Some backgrounds (motivation) to pick-
up the papers

-- A little exploration to get a hint for new idea to BESIII data
analysis (not only these paper)

-- (my point of view) Graviton/Gravitino search has advantage of

-- One of hot topic now since the GW is detected recently

-- Since no new particle is found recently, DM papers assuming the
candidate of Gravitino/Graviton is increasing (I feel but no sure !)

-- Graviton/Gravitino can couple with photons that makes the search
“relatively” clean as mentioned in the paper and that is common
advantage for colliders.



Search for new phenomena in high-mass
diphoton final states using 37 fb™* of proton-
proton collisions collected at sqrt(s) = 13 TeV
with the ATLAS detector

ATLAS Collaboration, Physics Letters B 775 (2017) 105-125



Model

- Heavy Higgs of spin-0 -- extended Higgs sector
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* ATLAS ( CMS ) reported a bump structure around 750 GeV from
this diphoton search in 2016.



+ ATLAS ( CMS ) reported a bump structure around 750 GeV
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Event Selection

Data Set : total 36.7 fb! of pp collision, sqrt(s)=13 TeV, 2015/2016

Event Reconstruction (mainly described for photons):

-- Two photons of highest energies which record more than 40 GeV / 30 GeV
is retained.

-- “Tight” photon
-- Isolation from tracks

Event Selection :

-- For search of spin-0 signals, the transverse energy E; > 0.4m,_, for the leading photon,
and E;>0.3m,, for the second photon, where m_, denotes diphoton invariant mass

-- For search of spin-2 resonant and non-resonant signals, E;>55 GeV (for each photon)



Diphoton invariant mass distribution

-- Estimation of background components is compared with several methods. --
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Fig. 1. The diphoton invariant-mass distributions of the data are shown in the upper panels for (a) the spin-0 and (b) the spin-2 selections and their decomposition into
contributions from genuine diphoton (yy ), photon+jet (¥ j and jy) and dijet (jj) events as determined using the 2x2D sideband method. The bottom panels show the
purity of diphoton events as determined by the matrix method and the 2x2D sideband method. Each point in the distributions is plotted in the centre of the corresponding
bin. The total uncertainties, including statistical and systematic components added in quadrature, are shown as error bars.

consistent each other.

paper claimed that estimation of background component from 3 different methods is




Reference : Background channel to the di-photon events
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Diphoton invariant mass distribution
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Fig. 2. Distributions of the diphoton invariant mass for events passing (a) the spin-0 selection or (b) the spin-2 selection, with the background-only fits superimposed. The
data points are plotted at the centre of each bin. The error bars indicate statistical uncertainties. The differences between the data and the fits are shown in the bottom
panels. The arrows in the lower panels indicare values ourtside the range by more than one standard deviation. There is no data event with m,,,. = 2700 GeV.
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Short summary of this paper

-- The data are consistent with the SM background expectation
and no excess is observed around 750 GeV .

-- In the combined dataset (2015+2016), the largest local
deviation for spin-0 (spin-2) resonance search is 2.6c (3.00) ,
and global significance of this excess is null (0.8c) for each.

-- RS1 model with k/M;, = 0.1 is excluded below m;=4.1 TeV.



Search for supersymmetry in a final state
containing two photons and missing
transverse momentum in sqrt(s)=13 TeV pp
collisions at the LHC using the ATLAS detector

ATLAS Collaboration, Euro Phys. J. C (2016) 517



Model

- Model of Gauge-mediated supersymmetry breaking (GGM)

* Lightest supersymmetric particle (LSP) is the gravitino é
with a mass of significantly less than 1 GeV.

* Final states consists of
di-photon + missing transverse

momentum (its magnitude is E;™s)

Fig. 1 Typical production and decay-chain processes for the gluino-
pair production GGM model for which the NLSP is a bino-like neu-
tralino
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i, h—be 2egp 2h - 203 |& 0.4-1.0 TeV BRI —he/ )= 20% ATLAS-CONF-2015-015
Other Scalar charm, 2—cE! 0 2¢ Yes 203 |@ 490 GeV miE?)<200 GeV 1501.01325
L L L L L L L L I L L L L L
107" 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.




Event Selection

Data Set : 3.2 fb! of pp collision, sqrt(s)=13 TeV, 2015

Event Reconstruction : electron/muon/jet/photon...

