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Why don’t we find physics beyond the Standard Model?
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Placing Bounds on New Physics with Displaced Photons

Why don’t we find physics beyond the Standard Model?

Maybe the new physics sector implies signals we did not expect when the LHC

was first designed!

diséppearing 0|:
. . 'displaced. kink(.ed tracks
Focus on long-lived particles (LLPs). mulivackleREes < e
A b ...~ (converted) photons

A large lifetime implies a

displaced leptons,

macroscopic decay length: lepton-ets, or

lepton pairs
Non-standard signals! /
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Placing Bounds on New Physics with Displaced Photons

How do we create LLPs at colliders?

® A GeV mass particle with a long lifetime implies a very small coupling.

® Tt is better if production and decay processes are not related.
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® Tt is better if production and decay processes are not related.
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Placing Bounds on New Physics with Displaced Photons

How do we create LLPs at colliders?

® A GeV mass particle with a long lifetime implies a very small coupling.

® Tt is better if production and decay processes are not related.

In this work, we are interested in o X
looking for neutral LLPs, assuming - ------

production via Higgs decays Y

We are also interested in models MET
where the LLP decays into a %

photon and an invisible state:

displaced photon! y

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

The search for
displaced photons
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Placing Bounds on New Physics with Displaced Photons

How do you distinguish displaced photons?

A

Photons coming from long-lived R R _

particles take longer to reach the

ECAL, and do not point towards
the primary vertex. y
Rl RZ
: f e G
Important variables: 0 N
1
t’y ‘AZ’V ’ G i \ ' N4 v >
0 Zpy z(y) z
IP | |
Az,
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Placing Bounds on New Physics with Displaced Photons

Displaced photon search

® Trigger: isolated lepton with pr > 27 GeV.

i D. Mahon (PhD Thesis)
Joel Jones-Pérez ATLAS (ATLAS-CONF-2022-017)
ATLAS (2209.01029 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

Displaced photon search Idea:

® Trigger: isolated lepton with pr > 27 GeV. LLPs come from Higgs decay.

Trigger on leptons from Z, W or t.

i D. Mahon (PhD Thesis)
Joel Jones-Pérez ATLAS (ATLAS-CONF-2022-017)
ATLAS (2209.01029 [hep-ex])
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Displaced photon search

® Trigger: isolated lepton with pr > 27 GeV.

_ MET
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Placing Bounds on New Physics with Displaced Photons

Displaced photon search

® Trigger: isolated lepton with pr > 27 GeV.

_ MET
X
H X
X Y
Issue:

Final state photons are somewhat soft!
Probably not much MET

i D. Mahon (PhD Thesis)
Joel Jones-Pérez ATLAS (ATLAS-CONF-2022-017)
ATLAS (2209.01029 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

Displaced photon search

® Trigger: isolated lepton with pr > 27 GeV.
® At least one “loose” photon with energy larger than 10 GeV.

® [solation criteria: no deposits larger than 5% - 6.5% of energy within AR = 0.2.

S ATLAS

Run: 191426
Event: 86634500 J3 EXPERIMENT

2011-10-22 17:30:29 cesT  http://atlas.ch

i D. Mahon (PhD Thesis)
Joel Jones-Pérez ATLAS (ATLAS-CONF-2022-017)
ATLAS (2209.01029 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

Displaced photon search

® Trigger: isolated lepton with pr > 27 GeV.
® At least one “loose” photon with energy larger than 10 GeV.

® [solation criteria: no deposits larger than 5% - 6.5% of energy within AR = 0.2.

Run: 191476
Event: 86694500 L1 EXPERIMENT

2011-10-22 17:30:29 cesT  http://atlas.ch

Issue:

Backgrounds are huge! Need to
cut using timing, displacement,
and MET.

i D. Mahon (PhD Thesis)
Joel Jones-Pérez ATLAS (ATLAS-CONF-2022-017)
ATLAS (2209.01029 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

Displaced photon search

® Trigger: isolated lepton with pr > 27 GeV.

® At least one “loose” photon with energy larger than 10 GeV.

