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Outline

DPS
Ocff

1. Double Parton Scattering (DPS) : the quantity of interest is
2. Factorization model and geometrical description overlap in
b-space 2> b-distribution of partons O-NPS o T(b)
eff
3. The eikonal minijet model with soft gluon resummation BN model (Bloch Nordsieck model)
— Minijets
— Parton impact parameter from soft gluon resummation => an ansatz for k, ~ 0

*  Comparison with data and calculation of the effective cross-section from

— overlap in b-space from BN model

— Inelastic SND cross-section



ATLAS DPS compilation Phys. Lett. B790, 595 (2019)
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Interest in DPS soon after jets were
measured at SpbarpS

 Paver and Treleani 1982-1986 ...double “jets” from disconnected scattering

< XK

a) b)

* For jets: “High” p, >4 GeV at ISR -> 100 GeV at LHC
e ...How to predict/calculate multiple interactions ?
- info on inner structure beyond PDF ?



Double parton scattering (DPS)

pp = {A} +1{B} + X

Experimentally, for instance in case of pp — J/\Ij J/\Ij - X

dOJ/\If dO'2J/\Ij

VS

dpdn dpi1dpi2dnine

A B
Ak ng]éagpg

Of theoretical or modeling interest 2:3 :z

1 o = —
# 2 DPS 2 O'eff



NPS(n disconnected parton scattering )

O.SPS O.SPS O.SPS
O_NPS L |: m hiho—a1~” hihs—ag """ hiho—an, :|
h1h2—>a1,a2,...ann F(TL"‘ 1) O_(;L;%\)TPS
e )

Rather general '

Not so general = under hypothesis of factorization of parallel and transverse momenta,
the quantity of interest can be approximated in T (b)

terms of the normalized parton distribution
inside a hadron in impact parameter space [for reviews M. Diehl, D. D’Enterria 2017]

/ (d*b)T'(b) = 1;

»n) = /(de)T”(b);
NPS _ 13(m)1=1/(n-1)

O'é\}l;s ey T'(b)



DPS(2 disconnected parton scattering )

DPS _ 21 2 —1  not so general, but useful for
O-effective — [/d b T (b)]

modeling T(b)

* T(b): a phenomenological choice (MCs) [ b’Enterria&snigirev 2017]
_(bym  m=1 exponential [y
T(b) = N(m, Tp)e p g;ZeS?a?l;ssmn depepndent?
* T(b): modelling through resummation
o—h(b,s)
[ d2b e—h(b,s)
—h(b,s)]2
oresm - 2#}{?25196?%((@8))]

T(b) = Aresum(b,s) =

<-- DISCUSSED HERE




The Bloch-Nordsieck (BN) inspired model for the total cross-section provides
an energy dependent b-distribution
with A. Grau, R.M. Godbole and Y.N.Srivastava (PRD 1999, 2004)

Perturbative QCD
- 1/x gluons =2 rise with energy

w
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;

’

'

Soft gluon resummation into the
infrared
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+ !
=~ Tame the rise

Eikonalize = unitarity

— And resummation of multiple
scattering
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Eikonal mini-jet model for the
total cross-section = b-dependence

ﬁcoll(s) — 2XI — A(b,s;p, PDFaptmin)Omini—jet(S;ptminaPDF)

A.Grau,G.P.)Y.N.Srivastava

Utotal — 2 dell — e_XI(b’S)] PRD 60 (1999)

e The eikonal function ~ real with scale fixed at low energy through
form factor and a constant term

* Therise is from pQCD > minijets with actual PDFs

* The taming (Froissart bound) of minijet rise is from
all order resummation of soft gluons accompanying
mini-jet producing collisions + eikonalization
* scale fixed at low energy through form factor and a constant trm



PDF driven eikonal-minijet-model:
Minijets vs total cross-section
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Ot 1IN the BN model vs. Ojet

...... MRST, p;;,=1.25 GeV, p=0.62

pp accelerator data
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pp cosmic ray data
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O ATLAS
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Ll R | R |
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- pQCD can be applied

