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Introduction

The study of final states with photons has been instrumental in the
search of BSM signatures — also thanks to the precision of the CMS
detector in measuring photons.

- See CMS photon performance talk

- See CMS ECAL performance talk

Analysis Integrated Luminosity Code Status
g
Diphotons with CT-PPS 9.4 fb* (2016) EXO-18-014
Dark photons in VBF Higgs 137 fb? (2016-2018) EX0-20-005
LLP decaying to photons 70.1 fb (2016-2017) PRD 100, 112003
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https://indico.cern.ch/event/868940/contributions/3813681/
https://indico.cern.ch/event/868940/contributions/3813533/

Analysis #1: Exclusive diphotons with intact protons
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Search for Exclusive Diphotons with Intact Protons

PPS (+TOTEM) Roman Pots
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LHC sector 56
Proton tagging provides the strongest sensitivity to » »
study anomalous quartic gauge couplings (AQGCs) 7 2
5
- Using the CMS and TOTEM Precision Proton Spectrometer i
P P

(CT-PPS, now PPS), we can measure all final state
particles in the light-by-light (LbyL) scattering process

- Conservation of momentum allows for kinematical
matching of the forward and central systems, providing a
very strong background suppression

y(central system)

- Measure fractional momentum loss &, which can be
translated into mass and rapidity
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Mpp = /SE1€2, Ypp = 3 log(&1/&2)

- See CMS PPS Talk for more

10° 10¢
m(central system) (GeV)

2/m
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https://indico.cern.ch/event/868940/contributions/3813536/
http://cds.cern.ch/record/2725141?ln=en

Search for Exclusive Diphotons with Intact Protons
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- Require both protons to be detected in
CT-PPS

Search for BSM contributions to the LbyL L A
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CMS-PAS-EX0-18-014 / TOTEM-NOTE-2020-003
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http://cds.cern.ch/record/2725141?ln=en

Search for Exclusive Diphotons with Intact Protons

An upper limit is set on the exclusive diphoton process of 3.0 fb within CT-PPS fully efficient

acceptance range in mass and rapidity, leading to the first ever collider limits on the four-photon
AQGC.
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CMS-PAS-EX0-18-014 / TOTEM-NOTE-2020-003
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http://cds.cern.ch/record/2725141?ln=en

Analysis #2: VBF Higgs decaying to a dark photon
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Search for VBF Higgs Decaying to a Dark Photon

Search for a Higgs boson produced by
vector boson fusion (VBF) decaying to a
photon and an undetected particle.

- The branching fraction for the process
shown in the diagram can be as high
as 5%’

- Using the full Run Il dataset: 130 fb—*!

130 fby™ (13 TeV) 130 fb™ (13 TeV)
8- wy +4-Data |

CMs
Preliminary
[ m, < 1500 Gev

- The Higgs is accompanied by two jets
with a large gap in pseudorapidity,
allowing for discrimination against SM

aN\ | N
backgrounds N ! E
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2= Preliminary

Events / Gev
Events  Gev.

m, > 1500 Gev.

- Different selection cuts based on year *# ¥ ; E
and trigger BaE 3 BT
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- Data are well described by background o i3
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"Phys. Rev. D 90, 055032 (2014)
CMS-EXO-PAS-20-005 5/11


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.055032
https://cds.cern.ch/record/2724995?ln=en

Search for VBF Higgs Decaying to a Dark Photon

) 130 fb? (13 TeV)
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- 801 events observed with a background prediction of 799.3 £ 124.6

- The product of oygr and B(H—invisible + v) is excluded between 2 fb — 150 fb
for my from 125 GeV — 1000 GeV.

- For more CMS results see exotic Higgs decays and dark matter talks at ICHEP2020.
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CMS-PAS-EXO-20-005


https://indico.cern.ch/event/868940/contributions/3813528/
https://indico.cern.ch/event/868940/contributions/3814847/
https://cds.cern.ch/record/2724995?ln=en

Analysis #3: Search for LLPs daying to photons
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or LLPs decaying to photons

Many BSM theories predict neutral particles with long lifetimes. This study explores a
SUSY benchmark scenario of a neutralino decaying to a gravitino and a “delayed”
photon. For more on LLP see CMS LLP talk.

- Using 774 fb~ ! of data from 2016-2017

- The photon selection requires p7 > 70 GeV, tight
photon ID

- Because of their displaced vertices and resulting
trajectories, signal photons have delayed arrival
times and non-normal impact angles in the CMS
ECAL

-+ Special photon isolation criteria are developed for
this analysis.

Phys. Rev. D 100, 112003 (2019)
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https://indico.cern.ch/event/868940/contributions/3815924/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112003

Search for LLPs decaying to photons

Dedicated CMS ECAL study to

determine timing resolution odl 18Ty
os- CMS o(ay = A, ~o e
. o 0.7F
- Signal photons tend to arrive in the 06L —H2016(35917) Npp= 316+ 12ns
ECAL up to 10 ns later than photons 05l T 2017 @157 Cigre = 0077 + 0.001 ns
i Ny, = 304 =1.2ns
produced at the primary vertex. = 04 o 5065 - 0001 ns
(=
- Using Z—sete~ events, the time :;‘: 03
resolution between neighboring ECAL
crystals as a function of amplitude is 02
understood
- o (At) and A.g correspond to the 0t ; e
; . . 1 1
time resolution and effective 0 Aoy, 0

amplitude, respectively

Phys. Rev. D 100, 112003 (2019)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112003

or LLPs decaying to photons

- Signal extraction performed using

“ABCD" method where bin Cis the

signal enriched region

Limits are given as a function of

neutralino proper decay length

(CW{J) and mass (N\g{)) Famsmsres T
[l oM

Limits are increased on the decay b Dot

length by an order of magnitude and £ 10§

increased on the mass by 100 GeV & 1o 1
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Phys. Rev. D 100, 112003 (2019) 9/M



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112003

Conclusion

Photons are good candidates to searches for new physics, and we've
seen three new CMS results utilizing photons.

- Search for high-mass exclusive diphoton events with intact
protons sets first limits of four-photon anomalous coupling

- Search for VBF Higgs decaying to a dark photon leads to
enhanced limits on the cross-section between ~ 2 — 150 fb for
125 GeV< my < 1000 GeV

- Search for long lived particles decaying to photons increases the

limits on the neutralino proper decay length by an order of
magnitude
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Conclusion
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Overview of CMS EXO results
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