® Jsolation criteria: no deposits larger than 5% - 6.5% of energy within AR = 0.2.
® One of the photons must be in barrel region (used for analysis).

® If more than one photon in barrel region, use the one with largest energy.

® Require E. larger than 10 GeV.

Ecell:

Maximum energy depositin a
middle-layer ECAL cell

(about 0.2 - 0.5 of total energy)

i D. Mahon (PhD Thesis)
Joel Jones-Pérez ATLAS (ATLAS-CONF-2022-017)
ATLAS (2209.01029 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

Displaced photon search

® Trigger: isolated lepton with pr > 27 GeV.

® At least one “loose” photon with energy larger than 10 GeV.

® Jsolation criteria: no deposits larger than 5% - 6.5% of energy within AR = 0.2.
® One of the photons must be in barrel region (used for analysis).

® If more than one photon in barrel region, use the one with largest energy.

® Require E.ylarger than 10 GeV.

® Define signal region depending on MET > 50 GeV.

® Place cuts onty, and . Distinguish single and multi-photon samples.

(1) 1.5ns<t, <12ns Ins <t, <12ns (24)

Az, | > 300 mm

i D. Mahon (PhD Thesis)
Joel Jones-Pérez ATLAS (ATLAS-CONF-2022-017)
ATLAS (2209.01029 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

What did the search find?

1 2+ 14
Expected 3.84+1.6 0.28 4+ 0.04 4.14+1.7
Observed 4 0 4

Let us put bounds on models... recast the search!

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Dimension Five
Seesaw Portal

F. Delgado, L. Duarte, JJP, C. Manrique-Chauvil, S. Pefia (2205.13550)
L. Duarte, JJP, C. Manrique-Chavil (2311.17989)
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Placing Bounds on New Physics with Displaced Photons

Dimension-5 Type-I Seesaw Portal

We are interested in an extension of Type-I Seesaw model with d=5 operators,
involving the sterile neutrino states and neutral SM bosons.

We again add only two sterile neutrinos.

L=Ls+ Y, (Z_;&VR) -+ %MR (ﬂRV%) + h.c.

4 <(QNK)SS/ (¢T¢) DR V]C%s’ 4 (&Nf)ss Dp. py VRS/ B,uz/ A C)

Light neutrinos interact via these operators through “sterile-light” mixing.

Graesser (0704.0438 [hep-ph])

Joel Jones-Pérez Aparici, Kim, Santamaria, Wudka (0904.3244 [hep-ph])
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Decay chain

The new couplings allow:

pp — H— N, N5

(Ng)as
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Decay chain

The new couplings allow:

(OéfNB)Eh = Usﬁ (aNB)ss’ Us’h

Joel Jones-Pérez

Prompt!




Placing Bounds on New Physics with Displaced Photons

Decay chain

The new couplings allow:

(O‘E\TB)M
V7
— H— N4 N5
(ng)as L’ Prompt!
(04\73)45 N4 v
» V7Y
(&§VB>4€

(QE\TB)E}L = Usﬁ (aNB)ss’ Us’h
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Placing Bounds on New Physics with Displaced Photons

Decay chain

The new couplings allow:

>V’y

(O‘E\TB)M
— H— N4 N5
(ng)as L’ Prompt!
(o B)as N4 v
(anp)a

(QE\TB)E}L = Usﬁ (aNB)ss’ Us’h

Joel Jones-Pérez

» V7Y

Displaced! (x2)



Placing Bounds on New Physics with Displaced Photons

Bounds on BR(H - N; N;5)!
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Placing Bounds on New Physics with Displaced Photons

Bounds on BR(H - N; N;5)! ~ Large coupling implies that N, decay
- is prompt.
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Placing Bounds on New Physics with Displaced Photons

Bounds on BR(H - N; N;5)! ~ Large coupling implies that N, decay
- is prompt.
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Placing Bounds on New Physics with Displaced Photons

Bounds on BR(H - N; N;5)!
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0.1

Large coupling implies that N, decay
is prompt.

“Region with heavier masses is

favoured, as N; is less boosted:

* N, moves more slowly, so t, is
larger.