V5~ 20+ 30 GeV



We model the impact parameter distribution for partons =2 minijets
as the Fourier-transform of initial state soft gluon k; distribution
[ and thus obtain a cut-off at large distances = Froissart bound]

Apn(b,s) =N / K e KLb

16 dmax dk
—/0 taeff(ktﬂ (

h(b7 Qmax) —

1. | ANSATZ

37

"4

Ozeff(kt — 0) ~ k‘

2. qmax(\/gjptm’b’rw PDF)
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e_h(b,Qma,a:)

20maz
Ky

— fd2b e_h(baqmaw)

)L — Jo(bk¢)]

G ¥h<p<l

6)

Calculated from single
gluon emission kinematics

LFCIS ECT AcCorsettipAnGral; ‘G.P., Y.N. Srivastava PLB 1996



Semi-classical derivation for
resummation (B. Touschek 1967)

°P(Ky) =) P{{mc)d°K.0*(Ki — Y kenye) =
Nk k

n _
E Hk[ :i' €_nkd2Kt52<Kt — E k{flk)
' k

Nk

Exchange Sum with Product 2>

d°K; 21, —iK;b _ ik;-b
(om)? d“be "t Pexrp{— an[l — e"™t"P]}
k

d>P(K,) =

d2Kt 21 —iK:-b 3— tk¢-b
o Continuum limit 2> (27_‘_)2 d”be ’ exp{_ d nk[l —er ]}




We model the impact parameter distribution for partons
—>minijets as the Fourier-transform of ISR soft k, distribution
and thus obtain a cut-off at large distances =2 Froissart bound

J s=cm Energy hadrons AB
3 parton in hadron

—(bA)?P
i ) " q ( ) ~ e (bA)
§ A = f(mass Agen, )
* “h<p<l
L [ o s Sz fl dz fi(z1) fi(z2)/Z1Z2(1 — 2)
Qmalx(‘g;pzmm) - \/j . 1
2 YIS L, defilzn) fi(2)

t.]

Calculated from single gluon emission kinematics and averaged over densities (PRD 1999)
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Energy dependence of g, vs for
different PDFs and and p,,,..

35 |

QrnaxlGEV)

25 |

Q.2 fOr hard processes
for different LO densities

Pimin=1-2 GeV
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3

16 dmax dk
h(ba Qmax) = / :
0

Regularized exponentiated soft
gluon spectrum

- Semiclassical Resummation
procedure based on soft gluon
Poisson distributions a’ la Bloch
and Nordsieck+ energy
Momentum conservation

- Needs integrable “effective”
guark-gluon coupling constant

Nakamura, GP, Srivastava 1984

127 D

ki

ey s (k) 111(2%% )1 = Jo(bk)]

ki

eIl = 33— 2N, logll + p(k./Agcp)?]

£

£
R
£

Implemented for impact parameter
Distribution of partons

Corsetti, Grau,GP,Srivastava,PLB 1996
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A{blqmax(SIPDFlptmin); p}
(resumming soft gluons) energy dependent

> I Vs=0.5, 1.8, 8 and 14 TeV
(O] LIRS
510 =N _ p,.. =1.2 GeV, p=0.69 (GRV) * Atlarge Vs resummed soft
< | O\ - P =1.3 GeV, p=0.66 (MSTW) gluons have stronger b-fall-off
. for large b than FF
-2
10 |
[ * Different PDFs and p;in->
d N, AP different A(b)
10 |
—  A(b) depends on sigularity
0 ] parameter p




Calculate Energy dependence of
Omax (fOr b-distribution) and sigma, iyt
for different LO PDF = eikonal function = total x-section

s )
() - £
% a5 [ Qmax fOr hard processes = 104 O, forvarious LO densities inpp -
o for different LO densities » /
3 -
[ 10 3}
2.5 ptmin=1'2 GeV [
2t 10 i
1.5 - 10 +
: - GRV98 1Lk
0.5 | — GRV ;
T o MRST72 j
oL PP B R 10
1 10 10° 10°  10° 1
Vs (GeV)

