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CMS results on exclusive processes

— Exclusive production of T mesons in pPb collisions:
CMS-PAS-FSQ-13-009

— Measurement of exclusive w7~ production in pp collisions:
CMS-PAS-FSQ-12-004

— Searches for vy — W™ W™ processes and limits on anomalous quartic
gauge couplings: arXiv:1604.04464 [hep-ex]

Documentation

Complete list of CMS Forward, small-x, and QCD results available on

— cern.ch/cms-results/public-results /publications /FSQ, and
— twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
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Exclusive production of T mesons in pPb collisions
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Exclusive production of T in pPb collisions éﬁ [<! l

Pb/p Pb/p

First observation ever of this process in asymmetric
pPb/Pbp collisions

p/Pb p/Pb
Main motivations:

— Photonuclear cross-section sensitive to the gluon density in the nucleon:
2
dO’/dt [e'e (XBjG(XBj, QZ))

— Steep rising of o with W,,
— reflection of steep rise in the gluon density with lowering of xg;

— probing the gluon density in the unexplored region of
low-xgj)= M3 /W2, ~ 107> — 10~*
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Exclusive production of T in pPb collisions

Datasets: 18.8 (13.8) nb™* of pPb (Pbp) collected at ,/syn = 5.02 TeV

Selection:

— two opposite-sign muons, with |n(p)| < 2.2, pr(single p) > 3.3 GeV
— one single dimuon vertex, no extra tracks with pr > 2 GeV

pPb 32.6 nb” (5.02 TeV)
T T

— > O F T T T B
0.1 < pT(/J'/J') < 1 GeV 8 20? CMS N (Y(1S)) =243 +6.7 E!
(remove exclusive and o 8 . N (T(2S) = 19.1£6.3 =
. . Q e Kndi=2414 N (Y(38)) = 7.4 £4.9 4
inclusive backgrounds) S B N (two-photon events) - 183 £ 163

- < 2.2 (high 3 12 3
ly(up)] < 2.2 (hig g E
u-finding efficiency) E

— invariant mass fit ; i
templates: N

— linear yy — ptpu~ 1 1l e
Continuum 10.5 :1» 115G V12
— Gaussian T(nS) peaks e mass (GeV)

— fit parameters: T(1 — 3s) and vy — pu*u~ continuum yields, [(T(1s))
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Exclusive production of T in pPb collisions
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32.6 nb”' (5.02 TeV) 32.6 nb”' (5.02 TeV)
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% 10" CMS —=— Data 2 F CMS —=— Data
0] E Preliminary [ Data driven background % 60 Preliminary [ Data driven background
- r [ QED elastic E [ QED elastic
o 10 1y Pb STARLIGHT F 1y Pb STARLIGHT
g B v p STARLIGHT (signal) 50 B v p STARLIGHT (signal)
% 9.12 <my,< 10.64 GeV 40; 9.12 <my,< 10.64 GeV
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— Good data/MC agreement reached
— Higher yp signal with respect to yPb

— photon flux ¢ « Z2
— quasireal photons emission strongly enhanced for Pb
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Exclusive production of T in pPb collisions — || dependerﬁ [<! l ‘“‘9

Differential cross section evaluated in:

- 5 bins of |t| ~ pf(up): 0.01 < |t| < 1 GeV?
— 4 bins of y(pp): |y| < 2.2
Iterative Bayesian unfolding of background-subtracted |t| and y distributions,

correction for experimental acceptance

pPb 32.6 nb™ (5.02 TeV)
X2/ ndf 0.98/3

da”r f— 1 NT(HS) !\%\ ECMS Constant 2.9+ 0.45
dit] — L Alt| %“’2? Sopo 452 17
Templated fit: S wf
Ne~?tin 0.01 < |t| < 1 GeV?: A
T 0w
[ —— x?minimization fit to data
b =45+1.7 (stat.) £ 0.6 (syst.) GeV > W
0.1 0.2 0.3 0.4 0.5

0.‘6 0‘.7
Itl (GeVy?
Compatible with pQCD predictions and HERA measurements:

— H1: 4.73 4 0.25 (stat.) GeV 2 (arXiv:hep-ex,/0003020)
— ZEUS: 4.3™29 (stat.) GeV~2 (arXiv:1111.2133)
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Exclusive production of T in pPb collisions — power law éﬁ [<! l 2%