* Photon and neutrino can have
larger angular separation, so |Az, |
can be larger (and maybe MET?)

Small coupling implies that N, can
decay outside the detector.



Placing Bounds on New Physics with Displaced Photons

Bounds on BR(H - N; N;5)!
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" c TN4 [m]

I 100.

10.

0.1

Large coupling implies that N, decay
is prompt.

“Region with heavier masses is

favoured, as N; is less boosted:

* N, moves more slowly, so t, is
larger.

* Photon and neutrino can have
larger angular separation, so |Az, |
can be larger (and maybe MET?)

Standard seesaw decays start to
dominate, so lifetime does not
depend on ane.

Small coupling implies that N, can
decay outside the detector.



Placing Bounds on New Physics with Displaced Photons

Bounds on an,!
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Placing Bounds on New Physics with Displaced Photons

Dark Photon Model

B. Diaz, L. Duarte, JJP, W. Rodriguez, D. Zegarra (25XX.XXXXX)
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Placing Bounds on New Physics with Displaced Photons

Dark photons

® Can we think of any other model that could leave a displaced photon signal?

® Inspiration: dark axion models!

G ,  Gs ~ . Gs ~
Lan = 20 Fu PP + 220 F) o+ 226 Fl P

Kaneta, Lee, Yun (1611.01466 [hep-ph])

Joel Jones-Pérez Kaneta, Lee, Yun (1704.07542 [hep-ph])



Placing Bounds on New Physics with Displaced Photons

Dark photons

® Can we think of any other model that could leave a displaced photon signal?

® Inspiration: dark axion models!

Dark photon

Dark axion

Kaneta, Lee, Yun (1611.01466 [hep-ph])
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Placing Bounds on New Physics with Displaced Photons

Dark photons

® Can we think of any other model that could leave a displaced photon signal?

® Inspiration: dark axion models!

A" — MET
Dark photon

Dark axion

Kaneta, Lee, Yun (1611.01466 [hep-ph])

Joel Jones-Pérez Kaneta, Lee, Yun (1704.07542 [hep-ph])



Placing Bounds on New Physics with Displaced Photons

Dark photons

® Need to keep A’ stable. Or at least very long lived!

® Add Z, symmetry:

O — —¢ AL — —AL
Lo = L B

® This is the only interaction term of dark photon, with no kinetic mixing!

® The field ¢ does not transform under U(7) symmetry of dark photon.

Farzan, Akbarieh (1207.4272 [hep-ph])

Joel Jones-Pérez Arias, Arza, Jaeckel, Vargas-Arancibia (2007.12585 [hep-ph])



Placing Bounds on New Physics with Displaced Photons

Dark photons

® Next: add an interaction term for ¢ with the Higgs:
2

A A
V= L HP ¢ SEHTH) + 56+ TR0t 4 g [HI ¢

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Dark photons

® Next: add an interaction term for ¢ with the Higgs:

2
L AH L A
V= —SHHP + SEH )+ 20+ Tt 4 Mg [HIP ¢
2 4 2 1
Should be Iargé—ish...
Not really an axion?
REBRANDING: OBJECTIVE:
Dark photon with a scalar portal! * Bound the model with displaced

photons
* Check if good DM candidate

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Additional constraint: Higgs invisible decays

® If the lifetime of the LLP is very long, the particle could escape the detector
before it decays.
® In this case, one can constrain models with searches for Higgs invisible

decays.

\l LAr eleciromagnetic calorimeters

Solenoid magnet | Transition radiation fracker
Semiconductor fracker

BR(H — inv) < 10.7% BR(H — inv) < 15%

Joel Jones-Pérez ATLAS (2301.10731 [hep-ex])
CMS (2303.01214 [hep-€eX])



Placing Bounds on New Physics with Displaced Photons

Preliminary results
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Placing Bounds on New Physics with Displaced Photons

Preliminary results , o
Higgs — invisible
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Placing Bounds on New Physics with Displaced Photons

Preliminary results , o
Higgs — invisible

100y
50/

Higgs — undetected

ATLAS (1909.02845 [hep-ex])
CMS (1809.10733 [hep-€ex])
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Placing Bounds on New Physics with Displaced Photons

Preliminary results
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Placing Bounds on New Physics with Displaced Photons

Implications for Dark Photon dark matter

To be continued! Some musings on the topic:

® The dark photon is a FIMP, as g is very small.