Event Selection : two tight photons with p;>75 GeV

. Table 1 Requirements defining the signal region (SR) and the Wy y
i CR referred to in Sect. 6

' SR Wyy CR
H; : scalar sum of the P; of photons and 2 F“Tght 1;';0&?5 with 2 Tight photons with pr > 50 GeV
IeptOnS/JetS i 1 e or u with pr > 25 GeV
i Acpmin (jet, p-rl’-“'“} = 0.5 Agmin (jet, p?i“} = 0.5
- . . | EMSS 175 GeV 50 < EMS = 175 GeV
. miss —— CET T
meff: H; + E; Total E involved in o > 1500 GoV Nets) < 3

the GGM process | Mey ¢ 83-97 GeV

_____________________________________________________________



Reference : “loose” photon and “tight” photon

Category Description Name | loose tight
Acceptance [l < 2.37. with 1.37 < || < 1.52 excluded — v v
Hadronic leakage Ratio of Et in the first sampling layer of the hadronic  Rpad, v v

calorimeter to E1 of the EM cluster (used over the
range || < 0.8 or || > 1.37)

Ratio of Et in the hadronic calorimeter to Et of the Rypag v v
EM cluster (used over the range 0.8 < || < 1.37)

EM Middle layer Ratio of 3 X 7 p X ¢ to 7 x 7 cell energies R, v v
Lateral width of the shower Wy, v v
Ratio of 3X3 57 X ¢ to 3X7 cell energies Ry v
EM Strip layer Shower width calculated from three strips around the w;3 v
strip with maximum energy deposit
Total lateral shower width Ws tot v
Energy outside the core of the three central strips but = Fijge v
within seven strips divided by energy within the three
central strips
Difference between the energy associated with the AE v
second maximum in the strip layer and the energy re-
constructed in the strip with the minimum value found
between the first and second maxima
Ratio of the energy difference associated with the Erato v

largest and second largest energy deposits to the sum
of these energies

Table 1: Discriminating variables used for /oose and tight photon identification.

“measurement of the photon identification efficiencies with the ATLAS
detector using LHC Run01 data” (2016) arXiv: 1606.01813



E.Miss & m_ distribution of the di-photon sample
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Table 1 Requirements defining the signal region (SR) and the Wy y
CR referred to in Sect. 6
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Table 2 Summary of background estimates by source, and total
combined background, in the signal region. The uncertainties shown

Source

Number of events

QCD (v, vi. i)

e — y fakes

Wyy

Zyy

Sum

(mg,mﬂr) = (1500, 100)
(mg, miF) = (1500, 1300)

+0.20
0.0520s
0.03 +£0.02
0.17 £ 0.08
0.02 £ 0.02
0.22
027157
7.0
8.0




Results and C.L. upper limit

- After the selection, number of
events in the signal regionis 0
where as that of expected SM
background eventis 0.27

_____________________________________________________________

: Table 4 Numbers of events observed in the SR after the successive |
' application of the selection requirements, as well as the size of the |
. expected SM background

1
. Requirement Number of events |
1

E Two photons, p% =75 4982
" Admin(et, prs) = 0.5 4724
| mer > 1500 GeV |

| EMSS 5 175 GeV 0
‘ i Expected SM background 0. 2'}'_8 ]S
* By considering uncertainties, @
95% C.L. on the non-SM L
. = 2500 g—gl; plroclju?th,lgl—x?qgﬁTqu(szl)G {?GM y+E_r| FrlwallsllalT - |
IS 3 eventS. 8 . ATLAS s Observed limit (+1 Gf,ﬁi;:) |
¢ [ L=32m"(s=13Tev  ======" Expected limit (21 0,y,) -
' E 2000 — [ Excluded at L=20.3 fb", a's=a_T¢v_ —
* 95% C.L. on the 1500 — =
cross section 0.93 fb. o E E
Q 00 = E
Wlth many (Wldely accepted) 0 :' T AT S A T A ST NN A BN N N |‘.'|r"| L |‘.I‘|‘rr‘| T T A

1200 1300

assumption on SUSY model, ,,
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Short summary of this paper

-- No events in the signal region is observed where the SM
background is extimated to be 0.27 events.

-- 95% C.L. upper limit of 3.0 events (0.93 fb) on the number of
events (cross section) due to the BSM is obtained.

-- In the context of GGM model (with a bino-like NLSP) it leads
to a lower limit of 1650 GeV in the gluino mass.



Reference -- ATLAS-CONF-2017-080

Update analysis by using total 36.1 fb! pp collision at

sgrt(s)=13 TeV

Table 8: Summary of the observed number of events (Nyps). and the number of events expected from SM sources

lNggJ for each of the seven SRs. Also shown are the derived IS':’:Ds ) and expected [S?fpl model-independent 95%

CL limits on the number of events from non-SM processes, and the observed ((EU‘)OD\ ) and expected f(eo‘)g:PJ 95%
CL limits on the visible cross section from non-SM processes. The last column of the table shows the significance
Z of the observed excess (if any), and the probability p. capped at 0.5, that a background-only experiment is more

signal-like than the observed number of events in the given signal region.

