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Outline

e CMS detector and capabilities for forward physics;

 Probing central exclusive processes at high-energies;

* Limits on central exclusive /PIP — yy production;
* Measurement of exclusive Yy — ete—;

* Measurement of exclusive yy— Wt

 Exclusive production of massive electroweak boson pairs;

* Cross-checks with exclusive yy — LWL at large masses;

* Search for exclusive yy— W+W- production;

 Limits on anomalous quartic gauge couplings.
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The CMS experiment

Exclusivity selection: Tracker info to select no other tracks apart of the two leptons/bosons
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'+ CMS detector and capabilities for forward physics;

e Probing central exclusive processes at high-energies,;
* Limits on central exclusive /PIP -y production;
* Measurement of exclusive yy— ete—;

* Measurement of exclusive Yy — LLTLL™.

 Exclusive production of massive electroweak boson pairs;

* Cross-checks with exclusive yy — LWL~ at large masses;

* Search for exclusive yy— W+W~-production;

 Limits on anomalous quartic gauge couplings.



Exclusive processes at LHC

The central exclusive production of light and heavy pairs is represented by:

pp — p) + (yy,£H6 ,WW-) + p(*)

* Intact protons in the final states, however also accounting for proton dissociation;

* No other particles in the final states;

e yy: tests for theoretical prediction for exclusive Higgs production and to measure
gluon density at small-x;

e {*{~: comparison to precision QED predictions and to study of proton dissociation;

 W*W-: study of exclusive processes at high mass and constraint of anomalous couplings.
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Central exclusive yy production

CMS-FWD-11-004
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Exclusive production of £ ¢ pairs

. . . : o 10, CMS NS =TTeV pp 36pb7
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'+ CMS detector and capabilities for forward physics;

"« Probing central exclusive processes at high-energies;
* Limits on central exclusive /PIP - yy production;
* Measurement of exclusive Yy — ete—;

* Measurement of exclusive yy— Wt

 Exclusive production of massive electroweak boson pairs;

* Cross-checks with exclusive yy — LWL~ at large masses;

* Search for exclusive yy— W+W- production;

 Limits on anomalous quartic gauge couplings.



Exclusive yy—>W*W-: theory

| CMs-FsQ-12:010 |

* The yy — W+ W~ coupling is present in the Y we AN

SM Lagrangian: quartic coupling plus #- and - >< :}:
channel W exchange; \\
Y w- Y wW- vV

 Extension to consider the anomalous quartic gauge couplings (aQGC):
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Ly Parameters for the genuine aQGC'
» Form factors are included in order to tame the rising of the cross section:

W W 7y c.m. energy

W W2 ) — 4o,c e
( T A* ) \ (dipole form factor)

 ForalV/A?, al / A%~ 10-: unitairy bound reached, so A =500 GeV.

+ Belanger, G.; Boudjema, F.; Phys. Lett. B 288 (1992) 201




Event selection

| CMs-FsQ-12010 |
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e Data collected in 2011 at 7 TeV:

Opposite-sign and flavor pe events in 5.05 fb1;

WU eventsin 5.24 fb1,

Asymmetric triggers with thresholds of 17 & 8 GeV;

No extra tracks at the vertex apart of the leptons;
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CalcHEP+Pythia -- CMS Simulation 2011, Vs=7 TeV

 Selection requires leptons and pairs with:
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Benchmark with yy—u+u— (1)

CMS-FSQ-12-010

» The dimuon channel is used as a benchmark o™
to validate the exclusivity criteria: s

* Kinematic regions; ——— >

CMS, {s=7 TeV, L=5.24 fb™
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28% deficit observed in the data
compared to MC




Benchmark with yy—u+u= (ll)

| CMs-FsQ-12010 |

« Comparing the data to the simulation, we observe a deficit in data that is not predicted by the
Monte Carlo event generation;

CMS Preliminary 2011, {s=7 TeV, L=5.24 fb’'
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* We estimate a scale factor for masses larger than the W-pair mass as:

Nyy data — NDy

F = =13.23 + 0.50 (stat.) +0.36 (syst.)