® The scalar should be thermal, depends on Ax,.

® [t seems ¢ decays dominate freeze-in production of A'. Then, as long as g»
is small, the value of An, is crucial for prediction. Maybe also SuperWIMP?
® Region of parameter space seems to overproduce dark matter, assuming

Standard Cosmology.
® This works seems to point in the direction of displaced photon searches

bounding Non-Standard Cosmology scenarios.

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Take-home messages

® Searches for displaced photons can place bounds on models with LLPs
decaying into photons and MET.

® These searches have largest sensitivity for ¢ T ~ C’)(l m)

® For larger lifetimes, Higgs — invisible searches present better bounds.

® Recast of search in the context of d=5 Seesaw Portal place strong bounds
on coefficients of effective operators ~ (9(10_5 GeV_l)

® Recast of search in the context of dark photon with scalar portal places
bounds Ang ~ O(1077)

® Possibility of dark photon generating the relic density in this region of

parameter space still under consideration. Stay tuned!

Joel Jones-Pérez
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Backup

Joel Jones-Pérez
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Placing Bounds on New Physics with Displaced Photons

Why expand the Standard Model?

® No mechanism for neutrino masses
S-No dark matter candidate
® No explanation for baryon - antibaryon asymmetry

® The Higgs is theoretically uncomfortable (naturalness, vacuum stability)

Loop corrections
to Higgs mass /

Neutrino oscillations

e Mass and gas in Bullet cluster

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Where are we looking for New Physics?

® Colliders
® Neutrino oscillation experiments
® Dark matter experiments

® So many others!

Large Hadron Collider

Joel Jones-Pérez

Qutgoing
¢ Particle

-Incoming 1
Particle °

XENONI1T Experiment

Sanford Underground

R h Facilit
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800 e _— - ‘
NEUTRINO /
i PRODUCTION €«

‘ - PARTICLE
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L UNDERGROUND
PARTICLE DETECTOR

DUNE experiment



Placing Bounds on New Physics with Displaced Photons

Where are we looking for New Physics?

® Colliders
® Neutrinc

® Dark ma

® 50 many:

DUNE experiment

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Recasting the Displaced Photon search

® Events are generated in MadGraph, with parton shower and hadronization

by Pythia.

® Need to calculate t,and |Az,| from truth-level information. Must include

this info in HepMC files, and pass on to Delphes for detector simulation.
® Arrival time t,;

Simulated “prompt LLPs"”, and calculated arrival time as a function of

pseudorapidity. Subtract this from long-lived case.

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Recasting the Displaced Photon search

® Photon non-pointing variable: separation between primary vertex and
projected origin of photon, along the beamline.

D,
Az, | = Fyo — ; (7“72 L pvy)

YT

® Not exactly what ATLAS does. Measurement actually relies on information of
first two layers of ECAL, disregards information on ¢. Differences are

fortunately small!

Joel Jones-Pérez F. Delgado (Thesis)



Placing Bounds on New Physics with Displaced Photons

Post-Delphes Cuts

® Apply proper isolation criteria, based on tracks and energy deposits.

® Applied gaussian smear on ]Az,y , use this for efficiency.

® Apply pr and n cuts on photons, separate into 1 or multi-photon channels.
® Apply ID efficency on electrons, and ID efficency + isolation on muons.

® Apply pr and n cuts on electrons, muons, jets.

® Implement overlap removal: photons > electrons > jets > muons.

® Evaluate if trigger is fired.

® Apply gaussian smear on t,.

® Assign to signal region if MET > 50 GeV.

® Separate in different| Az, | categories, with a binning based on t,.

® Apply statistical analysis on largest t, bin, on largest \Azﬂ category.