Signal Region  Nyp NSM 5% S5, (B[] (eayB [1b] Zp
Ry 5(y0.30 +1.4 +0.039 5
SR;;L 0 “'m‘ﬂ%ﬁ 3.0 3‘17[]}_% 0.083 0.086 “o.003 0.00 (0.50)
SR i 0 0.487 455 3.0 3157 0.083 0.0867 005 0.00 (0.50)
%Rg L 6 3.7 +“1.q 8.6 S,Hj?‘g 0.238 0. 1(\1*3 :E_z 1.06 (0.14)
(i}
SRy_y I 2.0575% 3.7 44710 0.103 0.12270058 0.00 (0.50)
D7 1+0.54 1.6 0.044 25
SRy’ 4 13375033 7.6 47qu 0.210 0.130%5 181 (0.035)
SRLLm 8 2 (W::f":r 15 5.{}% 0318 0. m+§ Ei::: 2.36 (0.009)
pYl 2 6 '~ .
SR 3 L4866 59714 0.183 0.16270:03%  1.20(0.116)
aﬁproductlon gaqqx aqq(w’Z)G (GGM), "{(+E"”ss final state
S‘ 3500 [ T | T T | T T T | T T T T T _]
8 C ATLAS Prellmlnary Observed limit (+ Irf"u"v) ]
— - B Expected limit (+1a_,) —
753000 5= 1 —]
E‘H C (s=13TeV, 36.110 [ ] Excluded at L=32 ", {5=13 TeV
2500 - .
C JJB“ 7
2000 -
1500 — -
1000 -
500 -
0 C S ] T N AN ST S B RN I R
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my [GeV]



For BESIII --- Example

Chic2->etac(1S) + G(->yy) ?

e+e->(J/psi) >G+ G +y

Xc2(1P) DECAY MODES

xc2(1P) |

Mass m = 3556.20 + 0.09 MeV
Full width ' = 1.93 = 0.11 MeV

Fraction (I';/T)

p
Confidence level (MeV/c)

J/p(AS)nt 70

TL'O Tc

?}C(IS)?T+

','T_

< 15
< 3.2
< 54

% 90%
90%
90%

x 103
x 103

185
512
459

Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

LIGHT G (Gravitino) MASS LIMITS FROM COLLIDER EXPERIMENTS

The following are bounds on light ( < 1eV) gravitino indirectly inferred from its
coupling to matter suppressed by the gravitino decay constant.

Unless otherwise stated, all limits assume that other supersymmetric particles besides
the gravitino are too heavy to be produced. The gravitino is assumed to be undetected
and to give rise to a missing energy (¥) signature.
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Quarkonium decay into photon plus graviton: a golden channel to
discriminate General Relativity from Massive Gravity?
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Abstract

After the recent historical discovery of gravitational wave, it is curious to speculate upon the
detection prospect of the quantum graviton in the terrestrial accelerator-based experiment. We
carefully investigate the “golden” chanmnels, J/¢(T) — ~+graviton, which can be pursued at BESIII
and Belle 2 experiments, by searching for single-photon plus missing energy events. Within the
effective field theory (EFT) framework of General Relativity (GR) together with Nonrelativistic
QCD (NRQCD), we are capable of making solid predictions for the corresponding decay rates.
It is found that these extremely suppressed decays are completely swamped by the Standard
Model background events J/(T) — v+ vr. Meanwhile, we also study these rare decay processes
in the context of massive gravity, and find the respective decay rates in the limit of vanishing
graviton mass drastically differ from their counterparts in GR. Counterintuitive as the failure of
smoothly recovering GR results may look, our finding is reminiscent of the van Dam-Veltman-
Zakharov (vDVZ) discontinuity widely known in classical gravity, which can be traced to the finite
contribution of the helicity-zero graviton in the massless limit. Nevertheless, at this stage we are
not certain about the fate of the discontinuity encountered in this work, whether it is merely a
pathology or not. If it could be endowed with some physical significance, the future observation of
these rare decay channels, would, in principle, shed important light on the nature of gravitation,
whether the graviton is strictly massless, or bears a very small but nonzero mass.
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FIG. 1: Four LO Feynman diagrams for ca(33§”) -7+ 4.

but | feel, the conclusion of this article is not so much attractive. . .




