


About the speaker

1) - B.Sc. in Physics & M.Sc. in Particle & Nuclear Physics
from Athens (GR)
- Ph.D. basted at CERN, from Athens (GR)
[2012-2016] Supersymmetry searches (11, 2I) and more

2) Postdoctoral associate at Rutgers Univ. NJ (US),
[2016-2018] Diphoton search + HCAL service work and more

\ 3) Postdoctoral associate at Peking University (CN),
[2018-2020] Triboson searches (and more to come... soon!)

- Always at CMS experiment [~2008 - till present]

- Large outreach & science communication activity (guides etc)
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In this talk - Outline

Gy 1) Motivation for a yy search

v(v)l  2) Reconstruction and event selection

3) Signals’ generation, simulation & features;

BSM MC samples, datasets and triggers used
SM " '\;/'vv 4) (Data-driven) Background estimate
5) Systematic uncertainties treatment
T 0 6) Results’ interpretation, limits for 2 models
Vie :
‘L‘\o(;g@ : 7) Diphoton next steps and overview

—> Diphoton paper accepted at PRD: arXiv:1809.00327v1 (CWR review and by PKU)

—> This includes also a search for resonant signal
- CMS “coordinates”. EXO-17-017, AN-2017/030, AN-2017/206
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https://arxiv.org/abs/1809.00327v1
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* Muiggs: renormalizable 2 Myiggs® = Mpare? - [ #M\? £ ... ] = 1252 GeV?
New Physics at: A ~102-1018GeV €< -> “Hierarchy” or “Naturalness” Problem
Neyi~1018 GeV, Pl.-scale: 1252 = 12345678901234567890123456789012345 — 12345678901234567890123456788996720
* Unification GUT? Gravity QFT? 25 free parameters, 3 fermion families, why?
Atoms Dark
° 4.9%

Also shortcomings in Cosmology: Dark Matter, Dark Energy Energy

Dark 68.3%

Matter

- SM looks “effective” rather than fundamental theory e
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SM shortcomings indicate some kind of BSM physics (at least at Plank scale):

Large Extra Dimension — “ADD” [Arkani-Hamed, Dimopoulos, Dval]l ~ Continuum Clockwork

» Bulk consisting of [3+1] + ngp Extra Dimension (ED) » Coincides with a 5D

« ED compactified with average radius R gravitational theory

« SM confined to 4D brane, gravity throughout bulk « Mechanism that can

« Gravity’s strength comparable to the rest forces but take large effective
dilutes in ED interaction scales from

- Effective Mp ~TeV-scale: Mp;° MI%;EZM)R" dynamics occurring at

» KK excitations of gravitons (Ggk) decay to SM particles much lower energies

(arxiv: 161007962)
These models are:
—> Solving hierarchy problem m
by modifying the eff. PI. scale

= Introducing ED & graviton f

KK-modes -

(v)

SM ------ M )

- Can be visible at 'I?eV-scaIe, through KK graviton modes,
leading to SM (non-resonant) discrepancies in yy final state
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CERN, LHC, pp beams & CI\/IS

1 -

| ~
~ 5

T

I189%

CERN'’s Accelerators Netwo
e« LINAC2 - 50MeV
. PS-Booster > 1.4 GeV
« PS-Rink > 26GeV

LEP/LHC

ﬁ th Area p p (proton) PP (antiproton)
) ion <~ proton/antiproton
D neutron ) neutrino

.- SPS > 450 GeV
« LHC 2> 7TeV i 2

LHC Beams: , _

* 2x7 TeV ppbeams =14TeV, e ke — . LHC: 26.7 km, 40-175 m bellow ground

« L~103%sec’'cm™ « 1232 dipoles, 392 quadrupoles, 2x8 RF-cav
« ~2800x2 p-bunches, « B=8.33T, I~12 500 Ampere,

« 25ns, 7.5m spacing * NbTi supercond. T=1.9 K =-271.3 C° (He)