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Type-I Seesaw

Type I Seesaw is probably most popular mechanism for neutrino masses

L=Lsv+Y, (Z_L-gguR> + %MR (VrVR) + h.c.

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Type-I Seesaw

Type I Seesaw is probably most popular mechanism for neutrino masses
L=Lsm+Y, (l_l ° qbVR) =+ %MR (PrVR) + h.c.

Mass matrix:

o 0 ™mp 1 )
Ml/ — < m% MR ) mD:ﬁ’UYV

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Type-I Seesaw

Type I Seesaw is probably most popular mechanism for neutrino masses
L=Lsm+Y, (l_l ° qbVR) =+ %MR (PrVR) + h.c.

Mass matrix:

o 0 mp 1 .
Ml/ — < m% MR ) mD:ﬁ’UYV

Light neutrino mass matrix:

m,, NmDM}glm%

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Couplings
Ly = %WM—Z&W Uai P i + hec.
L, = 4ng Z,ai" (Cij P, — C}; Pr) n;
—STW(C‘?MZV — 0y Z,) i o' [(aly )i Pr. — (aNB)ij Pr] nj
Ly = CTW(%AV — 0y Ap) ni ot (v p)ii P — (aNp)ij PRI M
1. _[1 v? ]
Ly = _;hni 5 (Cij My, + C;} mn) — K(a%qb)ij Prn;
_%h n; % (Cij My, + CFymy, ) — rU—AQ(OzEVQb)M Pr,n;
Lnp = %hQ n; [(@§v¢)ijPL + (&fi\ﬂqu)ijPR] nj

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Dimension-5 Type-I Seesaw Portal
New interactions:

U \ *
LhNN = KH Np, [(0/Ng)nn Pr + (0/ng)nn Pr] N

(Oé\fgb)hh’ = Ush (&Nqb)ss’ Usrpy

Allows the decay of the Higgs into two heavy neutrinos (tremendously
suppressed in standard Seesaw)

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Dimension-5 Type-I Seesaw Portal

New interactions:

C \ *
Lonn = TWFW Ny ot [(yp)asPr — (5 5)as Pr] N5 + h.c.

(Ofi]\fB)45 — U84 (&NB)SS/ U8’5

Allows the decay of one heavy neutrino into another heavy neutrino and a
photon. Usually dominates decay width.
Ny

Ns

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Dimension-5 Type-I Seesaw Portal

New interactions:
£ _ CW F — jVA % / P / *x P N h
Ny = = ve o™ [(avp)ea P — (e p)alr] Na + hc.
/
(CVNB)EZL — Usﬁ (aNB)ss’ Us’4
Allows the decay of a heavy neutrino into light neutrino and a photon.

Depends on “sterile-light” mixing.
Vy

Ny

Joel Jones-Pérez
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Modifications to Heavy Neutrino Width

New branching ratios:

1} _ 1} (ap)self [GeV™] = 107% = 10 %en I07we 107°
0.503 ....... 0.50§ .....................................................
= 5 #
>
N x
&% 0.10, & 0.10,
1 (ang)se/ A [GeV aa] i
0.05) ™ . 0.05' |
105 ... 10-° ’."," - , /
1 5 10 50 0-01 5 10 50
My [GeV] M, [GeV]

Photon + v final state will usually dominate over small masses, but on the

GeV regime the other decays are also relevant.

Joel Jones-Pérez S. Pefia (Thesis)
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Modifications to Heavy Neutrino Width

New lifetimes:

1012 (an)ss/ A [GeVl] — 1072 ... 107 O """""""""""""""""""""""""""""
i ' Minimal Mixing T me 10°° _1j :
1097 .................. [ e ;
g [ v e, i o =2F et
£ 108 : R
S e ] —~ -3} ~—. e
~ 103_ e, . Y \
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1 ~5] = 107 10°°
10_3%| L 1 L 1 L L L | L L L | L \7_ _6§ 10‘4 - 10—6
1 5 10 50 1 5 10 50
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It is important to include at least standard Seesaw three body decays!!
Modifications to three-body widths have small impact, might be relevant after a

putative discovery.

