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Introduction

* We know the SM well
* SM cannot explain dark matter, matter-antimatter

asymmetry,...
 Dark Photons

« ALPS

 Dark axion portal

- Connect ALP and dark photon
- Dark higgs, Dark photon, ALP, VLFs

K. Kaneta, H.-S. Lee, and S. Yun. 1611.01466
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Model

- Couplings " e "
- Higgs Dark Photon coupling N
- Higgs axion couplings P /
- ALP-photon-photon @5 v @ D
- ALP-photon-dark photon MTDWFV}’E’FD#
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Model

- Axion to diphoton is b we o
well known \ N .

- Higgs to diphoton is *
also well known oy b o b

 Photons are “clean” at oY a
colliders

- Go look for additional “~ N, 1" AN A
signals at LHC that e N .

contain photons
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Some Signals

 Some candidate signals in the dark axion portal

P. Draper and D. McKeen 1204.1061,
A. Chakraborty et al. 1707.07084,

B. Sheff et al. 2008.10568 ,

G. Cacciapaglia et al. 2210.01826,

This Talk/Work

and many many more .



Photon Jets

 Light particles get large boost

. " a7 Apparent
Dec.ay products become o Landau-Yang
collimated . Violation
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Multi-Photon Objects

AR = \/An? + A¢? n =

Well collimated photons
end up in same detector
location
Appear as a single photon

AR < 0.04
Photon Jets

Sets of photons or
photon-jets that have
intermediate separation

0.04 < AR <04
¢ Jets

11 E+pz

E—-pz

Use Isolated Photons
to reduce QCD
backgrounds

AR > 04
Isolated Photons

B. Sheff et al. 2008.10568 .



BR(h — Yava — ayay =€ 67 — niso + m&)

Max Prob(6y — nyis, + m&)

1. Truth level events {y}

Merge y-Jets l AR < 004

2. Observable Photons {yons}

10°

Isolate y l AR> 04

3. Isolated Photons {Vis, £} T 100 o
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Summary & Conclusion

BR™*(h - ypYp)
Diphoton Signal Strength + Four Photon Resonance + BR(h - unknown)
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* The DAP introduces a six
photon Higgs resonance.
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* We can place good 10t
constraints using the two
and four photon categories.
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Questions?
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Transverse Momentum Cuts

Channel ATLAS pr Requirements
1y p1.7 > 150 GeV [94]
27 p1.7 > 35 GeV and psr > 25 GeV [24]
3y p1.r > 15 GeV, po r > 15GeV, and ps r > 15 GeV [95]
4y |prr > 30 GeV, p2,r > 18 GeV, p3,r > 15 GeV, and ps, 7 > 15 GeV [95]
oY Pi.T > 15 GeV (t =1,2,3,4, 5)
Gy pir > 15 GeV (i =1,2,3,4,5,6)
Channel CMS pr Requirements
17y p1.7 > 145 GeV [98]
2 pi,7 > 30 GeV and p2,7 > 18 GeV [30]
3y p1,7 > 15 GeV, p2,7 > 15 GeV, and p3,7 > 15 GeV [95]
4y p1,r > 30 GeV, por > 18 GeV, p3.r > 15 GeV, and pyr > 15 GeV [27]
5y pir > 15 GeV (i =1,2,3,4,5)

6y pi,T > 15 GeV (% =1,2,3,4, 5,6) .



Axion Constraints

ALP-photon-dark photon ALP-photon-photon
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Higgs Constraints

95% CL
: 95% C.L. Limits from Higgs Mixing and BR(h - unknown)
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