* 4 collision points: ATLAS, CMS... PU~25-50
* 40 M bunch-x-ing/sec - 800 M pp collisions/s

detector

S
O e Bunch Cross
‘:j* =~ Proton Collision
N Parton Collisions
8 = New Particle Producti Sy i
ew Particle Production S
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CMS Sub-detectors (a glance)

Muon chambers

Pixel
>>>>> *
SiStrip””// s il
Tracker & Iron
yoke i)

) 111]“ ‘Magne /) )

Pixel & Silicon Tracker
- 70M pixels

- “e-holes” pairs—> signal
- |n|<2.5, 2.4 (hits:11 barrel)
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ECAL (e,y) Solenoid Magnet, Iron Yoke

- Lead Tungstate o N i
- 76k crystals PbWO, - NiTi, T~1.8K, I~19kA, B~4T

~0.9 cm, |n|<3

Muon chambers:
- DTs, CSCs, RPCs,|n|<2.4
- Argon-based gasses

HCAL (p%,n,m,K,A...) _ _
- HB, HE (16 leyers), HO, HF  Trigger:
- Plastic scint.:Quartz fibers - L12HLT=>DAQ

- Brass(Cu-Zn) absorber - 4A0M-=>40K>~100 ev./s
- Xo~1.5¢cm, |n|<3 - Store:Tier-0-1-2->GRID...
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Triggers:
* Use HLT DoublePhoton60

"or” HLT _ECALHTS800 for main analysis

* Use HLT Ele27 WPTight Gsf
for Z—e*e- control sample

(energy scale and efficiency measurement)

» Diphoton vertex identification:
Use H—yy BDT discriminant

Photon identification (high-pty ID):
1) Oinn < 0.0105 [0.0112] for EB
< 0.028 [0.03] for EE
2) H/E<0.05
3) lIsoom < 2.75(2.0) GeV for EB(EE),
correction for “pileup”
Isocy < 5 GeV
in a cone: AR = /(1 —11,)2 + (¢ — ¢)?
CSEV: applied
(conversion safe e* veto)
Ro> 0.8
3x3 ECAL cluster E / Seed crystal E

4)

5)

6)

26.9.2018

Event Reco. & Selection s

[2016 DoubleEG data, 35.9 fb]

T

.. CMSPreliminary L=35.9fb" (s=13TeV
g | *

— 0000004099 ,9 9 999999 —
o | e ]
§ 1 e
= - .
W os- : .

-

. i Efficiency ~100%| -
ot for pr(y2)>75 Ge) ]
ol :  measured with

- iHLT_DoublePhoton40

B []
Mlil\\\\‘\\\\‘\\Illlll\l\\\\‘\\\‘ L

1 L1
QJ 100 200 300 400 500 600 700

Subleading Photon P, (GeV)
Kinematic selection:

N~

1) NY >= 2, n ;- —1In [t.an (g)}
2) pry> 75 GeV, 1= oms
3) [nyl: [0, 1.4442] or T o
[1.566, 2.5], [z
4) Atleastoneyin EB ol
> EBEB, EBEE Ll P —
5) M,, > 500 GeV
EBEB EBEE
Nyl
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Photon ID efficiency measurement -

« Use MC Z—e*e  events and SingleElectron dataset
* Photon ID eff. measured with: “Tag & Probe”
- Tag :tight e*-ID + Mg cut
- Probe: loose preselection + analysis ID with inverted CSEV

CMS preliminary
' T

=

"'IIII|III|I\\|III.IIIIIII

0.9

Efficiency

0.8

0.7

= -4 - :Simulation: DY — ee

0.6

—o—éData | 0.6F ——#=—..Data

0.95F

0% 0 400 600 800 1000

Scale factor

 Scale Factors are flat vs pr, and are compatible with ~1 (no trend within stat.)
- Uncertainty per leg ~3% (averaging last 3 bins)
—> Total sys. uncertainty attributed per event: 6%

