppression

(1/07) do/dt in Pythia
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Indirect study of minijet suppression

(1/07) do/dt in Pythia
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Indirect study of minijet suppression

(1/07) do/dt in Pythia
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Indirect study of minijet suppression

(1/07) do/dt in Pythia
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Indirect study of minijet suppression

Bimodality coefficient for Pythia

2
1 )
=Y + , where y= M—i K= ”—i with i, central moments
o ag

b
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Bimodality coefficient for Pythia
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Indirect study of minijet suppression

(1/0) do/dt in HEF
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Indirect study of minijet suppression
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Indirect study of minijet suppression

(1/0) do/dt in HEF
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Indirect study of minijet suppression
Bimodality coefficient for HEF
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Conclusions

e The 7 distribution is sensitive to MPls

e The suppression of MPIs can be characterized by the bimodality coefficient
which reflects the behavior of the prq cutoff

e HEF contains power corrections mimicking MPls

e The energy dependence of the minijet pr cutoff is related to the small x
evolution of unintegrated gluon distribution
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