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Why is this significant?

« BSM Physics
* Couplings predicted by theories ((; ~ 1014 - 1013 GeV4) 1

* Couplings can be probed independent of models

*Example: Polarizable Dark Particles

1. arXiv:1311.6815 3
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QCD contribution (KMR)
e Total QED cross-section
Quark and Lepton loops confribution
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Exclusive yy production
p. >10GeV, p;'_z > 10 GeV
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FPMC Signal With Background
* Analysis at hadron level including:
* Detector efficiencies " e
. ] n 105 | | L | . I | | | |
R-esolutlon effects § I — SIQ»,na:le | /s =14 TeV
* Pileup @ 10 wWpeup 1
----------- e'e dijet + pile up L=300fb
10° ----= Excl. background = 50
102 R - DPE background H=

¢ Requesting:
2 protons in forward detectors g, =10"% GeV™
+ pTy>200, (100) GeV

* Atleast 1 converted proton in the i g c1 =107 GeV"
central detector 10 -'.-'.-‘ -—ITH‘]"'-r-:. P EPEPRIPEE VPN BT P —
400 600 800 1000 1200 1400 1600 1800 2000

m,, [GeV]

« Roman Pot Proton Acceptance?
- &> ~0.015 arXiv:1606.07675v1

2. CERN-LHCC-2014-020, TOTEM-TDR-002 SEPTEMBER 2014
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Mass and Rapidity

g QT g
s f — Signal n Vs=14TeV ]
10* 3 gx;.p::cl;Zround L =300 b 3
* Mass and Rapidity matching of © - 1o oo ps
S 15 E
. . 107 é‘ C1 =10 GeV"' - h ?;
¢ Background 1S ﬂat hned 0?2 04 06 08 l['l1'"]' T2 14 16 '1ft:;
mggss/m,,
8O T e
w 102;_ """ vy + pile up L =300 fb"' __‘:
) CutS ; - - Excl. background u=>50 ;
10 E
* 2 high pT photons (pT;>200 GeV, pT,>100 GeV) - (,=10"2Gev* g
- m,, > 600 GeV e
w0k =10" GeVv* " ]
I Y ciéé*;_‘;
arXiv:1606.07675v1



Dealing With Pile Up (PU) Events

_ Signal DY,
1
Cut / Process S8 with (without) || Excl. | DPE di-jet ’.7'7
(full) , + pile up
f.f (EFT) + pile up
.01 1
0015 < &2 < 0.15, 65 18 (187) 0.13 | 02 1.6 2968
Pr1,(2) > 200, (100) GeV]
M., > 600 GeV 64 17 (186) 0.10 | © 0.2 1023
0.95,
Pr2/pr1 > 64 17 (186) 010 | © 0 80.2
|A¢| > 7 — 0.01]
VEi&s =m., + 3% 61 16 (175) 009 | 0 0 2.8
Yy — Ypp| < 0.03 60 12 (169) 0.09 | 0 0 0

No background — 5 events = 50
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Example Application: Polarizable Dark Particles

 Paper published Sep. 6 2016
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* Polarizable dark particles automatically
induce loops with four external photon \ /
legs? y N = y

* Propose to use this anomalous coupling
to search for dark matter candidates

3. arXiv:1609.01762v1 8
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Energy Plots

*Sensitivity of the exclusive diphoton
channel to a spin-0 dark particle

with dimension-8 polarizability

*The dashed lines correspond to the

50 sensitivity in presence of 5
events of the dark particle

*Possibility of a dark particle being
detected at a 50 significance3
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3. Fichet, S. Shining Light on Polarizable Dark Particles. arXiv:1609.01762 [hep-ph] (2016).
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*[ntact protons

Timing [
detector [, Se:

*Fast timing detector - Proton time of flight
e Check if compatible with vertex to avoid PU

*Currently running analysis
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Summary

* Cross section is well known

* High diphoton mass = Photon induced processes
*Background free experiment

* Many applications

 Future: Studies with heavy ions for SM production
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Extra Dimensions

X Warped Extra Dimensions solve hierarchy problem of SM

X 5" dimension bounded by two branes
“ A

X SM on the visible (OI”TGV) brane Planck brane TeV brane
X The Kaluza Klein modes of the \
graviton couple with TeV strength \\4 JA{\ 2
P | \lfelds
e —f h,Ify (%nqugA — FupFp) el e
graviton KK graviton

f ~ TeV mik ~ few TeV o
X Effective 4-photon couplings ¢; ~ 10714 — 10713 Gev~—2 possible

X The radion can produce similar effective couplings

13
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Motivations to look for quartic vy anomalous couplings

Y

e Two effective operators at low energies

=Y 1178 nl OO =Y W al 1,\
£-l‘*, = 1’;11/1'“ 1'/)(71") + G2 1’;11/1‘ 1)1‘/))\1' ’l

e ¥y couplings can be modified in a model independent way by loops
of heavy charge particles

G =0a;,Q'm 'Ney,

where the coupling depends only on Q*m * (charge and mass of the
charged particle) and on spin, ¢, , depends on the spin of the particle
This leads to ¢; of the order of 104-1013

e () can also be modified by neutral particles at tree level (extensions of
the SM including scalar, pseudo-scalar, and spin-2 resonances that
couple to the photon) ¢; = (fym) 2d; s where f, is the yyX coupling
of the new particle to the photon, and d, ; depends on the spin of the
particle; for instance, 2 TeV dilatons lead to {; ~ 1013

14



KU

THE UNIVERSITY OF

KANSAS
Luminosity 300 b~ 300 fb~! 300 fb~' | 3000 fb~'
pile-up (u) 50 50 50 200
coupling | > 1 conv. v | > 1 conv. v all ~ all ~y
(GeV—*) 50 95% CL 95% CL 95% CL
G ff 1-10713 9.10 14 5-10-17 |25 1014
¢; no f.f. 3.5-107" | 25-107™ f15-107 ) 7-10°%
Gy FF. 25-103 [ 15-108 [ 1-10® J45-10° @
( no f.f. 7.5-100" | 55-107 3-107 p15-1071

15



Operators

Spin 0
Operator | ¢?(F)? | OF¢p0”¢(F.F)* | (0+¢)?(F)?
Dimension 6 8 8
Name 0g, 03, 0%,
Spin 1/2
Op. VU(F)? iUy, 0V U (F.F)* | iWy,0V(F)?
Dim. 7 8 8
Name | O ol o
iUy U(FF) | Unsy,0"U(F.F) | Ursv,040(FF)
7 8 8
s, Ose Ous
Spin 1
Op. | (X )%(F)? | XuXu(F.F)* | (X.X)™(F.F)* | (X))(F)? | (X.F)*(X.F)~
Dim. 6 6 8 8 8
Name 0(150, Otlib Oéa Oéb Oéc

16



