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Introduction

* Associated productions probe double parton scattering (DPS), to understand
multiple gluon PDF

p
SPS J /1

Example diagrams for SPS
and DPS production of 2 J /Y

J/

. . 12 m Jincainc
e Theoretical formulation for DPS: 5. = — 1 —2
DPS — 3 gor

» m = 1 if particles 1 and 2 are identical, otherwise m = 2
» O.¢ non perturbative, related to size of interaction region, ~rpz ~ 10mb

» Oq¢ supposed to be process and energy independent
» Production of particle 1 and 2 are independent

It assumes factorization of multiple parton PDF, breaks down at large x
* SPS/inclusive calculations using QCD-based models: CSM, NRQCD, FONLL ...
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Experiments

 DPS identification

» Separation of DPS and SPS relies on inputs of templates for discriminant variables
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Experimental status

* Extraction of DPS/SPS yields from templates

» DPS: random combination of inclusive productions for processes 1 and 2
» SPS: theoretical predictions or data driven methods

* A variety of measurements by Tevetron, LHC and others
» Jetstjets, y+ jets by AFS, UA2, DO, CDF, ATLAS, CMS
» W /Z+charm/quarkonium by ATLAS, LHCb

» Quarkonium pair by CMS, ATALAS, LHCb D0
» Charm hadron pair by LHCb

,0c; X 0y
L Reyo, = o
* Oeff determination 0C1Cy
» Multiple jets production : 12 — 20 mb 303 H:H
» Double quarkonia production (GPD): 2 — 8 mb DDy .
DD+ H—e—
» ] /Y + charm hadron (LHCb): = 15 mb D+D? e
> Double charm hadron (LHCb): > 20 mb DA e
» Z + D production (LHCb): = 20 mb Cgp . |
D |
S JDY e}
LHCb and results using jets: JWAL
Smaller associated production than DPS predication BN SR EIERE
0 ¢¢ NOt universal, factorization not all correct l i b

: . Re,c, [mb]
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Recent LHCb measurements

» Y + D associated production [JHEP 07 (2016) 052]
» | /Y pair production [JHEP 06 (2017) 047]
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JHEP 07 (2016) 052

Y + D associated production

 Full Runl data: 1 fb'@7TeV +2 fbl@8TeV
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Y + D associated production

JHEP 07 (2016) 052

. K1nematlc dlstr1but10ns similar to those of inclusive productlons
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Y + D associated production

* Ag distribution

JHEP 07 (2016) 052

» SPS predicts enhancement at A¢p = m, but enhancement smeared out in k or at NLO
» Flat Ag distribution prefers DPS contribution, even dominating?
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Y + D associated production

e ~10% of Y production in LHCb acceptance has a D associated

T(18)D° o.T(lS)Do
R\/§:7TeV - W = (63 + 0.8 (stat) +0.2 (SySt)) %
Vs=T7TeV
T(1S)D+
T(1S)D* o
R =~ — (3.4 0.8 (stat) & 0.2 (syst)) %
V/s=T7TeV
T(18)D°
T(1S)DO Y
R = s — (7.8 4 0.9 (stat) % 0.3 (syst)) %
V/s=8TeV
T(1S)D+
T(1S)Dt o
Rt = s — (2.5 + 0.5 (stat) £ 0.1 (syst)) %
Ve=8TeV inc _inc

12 Moy 03

* Neglecting SPS contribution gives (a lower limit) Ogg = 5 o
Asso

Oettly(15)p0 = 19-4 £ 2.6 (stat) & 1.3 (syst) mb
Ocft |y (19)p+ = 19.2 £ 3.6 (stat) £ 1.5 (syst) mb

Oeff|y(15)po = 17.2 = 1.9 (stat) & 1.2 (syst) mb

Ocff |y (19)D+ = 22.3 £ 4.4 (stat) £ 2.2 (syst) mb

Combination: Oeff|y(1g)po,+ = 18.0 £ 1.3 (stat) £ 1.2 (syst) = 18.0 = 1.8 mb

Consistent with LHCb double charm results
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JHEP 06 (2017) 047

Double prompt J /1 production

 Run Il dataat 13 TeV, = 280 pb'!