Nelastic m(ptu—)>160 GeV



Signal from WtW-——u~etvv

CMS-FSQ-12-010
e Events passing all the requirements: Selection step Signal € x A Events in data
Trigger and preselection 28.5% 9086
Signal: 2.2 + 0.5 evt m(pTeT) > 20 GeV 28.0% 8200
Bkg 0.84 + 0.13 evt Muon ID and Electron ID 22.6% 1222
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Limits on aQGC

| CMs-FsQ-12-010

 The upper limit on the cross section times Branching fraction is found as

o(pp — pPIWFW—pCT — pTuFe™ptT) < 1.9 iy

Upper limit of

3 events
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from LEP
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Summary

CMS has successifully measured exclusive processes at low and high masses;

The observed cross sections are in agreement with the theoretical QED predictions for the
exclusive yy— £~ production:

c(pp — pu'u p) = 3.38"028 (stat.) £0.16 (syst.) £ 0.14 (lumi.) pb

17 (semi-)exclusive events in exclusive production of e"e " pairs

Upper limit cross section on the exclusive central /P IP — yy production with 95% CL.:

o(Er(7) > 55GeV, [7(7)] < 2.5) < 1.18 pb

Two potential candidates for the exclusive production of W pairs with observed cross
section in agreement with the SM expectation:

o(pp — pPHIWTW—p) — ppEeTpt)y = 21738 fb

aQGC limits:

—0.00017 < ay’ /A% < 0.00017 GeV 2 (al /A* =0, A = 500 GeV)
—0.0006 < aZ /A% < 0.0006 GeV 2 (aly /A* =0, A = 500 GeV)

« Two orders of magnitude more stringent than those determined by the LEP results.
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IPIP—yy and yy—e*e: cutflow & efficiency

exclusive diphoton analysis exclusive dielectron analysis
selection criterion events remaining || selection criterion events remaining
Trigger 3023496 || Trigger 3023496
Photon reconstruction 1683526 || Electron reconstruction 132271
Photon identification 40692 || Electron identification 2648
Cosmic ray rejection 32775 || Cosmic ray rejection 2023
Exclusivity requirement 0 || Exclusivity requirement 17
exclusive 7y analysis exclusive e"e™ analysis

el-el inel-el inel-inel

€yy | 0.485 = 0.067 €ete— | 0.371 =0.037 | 0.438 = 0.035 | 0.430 = 0.030
€cos | 0.979 = 0.009 €cos 0.979 = 0.009 | 0.822 = 0.008 | 0.639 = 0.006
etsr | 0.972 = 0.003 Efsr 0.927 =0.002 | 0.666 = 0.016 | 0.299 = 0.009
€exc | 0.145 = 0.008 Eexc 0.145 4+ 0.008 | 0.145 = 0.008 | 0.145 = 0.008
€ 0.0669 == 0.0100 || € 0.0488:0.0056 | 0.0348==0.0035 | 0.0119 =0.0011

Gustavo Silveira (CP3 | UCL)

DIS 2013 XXI International Workshop on Deep-Inelastic Scattering and Related Subjects — Marseille, France
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IPIP—yy and yy—ete~: bkg expectation

exclusive 7y production exclusive e"e™ production
Background Events Background Events
exclusive e"e” 0.114+0.03 || exclusive Y(1S,2S,3S) — e"e™ | negligible
cosmic ray negligible | cosmic ray 0.04 £0.01
non-exclusive 1.68 £ 0.40 || non-exclusive 0.80 == 0.28
exclusive 7t'7t” and 717 | negligible || exclusive t7 7™ negligible
Total 1.79 £0.40 || Total 0.84 = 0.28




IPIP—>yy: extra tracks

Signal region —»

Gustavo Silveira (CP3 | UCL)

number of additional towers

CMS Preliminary Vs=7 TeV 36 pb™
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number of additional tracks

DIS 2013 XXI International Workshop on Deep-Inelastic Scattering and Related Subjects — Marseille, France
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YY—ete: extra tracks

CMS Preliminary Vs=7 TeV 36 pb™

Signal MC Simulation
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YY—ete™: observed events