26.9.2018 Myy search - Antonis Agapitos 8
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Ttotal = O +—fa- + —0 F = (HLZ),
of SM+ADD process: “total SM Mt M8 ADD 2, if ngp > 2
:t% (Hewett),
« Parametrization: 3 1 \SM+HLZ(ngm2) e 3 HLZ(ny=2) "
Ms: UV cutoff scale, S 1 ] 2T e
. . - ' — M54000 ] & —MSs-4000 |
Nep :number of extra dimensions. g e ]
Lﬁ i ; —msasooi Lﬁ £ ~— MS-4500 ;
* Include the interference term ‘02‘{ _ cwm] T w0 ]
- production “SM+ADD” & “SM-only” o<+ R e TS -
- Use SHERPA (LO) to extract ADD. . T : 5 U
0 2000 4000 = 6000 0 2000 4000 6000
M,, (GeV) M,, (GeV)
C. Clockwork:
« KK modes all on-shell = no interference 10f EBEB + N ——————
M= 1 k'=1000 Gev i s g k=1000 GeV |
« Use ADD sample [CMS central production] 3 e e kozmce
(O k = 5000 GeV -1L B eV
- translate in CW > write the x-secs as: 810 "y 10 e
2/ 1 a/72 ) 8" 107
— c .. 3 -3 L
UHewett = —pg—Vint T —g~UADD| (0ApD) _ OGRW + 5 OHewett 21 o
S S > 3 > 10 10
UGRW = ngnt + WUADD This direct term is scaled by 1000 2000 3000 4000 5000 60001 1000 2000 3000 4000 5000 60C
° ° a factor to form CW signal My, [GeV] M, [GeV]
[Use only the range M,, > 0.9 TeV]
26.9.2018 Myy search - Antonis Agapitos 9

Signal MC: ADC

Total cross section

f2

“F-conventions:(

) & C. Clockwork

1 (GRW),
lOg ( ) , if Ngp = 2
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Two different types of BKG mainly contributing:

1) prompt (real) yy

* Irreducible prompt SM diphoton “yy”
Generated using SHERPA 2.1.1, CT10 PDFs set

- Box process

—> Born process with up to 3 additional

final state jets/partons

9 AAYAVAVAV AR
A
g AVAVAVAVAVER)

« NNLO contribution calculated using the MCFM and$ io°L
corrected by reweighting events at m,, gen-level

« K factor: MCFMNNLO / SHERPA function of my, used
to reweight simulated prompt diphoton (SHERPA)

events for prediction.

-~ K factor ranges: ~1.4-1.8 for m\,<2 TeV EBEB

26.9.2018

2) fake jy, jj

AVAVAVAVAVER)

Myy search - Antonis Agapitos

vy real background prediction

do/dM., , [pb/GeV]

-
S
(%))

Co
Barrel-barrel + MCFM (NNLO)

EBEB MCFM (NLO)

'
¢ MCFM (LO)
t

Sherpa

1078
107 E
3F
02?2 g
55 18 e
0 1000 2000 3000 4000
m,, (GeV)
= \ T T T3
§ 104;E:$=. Barrel-endcap ¢ MCFM (NNLO) E;
= ) EBEE ¢ mcemnio)
S %,
s 0 4 MCEM(LO) =
° E !