Power law dependance of the resonance production cross-section with yp CoM
energy:

1 dU’Y‘(ls) s
Oyp = $ dy o< (Wiyp)

CMS Preliminary pPb 32.6 nb™* (5.02 TeV)
Photon flux ¢ = ¢(y) from g W R O
STARLIGHT (no hadronic = T e .
H H o —— LHCb(pp, 78TeV)
interaction) & e cuseracen
a 3
& 10
Experiment ) e
HERA-H1 0.83 £ 0.07 10° Db E
HERA-ZEUS 1.240.8 M e
LHC-CMS 0.96 +0.43 T e
Overall fit 0.76 £ 0.14 107 10° W G

— CMS data consistent with dependence of o(W,,) seen in former attempts
— disfavors LO pQCD predictions.
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Measurement of exclusive w7~ production in pp collisions
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Exclusive 77~ production in pp collisions

Multiple contributions to exclusive #~ @~ production, e.g.
CEP, or yp — p(770)p — 7w 7 p

r 4
Good spectroscopy tool to probe low-mass scalar P -
resonances
P n*
Samples and selection: , )

— Low-pileup, zero bias data collected at /s = 7 TeV:
450 pb~!

- pr(7%) > 200 MeV, |y(n¥)| < 2.0, identification
through dE/dx of low-momentum tracks in silicon
tracker

— Exclusivity condition: 2 tracks only on vertex,
calorimeter signal veto (noise thresholds on ECAL and
HCAL)
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Exclusive 77~ production in pp collisions

Simulation:

— Single- and double- dissociation, DPE with Pythia8+MBR
— vp — p(770)p with Starlight
- pp = p®rtr—p™ continuum (no resonances) with Durham’s Dime MC

cMs Pvellmlnary Dp at F 7Tev, L, =450 un 1
T T

Data-driven background estimation: g 8"““%“‘ ‘ “ﬂﬁfﬁjg‘;"“ El 5
& ro0of DT S—

— background yield and shape extracted sooof e 3
from events with 1-5 extra towers above ool E
threshold moi E

— same procedure applied on same-sign 00 e L E
events (background only) as a closure test a0 s

— 754 4 12 events predicted in 0 extra moo; R ++“;
towers-region, with 700 4 27 observed events ; 3 : B

2 4 8
N(ECAL, HCAL, HF: extra towers)
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Differential and integrated cross section

Differential cross sections overestimate the exclusive

cmMs Prehmmavy ppatfs=7TeV,L =450 b"

A Py 8 7T, Ly 500

CMS Preliminary pp at 5= 7 TeV, L, = 450 yb*

Ve

"KK threshold" ]

[GeV/c ]

2 25
p.(wn) [GeVic]

+

— 2 = —
— T T T T = T T T T T T
% o) > 02 Gevie, ol <2 S 22F5 02 Gevie el <2 aq g p, (> 0.2 Gevie, y(r] < 2 )
S dat £ = F . data

() -S(arll ht MC: 1P 2 -S(arll ht MC: P2 > P Starlight MC: yp - p
S of mo MC: orexn = Bime MC: orexn g Dime MC: orexp / 2
3 :|D|me MC: exp/z < =1 Dime MC: exp/2 3 e 1 Dime MC: exp / 2

= = 16 -

3 1,(980 2

= s / 1(980) 32 14p

= 1,(1270) o b

5 S

3 3

T +p

photoproduction predictions at pr(7t7~) > 0.4 GeV
Unfolded cross sections (pr(7%) > 0.2 GeV):
— ly(7®)| < 2.0: 0vis = 20.5 £ 0.3 (stat.) = 3.1 (sys.) = 0.8 (lumi) ub

Predicted value: 12.7 ub (Pythia8 MBR) / 13.8 ub (Pythia8 4C tune), without
low-mass proton dissociation nor intermediate resonances contributions

— |y(n%)] < 1.0: ovis = 8.1+ 0.2 (stat.) + 1.2 (sys.) £ 0.3 (lumi) ub
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Searches for yy — W' W™ processes and limits on
anomalous quartic gauge couplings
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Search for yy — W™ W™ and limits on AQGCs @ K! l }('

el
»\\m

e ju”
Upgrade at /s = 8 TeV of the previous 7 TeV search ey
(JHEP 07 (2013) 116) utfe*
Vu/Ve

Strategy:

— search for pp — p(*)('y'y - Ww- — ei;ﬁuﬁ)p(*) events
— using central CMS information only:

— track-based exclusivity condition to enhance two-photon production process

— detect deviations on production rate to probe anomalous couplings
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Search for yy — W™ W™ and limits on AQGCs

Anomalous models:

Gauge boson self-couplings in SM: SU(2) x U(1) structure of electroweak
sector.