Process | L o € nEvents
el-el 36+1.4pb " | 3.74+0.04 pb 0.0488+0.0056 | 6.574-0.07 (theo.)=+0.80 (syst.)
inel-el 36+1.4 pb_1 3.34£0.67 pb x2 | 0.0348+0.0035 | 8.37£1.68 (theo.)£0.90 (syst.)
inel-inel | 36+1.4 pb_1 3.52+0.70 pb 0.0119£0.0011 | 1.51+£0.30 (theo.)£0.15 (syst.)
Total 16.5+£1.7 (theo.)£1.2 (syst.)
CMS Preliminary \s=7 TeV pp 36 pb"’ CMS Preliminary \s=7 TeV pp 36 pb™
_\I\|I\I‘\I\|\\I‘III|\\I‘I\\|I TTTTTTT T T T T T T T TT T T T T T TT T T TT T T TT T T TTTT T TTTI
> 7 —+— DATA o S D|ATA| R
(Lg 5 B EIEl  yy—e'e 8 B EIEl yy—e'e
—_ — B nel-El  yy—e'e S 5+ B nel-El  yy—e'e
(2 - [ Inel-Inel yy—e'e - [ Inel-Inel yy—e'e
- L 9p)
GJ et
5 G
LLI

Gustavo Silveira (CP3 | UCL)
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YY— U U cutflow

Corrections included: Event pileup

M ID
Selection Data | Signal Single-pdiss. Double-pdiss. DY | Total Trlijggner off
Vertex and track-exclusivity | 921 247 437 197 56 | 937  Trackereff.
Muon ID 724 193 336 160 53 | 741
pr > 4GeV, || <21 438 132 241 106 20 | 499
m(utu=) > 115 GeV 270 95 187 86 13 | 380
3D angle < 0.957 257 87 178 83 12 | 361
1—|A¢/ | <0.1 203 87 126 41 8 263
|Apr| < 1.0 GeV 148 86 79 16 3 184
> :\ I I ‘ I I I | I I I ‘ I I I ‘ I I I | I I: m JI\I|I\\I‘\II\‘\\\I|\H\‘II\I|\\II‘IIH|IIII‘\IIL
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YYD distributions
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Comparing the data with yy— tt1t-

| CMs-FsQ-12010 |

CMS Preliminary 2011, Vs=7 TeV, L=5.05 fb™ CMS Preliminary 2011, Vs=7 TeV, L=5.05 fb™
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vYy— W W-: summary of uncertainties

Uncertainty
Trigger and lepton identification 4.2%
Luminosity 2.2%
Vertexing efficiency 1.0%

Exclusivity and pileup dependence 10.0%
Proton dissociation factor 20.0%




vy— W*HW-: Exclusion plots

CMS Preliminary 2011, {s=7 TeV, L=5.05 fo! CMS Preliminary 2011, Ys=7 TeV, L=5.05 fb!
—_ 25 — 25
g g “F
L B T B
o B o B
x L x
© EEEEEER EEEESE S EEEEEEEEEEERE EEEEEN) © EEEEEEEEEER EEEEEEEEEEER EEEEEEEEEERI]
15— 15—
= A =500 GeV - A =500 GeV
_ p.(ep) > 20 GeV C p.(e.u) > 20 GeV
05— m(eu) <2.4 0.5 m(ew) <24
_ p,(n €) > 100 GeV C p,(u €) > 100 GeV
-I L1 1 I L L 1 I L B 1 I LA L 1 I L AL 1 ] LA L 1 I L1 L 1 I L L1 I L1 L1 1 I L L L 1 1073 i L L L L I L 1 L 1 I 1 L 1 L L 1 L 1 I 1 L L L I L L L L
87502 015 01 005 0 005 01 015 02 025 2o%01s -0.001 -0.0005 0 0.0005 0.001 0.0015

a0W/A2? [GeV?) aCWI/A? [GeV7]




Signal from WtW-——u~etvv

CMS-FSQ-12-010

» Events are requires to pass trigger and preselection requirements, and lepton identification:

CMS 2011, Ys=7 TeV, L=5.05 fb’'
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