¢ Sherpa

1000 2000 3000 4000
m,, (GeV)
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%y Fake BKG:yj, jj - Rate & estimate ™

[T 1)

Fake BKG vyj, jj. Events where 1,2 jets with large EM activity fake a “y”, typically 1m0,n9
number of jets passing high pt ID

number of jets passing denominator definition
« Measure FR in a jet-rich dataset [JetHT, DoubleMu] as a function of py,, EB, EE
« Use FR to reweight data to estimate the fake BKG: M,,Fake

 Define the: Fake Rate (FR): f=

2 F T ;' ASIOSIANG:
Numerator - must have only fake objects s “F - ro g
1] g ] . ~N hagl L mbined fit E
« Use “fake-sensitive” template variable Oy g PSR, e
g [ <lIso,, <10GeV ]
* Real template from MC ~ 5 PO
+ Fake template from 5<lsocy<10 GeV sideband| S «k 1
« MLE-fit in data to get # pure fake ]‘ | w -
. - inin
numerator ObJeCtS - 10 001 oot 0.02 0025 0.03
M Froliminary L=38905"_ e13TaY, o CUS Proliminary | =350 7 fonta ToV.
0.2F r ]
Denominator = y-like obj. in a loose sel.  onf EB o5 EE -
- Pass CSEV 2o 1 5
. mO'M}_ —50'4? %
ISOCgO:RO.2 pT E‘sz? 20-3} \% JT\\\\‘ R
* Iso, < 0.2 pt (2 GeV) EB(EE) © ER: F(or) = po+ FL
0.08F <02 P2
« H/E<O0.1 006/ ] PT
- Fail at least 1 "y ID” cut (orthogonality) oo 1 E
0.02= . . .| | | | | | - [ N T I

o

100 200 300 400 500 600 % 100 200 300 400 500 600

Photon P, (GeV) Photon p_ (GeV)
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35.9fb™ (13 TeV)

RS B DL BLELEL BLELLE LA ELELIE
EBEB + Data ]
E

. vy pre-fit prediction 3

.J'Y,jj pre-fit prediction -
..... |

.....

+ (Data-Prediction)/cg,; -
B $10gys ! Ograr

m,, (GeV)

EBEB Pre-fit [1-1.5] TeV

Pre-fit Predicted Spectra

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

EBEB Pre-fit [1.5-13] TeV

1T

359" (13 TeV)
% SRS ALES AL N N B BLELL BLELEL BLALELE B AL B
o Lk CMS EBEE + Data -
‘C_’ . vy pre-fit prediction 3
7)) L e
<QC-J-1 0? . iy, ii pre-fit prediction
>
L

-
o

......

107"

+ (Data-Prediction)/cg,,; -
B #1045/ Ograr

Pull

t

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
m,, (GeV)

EBEE Pre-fit [0.5-1] TeV EBEE Pre-fit [1-1.5] TeV EBEE Pre-fit [1.5-13] TeV

EBEB Pre-fit [0.5-1] TeV
1173, 69. 14, 1760. 102. 17.
Yy %) Yy ) Y ) Y 8 %) i %) LA )

» This pre-fit prediction consist of the 1st of the two “layers” of our prediction
* The 2nd and final predictions comes from the marginalization of nuis. param.
» Good agreement in general (apart from a weak trend at [0.5-1] TeV EBEE)

26.9.2018

Myy search - Antonis Agapitos
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The Approach:
- We attribute a nuisance parameter to each source of uncertainty

« Perform “Bayesian Marginalization” (MLE fit) to the data to extract posteriors
 Fit (dominated by low M,y) constrains the tails’ sys. unc. - Post-fit M,, spectra

Prompt yy BKG:
* Normalization: float arbitrarily - absorbs uncertainties in higher order terms not
included in our NNLO K factor; _CMS Preliminary Vs=13TeV L=359fb" CMS Preliminary VYs=13TeV L=359fb"

0.4 0.4

Yields

I o o C EBEB EBEE
a bSO rbS Lu mi 2 . 5 A) ’ Y-I D eﬁ 6 A) 935w Fake normalization & datasets 35w Fake normalization & datasets
. . . - Fact. renorm. scales [ Fact. renorm. scales
hd Sca I e Va rlathnS . IJ rs ”f 0.3~ [ y-ID efficiency & luminosity 0.3 W y-ID efficiency & luminosity
Il Total 'envelope’ of all PDFs

- I Total 'envelope' of all PDFs
I —— Post-fit Total Sys. unc.

