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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

Introduction

e NPS processes are important for fundamental studies
eprobe of the partonic structure of the proton
einput for the tuning of MC generators
ebackground of new physics signatures

e NPS sensitive to interplay between perturbative and
non-perturbative QCD

emodels can be tuned using data measurements

*Rate of NnPS processes increases with Vs
eparton densities increase

eCross section of nPS
(n—1)

2
O4LPS A

nyy

o 2 3
GSPS Qh 10?SPS pp—>c6)& vs. DPS pp'—>06c6X§
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ein certain processes and/or regions of phase space, contributions - — GURos LO e 0 A ariv1012.5427
¢ 4% % [ —immimiaas MSTWO8LO e P 1
from DPS are significant 2

e We have results from many experiments, using many final states
and in different Vs

(mb)
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S. Leontsinls (s (GeV) U. Zurteh


https://arxiv.org/pdf/1212.5427.pdf

Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

DPS effective cross section

eDPS is a proton-proton scattering process where two partons from each proton mteract separately

e DPS cross section can be expressed as:
dopps 1 [172dz} /1—% dofy (177 d7) /1—5’1 dz)
d.CIZ'l dZIZ’Q dfl dfg C ZIZ’/ - 517/2 3_3,1 7 SEIQ

2 2

x Z Bty (4715, 1) 6 03, (25755, piz)
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From Riccardo Nagar’s thesis

e Assumption 1:

-o—
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CMS, Vs=13 TeV, Jiy+Jhy+Jy
CMS*, Vs=7 TeV, Jiy+Jiy
ATLAS, Vs=8 TeV, Jiy+J/y
DO, Vs=1.96 TeV, Jiy+J/y
D0*, Vs=1.96 TeV, Jiy+Y
ATLAS*, \s=7 TeV, W+J/y
ATLAS*, Vs=8 TeV, Z+J/y
ATLAS*, {s=8 TeV, Z+b—Jhy
DO, Vs=1.96 TeV, y+b/c+2-jet
DO, Vs=1.96 TeV, y+3-jet

DO, Vs=1.96 TeV, 2-y+2-jet
DO, Vs=1.96 TeV, y+3-jet
CDF, Vs=1.8 TeV, y+3-jet
UA2, Vs=640 GeV, 4-jet
CDF, Vs=1.8 TeV, 4-jet
ATLAS, Vs=7 TeV, 4-jet
CMS, Vs=7 TeV, 4-jet

CMS, Vs=13 TeV, 4-jet

CMS, Vs=7 TeV, W+2-jet
ATLAS, Vs=7 TeV, W+2-jet
CMS, Vs=13 TeV, WW
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I ! !
e Generalized PDFs factorize into longitudinal & transverse components 0 20
sintroducing the transverse overlap function Oettops (MO

arXiv:2111.05370

e Assumption 2: m olh'—=a shh'—b
e The longitudinal double-PDF is the product of 2 single PDF ag}f,';“b — SE— 5P
°i.e. nO parton correlations in colour, momentum, flavour, spin, 2 Ocft

O.; = <Interparton transverse separation>2.
ederivable from the geometric p-p overlap with naive expected size of o4 = 30 mb

eexperimentally o.4 ~ 15 mb, derived from DPS of jets, photons, EWK bosons and 0. ~ 5 mb, derived
from di-quarkonia final states
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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

DPS effective cross section

e Two contributions to DPS x-section in pA

— DPS,1 DPS,2
*OpA—ab — 6pA—>ab T 6pA—>ab

O.

D =215+1.1ub
A + GpprA

Geff,pA =

eRatio of DPS pPb / pp cross sections

& eabout A + AY3/z ~ 600
eDPS is enhanced by x600 factor in pPb
compared to pp
epPb provide new useful independent
extractions of ¢
SDPS.1 _ A . _DPS eft, pp
" “pA—ab pN—ab p = p = p =
sDPS2 _ DPS L S =
*“pA—ab pN—ab “effpp * pA \ §§§\ /v \ @ 1/W ! ” % 1y
«— A\ \&
o[, 5 the Pb transverse density ~ 30 mb- DPS . DPS . SPS
(Glaub \ A\ { I
auber MC) bl v U
\J M
SPS __SPS £
GDPS B m GpN—>a6pN—>b —
pA—ab o Pb Pb ——— Pb
Ocff,pA
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5

Signal extraction

Fiducial requirement

For all muons pr > 3.4GeV
pt > 3.3GeV for 0.3 <
pr > 5.5-2.0|n7| GeV for 1.1 <
pt > 1.3GeV for 2.1 <