Phys.Rev. D91 (2015) no.11, 114011
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pp Total, elastic and inelastic cross-sections =2 13 TeV updated
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Energy dependence of
Oef fective

Oef fective — Ugi?um_BN(S) — O-g;‘igfum_BN(Qmaa:(S))

IF Qmaw(s) =< Qmaaz(sa L1, 372) > densities T \/g

Rl shhos daa (6 3
6—h(b,s) s \/g
Oeff 4 V9 dumm—m

O_Double disconnected scatte'm'ngl \/g
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ATLAS DPS compilation Phys. Lett. B790, 595 (2019

Experiment (energy, final state, year)

—
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s el b gy Lid

9/10/19

0 5 10 15 20 25 30

o, [mb]

LFC19 ECT* Trento 9-13 September 2019

20



4 jets

Double
Quarkonia

3 jets
with
photon

9/10/19

1. Identify clear sets of data
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pp — to4jets

AFS 1986
UA2 1991
CDF 1993
ATLAS 2016

3

<

s DO 3jets +y 2013
= CDF 3 jet +y 1997

lower limit

Double Quarkonial

© DOJwY
A DO J I
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O LHCb JW¥ JNF¥
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;

|

SpbarpS 103 Tevatron LHC 104
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2. Superimpose b-model from

Agy(b.s) MRST pp — to 4 jets Double Quarkoniaj
2 Aan(®.9) METW AFS 1986 DO J/w

- o] ¢

e Agy(b.s) GRV Y

~ * UA2 1991 A DO JN U

® CDF 1993 O ATLAS JA¥ JNH
;_ v ATLAS 2016 O LHCb JW& JNF
- 4 DO 3jets +y2013 — CMSYY

- = CDF 3 jet +y 1997

- ¥

[ L T, ! -

C [ oo PSS, | N L

:_ R A ARREREREEbES
. lower limit T il et

: 1 1 1 1 I 1 1 1 1 1 1 11 I ¥ 1 1 1 1 1 11 l 1

ISR 102 Spbarp$S 4 03 Tevatron LHC104

Vs (GeV)

Non trivial result:
Scale in

general
agreement

with most data

~ 15 mb
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DPS

0.7 (s) inthe T(b) model for
vs pp =2 4 jet, 2 quarkonium data, or 1 gamma + 3jets

Data

* 4 jets or quarkonia = all rise with
energy [all gluon gluon]

— Different scale between 4 jets or
quarkonia

 3jet+gamma seem to decrease [but
valence quarks enter]

—> Situation is confused ?

Model

Our model with GRV & MSTW :
decrease with energy - constant

MRST better -> rising?

Still a different possibility —an old
one

— Paver&Treleani : total cross-section

— AFS - 13 mb with some “fudge factor”
2?7
2 giner/2.32

—> The inelastic cross-section ?



Comparison of two models with data

50
O4(Mb) [ Agy(b.s) MRST pp — to4jets Double Quarkonial
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3 v ATLAS 2016 o LHCb JAw Jw
30 F 4 DO 3jets +y2013 - CMSYY
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25
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15 PR ¥
OF e —— o
5L lower limit i S
0 C 1 1 1 1 I 1 1 1 1 1 1 11 I 1 1 1 1 1 1 1 I
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9/10/19 LFC19 ECT* Trento 9-13 September 2019



Conclusion

Data need to be compared with similar final states to check energy behaviour of
sigma effective

A model with b-dependence related to energy dependent soft gluon resummation
gives good estimate for scale

but is not conclusive, the energy trend may depend on PDFs

Data for gg initiated processes appear to indicate a rising effective cross-section
> but different scale

Interdependence with mini-jet production as in the inelastic non single diffractive
cross-section describes better the energy trend of pp> gggg =2 4 jets or
Quarkonia

Need to understand the “fudge factor”, but inelastic cross-section model may allow
better extrapolation to higher energies s



To check the factorization hypothesis

 Model for T(b) from resummation?