Anomalous (T/G)Cs predicted by many SM extensions: additional gauge
bosons, SUSY, ...

Can be introduced as a Lef = Lsm + Lexe up to a fixed energy scale A.
— dimension-6, “LEP legacy” model
Li=-5% FWFM3 (WHW—p = W W)
Laqce 3

L= LB F P W W,

— 2 parameters handling the yyW' W™ coupling: ag:/C (SM limit: agl/c =0)
— dimension-8, suitable for LHC energies

— 4 parameters handling the yYW W™ coupling: fyr,0—3 (SM limit: fi,0—3 = 0)
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Search for yy — WTW ™ events. ..

Dataset: 19.7 fb™! (45.05 fb™!)

Selection:

— opposite charge electron-muon
CMS Simulation, CalcHEP+Pythia Vs =7 TeV, L=5fb"

‘ T oot pz | ‘
[ SM:alA™00GeV* aA0.0000 GeV”
- aWiA*=-0.0002 GeV? al/A%-0.0000 GeV?
rrrrr alA®=0.0002 GeV? al¥/A%-0.0008 GeV?
alA*=-0.0003 GeV? aA%-0.0000 GeV*
—o-. alNA®=0.0003 GeV? alin®-00008 GeV”

pair,

— pr(p), Er(e) > 20 GeV,
In(e, p)| < 2.4

— associated to a common primary
vertex

- m(ep) > 20 GeV

o

Events/20 GeV

— track-based exclusivity condition

— no additional tracks on the dilepton N ==
vertex P (en) (Ge

300
V)
— signal region: high-pr(ep)

— Photon-induced process at a pp collider: 3 sub-processes to consider in

signal:

— elastic two-photon production
— single- and double-proton dissociation

16
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Search for yy — WTW ™ events. ..

— Elastic component simulated (EPA), data-driven method to account for
other contributions (high-statistics channels: yy — puTu™, 7y — ete™):

total elastic
vy = F x5y

signal
kinematic
v v region

Experimentally, proton dissociation factor
extracted as: ﬁ
(presel.+m(up) > 160 GeV ~ 2 x M) :

cus 107 5" @ oV

up _ bckgrd

F — DMdata — Mmc
nelastic
MC

= 3.23+0.53 (stat.) (7 TeV)

%..{vl

il i, Gt 17



http://physics.ku.edu/
https://cms.cern.ch

Search for yy — WTW ™ events. ..

Intermission: Overestimation of the survival factor in LPAIR matrix-element
description of the 7y — £7£~ process cross section

— Data shows better agreement with large suppression of double-dissociative
component in this kinematic region

— Example: 0% gap survival probability for DD:

CMS 19.7 fb™ (8 Tev) CMs 19.7 fb” (8 Tev)

<

Iy - i (snge dissociston)
K3
-
|
e

3

3
3
°
g
g
g
i

Events / 40 GeV'

| | I |
0 om0 30

s
m(up) [GeV]

)
m(ee) [GeV]
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Search for yy — WTW ™ events. ..

Cut flows for the two analyses:

Selection step 7TeV 8 TeV
Trigger/presel. 9086 19406
m(eu) > 20 GeV 8200 18466
Leptons identif. 1222 6541
No extra tracks 6 24
pr(eu) > 30 GeV 2 13

Observed cross sections (times branching fraction) for
the pp = pM(yy = WHW™ = eFpuTFun)p):
— at 7 TeV: ogps = 2.2733 b, osm = 4.0+ 0.7 fb
— at 8 TeV: gops = 11.9755 fb, osm = 6.9+ 0.6 fb
Consistent with the SM