—— Post-fit Total Sys. unc.

(|GSYS|) / Total

o
)
33}

.25

on K-factor calculation
 PDFs: 26 NLO CT10 eigenvector o
pair variations using DIPHOXNLO  o.sf
« Shape difference in MCFMNNLO
and MCFMNLO and DIPHOXNLO

Fa ke BKG £00 1000 1500 2000 250?“y y [Ge:’{?]( 500 1000 1500 2000 2509ny [
* Normalization 30% uncertainty (pileup, non-closure)
» Shape differences in fake rate from JetHT and DoubleMuon datasets

0.2

0.1

3000
eV]

MC signal:
* Lumi. 2.5%, y-ID eff. 6%
 PDFs: 26 NLO CT10 eigenvector pair variations using DIPHOX at NLO

26.9.2018 Myy search - Antonis Agapitos 13



Nuisance param. Posteriors & Corr. -

Mean  0.2137
001 _ [ —— EBEB +1g var. / default
b —CTI0Vecll | ey 09497 | "°°F —— EBEB-1ovar./ default

We use in total 35 nuisance parameters. o o, oo o
A few examples of posterior distributions are: et

Ears
1 o

0.004- 0.08L

« Atypical example (over 26) from the PDF > o ose
posteriors (are gaussian-like) R R
02 oo (Mean  0.03883| OM4FT T ean  0.2494 °-°“W °‘°“’W
oo orm_gg BB @ ev 005225| s orm_gg_BE th Dev 0.1168| ooz Norm-Fake ! (Bsﬁtd Dev  0.933 :::f_ orm_Fake_| %ﬂtd Dev_ 07993
 Four normalization ore tN EI § o 1
nuisance parameters - 3§§ ] ] ] o ;
(spike-like for real-yy) e P e S d
L . 004 _F R Scales | | Mean  0.2285 1‘35 —EBEB +1o var./ defaul
« Scale variations y,, ys on K-factor calculation> . Sulbev 088U | st TEREE o e
. Correlation Matrix: ot ;
ng:%%g% L S B s e %Ww

1

Norm_gg_BE 0.8

Norm_gg_BB & 0.6

CT10vec24 Norm_Fake_BE

0.4
Norm_Fake_BB

0.2
NLO_EBEE

NLO_EBEB 0
EE_FakeTemp

-0.2

EB_FakeTemp

CT10vect

3
N%'*"‘Lsg R"‘%%a

26.9.2018 Myy search - Antonis Agapitos 14
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Post-fit Predicted Spectra

35.9fb™ (13 TeV) 35.9 " (13 TeV)

> T T T T I T T T I T T L I Ll T T l T T Ll I T Ll T I T T T l T T T l T T T I T T I: > T I Ll T T l T T Ll I T Ll T I L T T I T T L I T L Ll I T Ll T I L T L] I T L L I L T I:
8 CMS EBEB ¢ Data - 8 CMS EBEE ¢ Data -

3 - 3 -

o10 [P vy post-fit prediction 5 o10 [ vy postfit prediction 5
o B iy, ji post-it prediction 3 S B iy, ji post-it prediction 3
51 02 -+ HLZ ngg=2, I\_/IS=8 Tev ) —;. 51 o2 -+ HLZ ngp=2, I\_/IS=8 TeV ] ?'
C — - Clockwork k=0.1 TeV, M5—10 TeV 3 c — - Clockwork k=0.1 TeV, M5-10 TeV 3
g 1 9 3
L n L .
10 3 10 =

1 1 R

107" 107"

= 3F° ' ' ' ' ' ¢ (Data-Prediction)c..,. = 3F ' ' ' ' ' ¢ (Data-Prediction)/o..,.
E 21 I 21055/ Ograr A E 21 + I 105y / Ograr AT

0 1 t I + + |
a + A S LI I Y
_2 ) + ]
_3 . 1 1 1 1 1 1 1 1 1 - _3 . 1 1 1 1 1 1 1 1 1 -