* Compare wih extensive set of DPS from 63
GeV to 13 TeV is available

* |s there a different way to see the energy
trends? [answer is yes]



The BN inspired model for
RESUMMING SOFT GLUONS T, @ T 3 g

\
)
/

)

* Based on a democratic
pathway to sum soft
guanta — semiclassical

approach with the ansatz :
Qeff(k ~ 0) ~ kP
¥h<p<1

Only minijets
9 Otot 5 (111 S)l/p p. >1GeV

\/ resummed
Grau, Godbole,GP,Srivastava, Phys.Lett. B682 (2009) soft gluons kt <A



=

The full eikonal in impact parameter space
includes also a “soft” component

ﬁ(b, S) — ﬁsoft(by S) + ﬁmini—jets(ba S) —
— AFF(ba S)Usoft(s) + ABN(ba S)Omini—jets(s)

F-transform of the proton form factor

V2

App(b) = —(Vb)3K3(Vb) v =0.71 GeV?
967

- Osoft(s) = constant or slowly  decreasing

A(b7 S, P, PDF) pmzn) = ABN(b7 S)

BN from resummation of soft gluons = into k, =0 ( Bloch & Nordsieck inspired)



A(b,s) 20 _«(s)

L AFF(b)Osoft(S) + ABN(ba S)Umini—jets(s)

Amean ba —
( S) Usoft(s) + Umini—jets(s)

50

1 I — Amean(b,S):n(b,S)/ (osoﬂ+ojet) Oe«(’l‘g) : proton form factor type distribution

01-\

®
310 _
o 40 |
<

35 |

2 30 :— average between FF and semi-hard

10
25
20 —

10 15 |

GRYV densities 10 '

semi-hard perturbative partons

_4-
10 ot

~E

3
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Oef f (S) Averaging over both semi-hard
(from resummation) and non-perturbative partons

Amean (ba S) —

AFF(b)Usoft(S) + ABN(b7 S)O-mini—jets(s)

e Vs=10GeV T(b) is dominated by
Form Factor type partons

e Vs=10TeV T(b,s) is dominated by
partons which engage with other
partons from the other proton

oo iy ~ 10mb  atvs=13 TeV

=~ lower than Strickman,
=~ D’Enterria,
within experimental limit

50 r
O _(mb) [™
45 |

Osoft (S) + Omini—jets (S)

30 |
o5 |
20 |
15 [

10 F

~ proton form factor_ﬂlpe distribution

average between FF and semi-hard
\
experiments

semi-hard perturbative partons




Similar procedure leads to K,
resummation in QCD but...

4 (@

- In(Q?/k=
h(PP) (b, S) — ﬁ de_L[l . esz-b]aS(ki) (Q 2/ J_)
70 M2 k.J_

G.Parisi R.Petronzio 1979
With Asymptotic Freedom

Our Proposal (ZPC 1984)

M? — 0
For integrability
A And rising potential:
&strong(kt < A) — &eff(kt) — [_]Zp 1/2<p <1



Total hadronic cross-sections

post-LHC update ~ [before 13 TeV data]
from R.M. Godbole, A. Grau, G. Pancheri, Y.N. Srivastava, Eur.Phys.J. C63 (2009) 69-85

A
—~ 200
-g i BN-model (MRST-LO,p=0.62,p, . =1.25 GeV; GRV,p=0.69,p, . =1.2 GeV)
= e BN-model (MSTWO08-LO, p=0.66, p,,=1.3 GeV)
v 180 -
O Photoproduction data before HERA o Telescope
i P v proton multiplied by 330 + Array P
160 - ® ZEUS 96 o 5
- A Hi94 y v multiplied by (330)
* .
140 - Vereshkov 03 y p
L3 yy 189, 192-202 GeV RV 4
OPAL y y 189 GeV //

120 |

TPCyy
* DESY 84vyy
DESY 86y y

100 Pre-LHC pp uncertainties

80 |

® ATLAS
e TOTEM
pp accelerator data

pp e A pp accelerator data
Only up to 210 GeV pp cosmic ray data

. for gamma p or less for . Lo

4 5
gamma gamma 10 10
Vs (GeV)
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pp Total, elastic and inelastic cross-sections 2 13 TeV
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