For the two J/ mesons pr > 6.5GeV and |y| < 2.4

i
1
1

for0 < || < 0.3

< 1.1
< 2.1
<24

*Yield extraction
2D unbinned extended ML fit
ecrystal ball function for signal
ecxponential for background

* U+ channel

*Nuy/wi/y = 8.5 £ 3.4 and 4.90 significance
*uu+ee channel

*Nu/wi/g = 5.7 £ 4.0 and 2.30 significance
* Total significance of 5.30

S. Leontsinls
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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

CMS Preliminary
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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

& .
Cross section measurement

CMS Preliminary pPb 174.6 nb™' (8.16 TeV) CMS Preliminary pPb 174.6 nb™' (8.16 TeV)
1 1 1 I 1 1 1 1 1 I 1 1 1 I 1 1 = B 1 1 1 I 1 | | | | | I 1 1 1 I 1 1 1 i

e Measured fiducial cross section to be determined
from single-J/P MC-based efficiency in (pr,y) plane

cd(pr — J/WJ/W + X) — Nsig/(egint%%/y/e/m)

*considering only J/y—=pup J/Y—uu mode

.NSig/g = ZiNsiig/gi

1 O_— * Data _

== Total

8- Ty

>\ Background |

Events / 50 MeV
(00]
1 1 1 1 1 1 I 1 1 1
I
Events / 50 MeV

.Néig is the per event signal weight

N RN
€ =€, 1€, 1S the product of the two J/y

efficiencies

oc = 62.1%
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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

7.

Systematic uncertainties

CMS Preliminary pPb 174.6 nb™' (8.16 TeV) CMS Preliminary pPb 174.6 nb™' (8.16 TeV)
1 1 1 I 1 1 1 1 1 I 1 1 1 I 1 1 = B 1 1 1 I 1 | | | | | I 1 1 1 I 1 1 1 i

> 107 T > |
E [ E 10:— ¢ Data |
2 8r = f i = Total :
g £ 8 I
L|>J : |_|>J ? > Background |

Source of uncertainty o(pPb — J/9]/ 4+ X)

J/¥ meson signal shape 4.0%

Dimuon continuum background shape 2.5%

Luminosity 3.5%

Branching fraction 1.1%

Scale factors 1.3%

Total 6.1%
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SPS/DPS discrimination
oo(pPb — J/yl/y+ X) = 22.0 £9.0(stat) = 1.5 (syst) nb

e Cross section includes both SPS and DPS components
eneed to separate to measure DPS effective cross section

*Most discriminating variables in DPS/SPS processes are A}p and Ay
*sPlot weights applied to data to acquire signal only A and Ay distributions
*For the SPS/DPS separation we start from Ay

*SPS calculation shows steep Ay(J/yn,J/P2) decrease

*Safe to assume and fit the Ay>1.92 region, where SPS contamination is negligible
eDPS template derived from event combinatorics
*Npps = 2.1 £ 2.4 events
eusing this normalisation, the DPS template is compared with data
*Nsps = 6.4 + 4.2 events %"% = i

KN e 7y

JI
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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

CMS Preliminary ~ pPb 174.6 nb™ (8.16 TeV)
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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

9

DPS effective cross section measurement

CMS Preliminary ~ pPb 174.6 nb™ (8.16 TeV)

oo IR = 16.5 +10.8 (stat) = 0.1 (syst) nb 3
PR 777 b oo F
Ak v, — SPS+DPS
oo WA = 5.4 4 6.2 (stat) + 0.4 (syst) nb 5 | 2 0P o
i ™
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1 p W P W N /%;/ /‘ 7 PN G,
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eff AW, S, )
° A N eff,pAE;)A/ A © CMS Preliminary pPb 174.6 nb" (8.16 TeV)
< :
«A = 208 for a Pb nucleus and F,, =29.5 mb~lis derived from the pPb ~55 -
thickness function with a Glauber MC model G J
- 4 O b 1E HEEENEEE 2.5 E
Ceff -L.5 Theoretical cross section with HELAC-ONIA . 5
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EPPS16 lead nPDF 0°F basaposo
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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

Conclusion CMS-PAS-HIN-23-013

*First observation of the associated production of two J/U mesons in pPb at Vsyn = 8.16 TeV and
measurement of the fiducial cross sections

JoPPOIWINAX — 16 5 + 10.8 (stat) £ 0.1 (syst)nb oS reiminary
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Observation of double-J/Pp meson production in pPb collisions at 8.16 TeV

Double J/g production diagrams
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