» Signal yields ~ 1000 2<y<45,pr <10 GeV
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a(JhpJhp) =15.2 £ 1.0 (stat) + 0.9 (syst) nb
Compared to inclusive cross-section of g(]/zp) — 14.94 4+ 0.02 (Stat) :I: 0.91 (Syst) ub

LA C/D S (stat) & 1.0 (syst) mb

el = S (I )
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JHEP 06 (2017) 047

Double prompt J /1 production

¢ ] / l/J pair pr distribution DPS obtained from inclusive production with o = 14.5 mb
7 — —
o= DPS
= 5 6 SPS: LO kt
— e SPS: NLO* CS/

- NLO* CS,(,kT>:O.5 GeV/c
: NLO* CS/(/kT>:2 GeV/e

: LO COppy=0.5Gevye

1 LO COppy=2Gevye

NLO CS
LHCb 13 TeV

do(Jb Jfp)
dpr(JAp Jfp)

IlIIIIllIIllllllllllllllllllllllll

pr(JfpJfp)  [GeV/d]

Large variations of SPS calculations in theoretical predictions due to parameters:
both shapes and absolute scales
Data prefer large < k, >
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Double prompt J /1 production

* Two J /1 correlation variables DPS obtained from inclusive production with g = 14.5 mb
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In general both DPS and SPS are needed to describe data
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Double prompt J /1 production

* Data driven method to obtain DPS fraction, templates fit
» DPS: shape obtained from random combination of inclusive productions

» SPS: using theoretical calculations, varying parameters

JHEP 06 (2017) 047

Variable  LOCS  LOkr NLO'CS' , . _, Ge\%o <gTS> _ osaave NLOCS
no pr(JAp Jp) cut
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Always large DPS contributions; measured g, = 10 — 12.5 mb

» O larger than those determined by other experiments
» Oq¢ smaller than LHCbY + D and double charm results
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Prospects

40 Y(1S)+iy = 32.6+8.9 40 Ndive significances: V2Alog@
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35 138)+J/wy= 0 £5.8 35 =

30— i ‘ 30

25 Y(1S) +J/¢Y ~ 40

Y(25) +] /¢ ~ 30 Evidence of Y + J /¢ in

20 ] : Run I data
I5- | h I5- And now new data!
oM | % 10- +
y '/ \f\ p r
gl RIWNE | O VY
0: - J‘-ﬂr//J \\‘\L L /v/|\\11;.:LL L Jl [ 1 ;tli‘—i+
9 95 10 105 11 3 3.05 31 3.5 32
m(pp) [GeV/c?] m(utp)  [GeV/e?]

» Could we measure other combinations, for example [/ + 1., /¥ + x. ..
No problem of trigger for then at LHCb

» Very interesting to see DPS in heavy ion collisions, expected to enhanced
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Summary

Associated production is hot to study QCD C

< . . . . 12 m 0-1 0-2

DPS production mechanism: factorization assumption Oppg = T
eff

Various results for associated production, g.¢r close but not universal
» Results from jets and LHCD different from quarkonia at GPD
» Factorization breaks down?

LHCDb measurement of Y + D suggests large contribution of DPS, but still less than
expected (or much larger o.¢f)

LHCb double J /1) measurement also requires strong contribution of DPS, a
moderate o.¢ Obtained by SPS+DPS fit

Looking forward to new measurements

Thank you
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Y+ D

e Multiple PV background reduction
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Y+ D

» Kinematic distributions of pairs

U'O.25_I\ll L U'O.25_Il\ly T T T
o~ L o~ L
E ) LHCD N ) LHCD
=, 02 T@AS)D® | = 0 T(1S)Dt *
e 0.15F e 0.15F .
A | A |
—| b o —lb L
0.1} 0.1 .
0.05} 0.0}
0 ) 0 .l\.\ly..lf%\..%_lﬁl
0 0 5 10 15
T(1S)D° T(1S)D+
PT( : [GeV/c] pT( ) [GeV/c]
—  Odpr Ty 04 ———— .
ig 035 ) LHCb = ig 0.35F d) LHCb =
03 T(1S)D° = 0.3 T(1S)D*t -
%'g: 025:_ = '%|"g: 025:_
—lb . E E —| b . E
02} = 02}
0.152 — 0.152
0.1 = 0.1
0.0sF 3 0.05F
0_ P Rl el A Sty ety s M P S i e A Wt et i AU R i 0_ I
2 25 3 35 4 45 2
yT(ls)DO
16/06/2017 U

VY v o

18



Y+ D

* Kinematic dist
0.25

ributions of pairs
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Double J /1
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