Combined significance for 7 + 8 TeV combination
(over bck-only hypothesis): 3.40

Events/30 GeV

Events / 30 GeV

[ —w-

AR AN R R T T
[ e paa -Dren Yant't

} = inclusivew'w B8 Diffractive W'W {
[ W 22 wiets

[ — Elasticyy - 't B2 Inelastic yy - T'T

W'W (SM)

0 50

100 150 200~ 250
p (e )[GeV]

19.7 b (8 Tev)

SM yy — WwW I inelastic yy -
I oiffractive ww I ewk wwaq
M eistic vy - Inclusive diboson

Data
VY~ WW @TA?=1.5°10%, 8l A%=0, Ay4=500 GeV)
VY~ WW (a)1A%=2*10°, al¥A%=0, no form factor)

 stat. uncert. in simulation [Hll Drell-van

it -
150 ~ 180 210 240

p,(e) [GeV]
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Search for yy — WTW ™ events. ..

Still among the lowest cross sections reachable at the LHC

— April 2016 CMS Preliminary
Ke]

o 5 - & 7 TeV CMS measurement (L < 5.0 fb™)

—0 - & 8 TeV CMS measurement (L < 19.6 fb’)

© - & 13 TeV CMS measurement (L < 1.3 fb™)

n jet(s) — Theory prediction

SO EE Leis Z CMS 95%CL limit

.2 3

"5 i

®10° i -
2] | B .

2] - o

®10? § Djetls)g

o T at o P

S a8 +L
SR . doat 3T

S £ E -

Z

2 .

S 1 ¢ 1y
° A3 “ R A
240 tr - -
o

102 9 .=
e
107 -+

Tw Tz Twy Tz Twwlwzlzz IE(‘]N IE";IWV'V’I‘EV‘%EWVE%IWWIZW Twil |1m T |1w|m Tow [z IggHIVEFIVHInHI

All results at: http://cern.ch/go/pNj7 EW:Woslv, Zoll, e, Th. Ao, in exp. Ac
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and limits on AQGCs

— Using the pr(ew) distribution of SM and AQGC vy — W W™ behaviour,

extract constraints on AQGCs
Example: 1-dimensional limits on (dim-6) AQGC
parameters:
— applying unitarity restoring form factor

= alc — alc [+ W2 /N0q)  Acutoir = 500 GeV

Param. 7 TeV 8 TeV Combined
a’ /N [-1.5,1.5] [-1.1,1.0] [-0.9,0.9]
all |N? [-5,5] [—4.2,3.4] [-3.6,3.0]

x 10% GeV™2 x10* GeV™2  x 10 GeV 2

— Most stringent limits on these operators
— two orders of magnitude tighter than LEP-II limits

" .
o 0.002 CMS ; 5.1fb (‘7 TeV) +19.7 f‘b (8 TeV)
% [ \ﬁ Aquor = 500 GeV 1
O, [ \ 1
\
P B -
S 0,0017 \ ]
[ X \ 1
\

or- \ \ -

[ \

\

-0.001 ° Sl_?;gard model \\ ]
—8Tev \
—8+7TeV \
——8+7TeV 1-D limit ~

00 7 T T S I S B

0.00 -0.0005 0 0.0005

aWIN? [GeV?
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and limits on AQGCs

April 2016

cms —
ATLAS Channel Limits _[Ldt \s

fino /AT [T WVy [-7.7e+01,8.1e+01] 19.3fb" 8TeV
— Zy [-7.1e+01, 7.5e+01] 19.7fo" 8 TeV
— Wy [-7.7e+01, 7.4e+01] 19.7fb" 8TeV
H ss WW -3.3e+01, 3.2e+01]  19.4 fo' 8 TeV

1 [YyYSWW 426400, 4.26+00] 24.7fo' 7.8 1eV_]
fi g /A" 1-=-1 WVy -1.3e+02, 1.2e+02] 193 fo" 8TeV
— Zy [-1.9e+02, 1.8e+02] 19.7 fo' 8 TeV
— Wy [-1.2e+02, 1.3e+02] 19.7fb" 8TeV
- ss WW -4.4e+01,4.7e+01] 194 fb' 8 TeV