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

m,, (GeV) m,, (GeV)

EBEB Post-fit [0.5-1] TeV EBEB Post-fit [1-1.5] TeV EBEB Post-fit [1.5-13] TeV EBEE Post-fit [0.5-1] TeV EBEE Post-fit [1-1.5] TeV EBEE Post-fit [1.5-13] TeV

1176. 70. 13. 1972. 108. 17.
n %) m ) m ) n a%) M %) LA %)

» This Post-fit prediction consist of the “final layer” of the two of our prediction
« (Good agreement within uncertainties.
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ADD: no indication of a signal
« We set upper limits on signal strength = lower limits on Mg (UV-cutoff scale):

Signal: GRW Hewett HLZ
negative  positive ngp=2 ngp=3 ngp=4 ngp=5 ngp=6 ngp=7
Expected: 7.1%37  55t0%  6310¢  84t13 84108 71t07  6470¢ 60108 56708
Observed: 7.8 5.6 7.0 9.7 9.3 7.8 7.0 6.6 6.2

* OQObs. limits are ~10 stronger than the exp. (data under-fluctuation >2TeV)
« Better by ~0.9 TeV wrt ATLAS limits: arXiv:1707.04147 (see back up slides).

359" (13 TeV)

. _ﬁmm'o— S\102_ T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII
s :ﬂ e 2 | CMS  95% CL exclusion limits on k-M; space
3-305 o sz ;, - — Observed limit
: . : 3 o™ o o L ---- Expected limit
« Signal injection testsz . =l [ = 1 5td dev
. E + 2 std dev
ShOWGd NO bIaSGS . 20;_ H LZ L Nonperturbative regime (k > M5)
15;— nED=2
1of- —_
Mg=7TeV |
oj L

Continuum Clockwork: “(Mean - 1) Io
 Perform marginalization over my, > 0.9 TeV
(due to poor statistics of the ADD model used in

Signal COnStrUCtiOn)l 1- 1 1 IIIIII| 11 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 111
* For k=100 GeV we exclude I R A A (oY)
up to |V|5 <8 TeV Ms: defined in the GRW convention,

Ms: fundamental scale of the grav. interactions
k: ‘clockwork spring’
26.9.2018 Myy search - Antonis Agapitos 16



BSM
n
SM M,

RS graviton (warped ED)

- one extra dimension

- compactified with r,

- curvature k

- scales masses in 4D as:
m = e

- scaling Mp, ~TeV-scale
(kre ~ 11-12)

—krert

mo

107

—_ 10 — T T T T T \ ]

€ - CMS % =0.1,J=2 3

; - = Expected limit -

1 I +1stddev i

® + 2 std dev i
—— Observed limit

T oaE —- 61 (L0)

Q »

N -

©

35.9f7" (13 TeV)

T

5x10?

26.9.2018

3x10°
mg (GeV)

2x10°

« SM BKG parametrized as: g(myy) =m

—_

Events / 20 GeV

(data-fit)/o g,

Exclusion limits for Resonant signal _-

Zamy
o

Having a look at the same data (very similar
selection) for a narrow structure:

a+b log (i)
Y

- 2 param. treated as unconstrained nuisance
param. in the unbinned maximum likelihood fit.

35.9 fo' (13 TeV)

CMS t Data .
0’k EBEB —— Fit model =
E + 1 std dev 3
s E
10 =
i W{ b
1 I %
5 E
03 \ \ \ NJH l{ f H% |
} ! [ IT ‘ 1
20 7
500 7000 1500 2000 2500
m,, (GeV)

35.9 fb! (13 TeV)

> T T T T T

5] 103E CMS { Data

P EBEE Fi 3

< —— Fit model :