Joel Jones-Pérez S. Pefia (Thesis)



Placing Bounds on New Physics with Displaced Photons

Constraints from LEP
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Constraints from LEP
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Placing Bounds on New Physics with Displaced Photons

Constraints from LEP
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Placing Bounds on New Physics with Displaced Photons

. / -
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Placing Bounds on New Physics with Displaced Photons

Bounds on an,!
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Placing Bounds on New Physics with Displaced Photons

1+ channel is not always the most sensitive one!
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Joel Jones-Pérez
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Placing Bounds on New Physics with Displaced Photons

Application of Higgs — invisible limit

® One must take into account the probability of the LLP decaying outside the

detector,

L1 L2
Prob(x1, x9) = exp {— } — exp {— }
( ) Yrel 51‘61 CTy Yrel ﬁrel CTy

Yrel = Ex/mx Brel — ‘ﬁx‘/EX

Ty = Lifetime of y in rest frame.

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Simplifications

® Take a spherical detector.

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Simplifications

® Take a spherical detector.

® Assume the Higgs decays at rest.

2
Lys,

2
4mx

— 1

EX — mH/2 = Vrel Brel —

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Simplifications

® Take a spherical detector.

® Assume the Higgs decays at rest.

m2
EX:mH/2 = VYrel Brel = }; —1
4ms
So far:
2L
BR(H — xX) X exp {— det } < BRyimis
Vrel 51"61 CTy

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Simplifications

® Take a spherical detector.

® Assume the Higgs decays at rest.
® Assume the decay is invisible if the LLP decays after the

ECAL.
MET

X — Lo = 1.97m

Y
2Ldet

Vrel 51"61 CTy

BR(H — xX) X exp {— } < BRyimis

Joel Jones-Pérez



Placing Bounds on New Physics with Displaced Photons

Preliminary results
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Placing Bounds on New Physics with Displaced Photons

8 TeV Search, for 20.3 fb

® Two “loose” photons with energy larger than 50 GeV.

® One of the photons must be in barrel region.

® [solation criteria: no deposits larger than 4 GeV within AR = 0.4.

® If more than one photon in barrel region, use the one with largest t,.
® Define background, control and signal region depending on MET.

® Use bin-based analysis consideringtyand  |Az, |

Joel Jones-Pérez ATLAS (1409.5542 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

8 TeV Search, for 20.3 fb
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Joel Jones-Pérez
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Placing Bounds on New Physics with Displaced Photons

8 TeV Search

Old searches for non-pointing photons were designed for heavy particles.

250
Gluon Fusion

M;, = 50 GeV 0.00%
6991 Events

* Triggered using high pT photons.

150

0.58% 0.02%

6.81% 0.05%

251

19.06% EANIN W 7.79% 0.05%

0 25 50 150 250
1
EY! [GeV]

Joel Jones-Pérez ATLAS (1409.5542 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

8 TeV Search

Old searches for non-pointing photons were designed for heavy particles.

* Triggered using high pT photons.

x1072
84 1BKG | CR1 | CR2 I SR M [GeV]
° H i H ! ! ! I h
Non optimal signal regions. AL | | 7 10
: : : 30
6 ] 50
5 Gluon
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4_
3_
2_
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0 } T - T T T T
0 20 40 60 80 100 120

MET [GeV]

Joel Jones-Pérez ATLAS (1409.5542 [hep-ex])



Placing Bounds on New Physics with Displaced Photons

8 TeV Search

Old searches for non-pointing photons were designed for heavy particles.

* Triggered using high pT photons.

x1072

. . . 8- EBKG iCRl ECR2 ESR My, [GeV]

* Non optimal signal regions. T g g 10
! ! | 30

6- [ 50

Gluon
Fusion

Even if a photon pair from long-lived
Ny passed the energy cuts, and even if

they also had large t, and |Az, |, they .
are likely to be assigned to the 1 . .
background or control region. Thus, o T e T

MET [GeV]

this strongly suggests the 8 TeV search
is not optimal for studying our model.

Joel Jones-Pérez ATLAS (1409.5542 [hep-ex])
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