H [YY=>WW __[1.66+01, 1.66+01] 24.7fo" 7.8 1eV_]
fiup /A —_— Zyy -5.1e+02, 5.1e+02]  20.3fb" 8 TeV
[EEEE T i Wyy [-2.5e+02, 2.5e+02] 20.3fb" 8 TeV
H Zy [-3.2e+01,3.1e+01] 19.7fo' 8 TeV
H Wy [-2.6e+01, 2.6e+01] 19.7 fo' 8 TeV
[N b i Zyy [-9.2e+02, 8.5e+02] 20.3fo" 8TeV
Jrmmmmmm e f Wyy [-4.7e+02, 4.4e+02] 203 fb" 8TeV
— Zy [-5.8e+01,5.9e+01] 19.7 fo' 8 TeV
H Wy -4.3e+01, 4.4e+01] 19.7fb" 8 TeV
fiug /A H Wy -4.0e+01, 4.0e+01] 19.7 fo' 8 TeV
fs /A — Wy -6.5e+01, 6.5e+01] 19.7fo" 8 TeV
fiug /A — Wy -1.3e+02, 1.3e+02] 19.7fo" 8TeV
1—l ss WW [-6.5e+01, 6.3e+01] 194" 8TeV
fuz /A — Wy [-1.6e+02, 1.6e+02] 19.7 fo' 8 TeV
- ss WW [-7.0e+01, 6.6e+01] 194 fo' 8 TeV

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 T 1 1 1 1 ] 1 1 1 1
-1000 0 1000 2000 3000

aQGC Limits @95% C.L. (TeV*)

(plot from twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC)


http://physics.ku.edu/
https://cms.cern.ch
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Summary

Exclusive production of T in pPb collisions

— Differential cross sections in |t| and y distributions
— Better picture of gluon density evolution at low-xg;

Exclusive 777~ production in pp collisions

— Differential and integrated cross sections extracted at /s = 7 TeV

— |y(®®)] < 2.0: oyis = 20.5+ 0.3 (stat.) + 3.1 (sys.) = 0.8 (lumi) ub

— |y(#*)] < 1.0: oyis = 8.14 0.2 (stat.) + 1.2 (sys.) & 0.3 (lumi) ub

— Diff. cross sections above exclusive 7t7~ 4 p photoproduction predictions for
pr(mTmT) > 0.4 GeV

Search for AQGCs in yy — WHTW~—

— Evidence set for this process (3.7¢0 observed significance)
— Most stringent limits so far on anomalous quartic yyW™ W™ couplings

N
@
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Backup
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Systematics (exclusive 77—, 7 TeV)

[ Selection [ Data: Events Left |
High-Level Trigger ZeroBias 33214795
stematics B Exactly two tracks 215139
Sy U ncertainty Track Purity 170990
. . track)| <2 128375
Background estimation 7.2% pT(tlri(ck) >)0‘.2 GV 103038
Tracking efficiency (pion pair) 7.8% Vertex with 2 tracks 58468
Unfoldi 10.3% [Zaertex] < 15 cm 57602
nfolding 3% Ers < 052 GeV 19362
HF energy scale 2.0% Epe <218 Gev 42988
: Ens < 1.18 GeV 41703
Barrel, endcaps energy scale 3.9% Enp <1.95 GeV 32565
L Enr- <40 GeV 14037
0 HF
Integrated luminosity 4.0% For <10 GeV 102
Total 15.9% Opposite Sign (OS) 5402
[ Same Sign (SS) 700
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Systematics (yy — WHTW—, 8 TeV)

Summary of systematics in the signal region for the 8 TeV analysis:

Systematics Uncertainty
Proton dissociation factor 10.5%
Efficiency correction for no add. tracks 5.0%
Trigger and lepton identification 2.4%
Integrated luminosity 2.3%

Total 12.2%

&%}; l<! l 11\15//
L (5% ° /'%—jr;/‘
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Search for vy — WT W™ events... (cut flows)

Cut flows for the 8 TeV analysis:

Selection step Data Excl. yy = Wtw~ Backgr.
Trigger/presel. 19406 26.9+0.2 22180+ 1890
m(ep) > 20 GeV 18466 26.6 £ 0.2 21590 + 1850
Leptons identif. 6541 225+0.2 6640 £ 93
No extra tracks 24 6.7+0.2 152+ 25
pr(ep) > 30 GeV 13 53+0.1 3.9+0.5
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