E 102 + 1 std dev -

o 3

i f ]
10 t =

-

T lIlllHl T IlIlIlII T lIlIIIII TTTIT

N

(data-fit)/,,,
o

+

'
N
T

;- | ;
e

2500

95% Limits set using: Asymptotic CLs method

Much more on our paper:

a

(J=2, J=0, EBEB/EBEE breakdown, various ['/m,)

Myy search - Antonis Agapitos
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rXiv:1809.00327v1
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< X3 L §
o fa - - N Xi
':;: Raw con 1Pparison Reso-vs-NonReso >

s o

CMS Preliminary Vs=13TeV L=359fb" CMS Preliminary Vs=13TeV L=359fb"

> F = > 3
8 B EBEB + Data n 8 EBEE + Data N
8 10° - 8 10° |
T E vy (NNLO) Pre-Fit 3 T E vY (NNLO) Pre-Fit 3
n [ ] o [ ]
% 0 yy Post-Fit - ‘GE) 0 vy Post-Fit -
> = 3 > = =
woE . Resonant fit 3 woE . Resonant fit 3
10 _E ? 10 _E —+— ?—
- & ] - \{ .
1_E —— E_ 1_E —— Kp— —— E_
107" - 107" =
El 1 I 1 1 1 1 I 1L 1 1 1 I 1 1 1 1 I 1 1 1 = EI I I I 1 1 1L I 1 1 1 :
¢ (Data-Pred)/cg a7 3 ¢ (Data-Pred)/Ggpr 3
B 165y / Ograr 3 B £10gy5/ Ograr =
*2 Ogys/ Ograr 3 *2 Ogyg / Ograt 3
+ I 1 1 + I 1 E + T E

500 7000 7500 5000 5500 3000 500 7000 7500 5000 5500 3000
m,, (GeV) m,, (GeV)

The two approaches/methods for M,, spectra are in a good agreement
« Good agreement up to ~1.4 TeV
« Small deviations above ~1.7 TeV where we have poor statistics.
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ADD Exclusion limits for yy + yuy + ee |~

CMS combined the three channels to set stronger limits
 Similar klnematlcs/selectlon 4 M blns I\/Lugfb @'\Il'ev for dllepton BB/BE393\( ents,

04+ 1 ! 'Dat
_&_\
\ 28

i .

03 .

I, tw, WW, WZ, ZZ, 1t
[ ]Jets
— Cl, A =10TeV,n =-1

) I, tW, WW, WZ, ZZ, 11
10 [ ]Jets
— Gi,p(GRW,A;=6TeV

Events / GeV
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02+ 1
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N_:':
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« Systematics: yy—=> 35 nuisance param. ee+uyu—> 13 nuisance par. [Uncorrelated]
359fb (13 TeV) 359fb (13TeV)

= 181 | T T T T < 181 T T 1 T | ]
()] - CMS 95% CL expected lower limits ] () - CMS 95% CL observed lower limits ]
|:. 16 — - b 16 — -]
= :_L adingorder CMS ee+pup (8 TeV) _: - :_ Leadingorder 77 CMS ee+pp (8 TeV) _:
g 14 I Prior flat in signal strength e CMS ee+pu (13 TeV) . g 14 - Prior flat in signal strength e CMS ee+pp (13 TeV) 1
—C' 12F CMS 7y (13 TeV) = —C' 12F CMS 7y (13 TeV) —
(@] C —— ] o C —— ]
‘B 10F CMS ee+up+yy (13 TeV) = ‘»  10F CMS ee+pp+yy (13 TeV) 3
=2 C 1 2 C - == ]
S 8= 4 £ 8= -
L I — ] Ll o ]
6 TR — 6 —

4 5_ ....... —: 4 : ............................................. _:

2f Expected - 2F Observed s

ot | | | | | L | . ot | | L l | L l n

A; Mg A=+ Mgn=2 Mgn=3 Mgn=4 Mgn=5 Mgn=6 Mgn=7 Ay MgA=t+ Mgn=2 Mgn=3 Mgn=4 Mgn=5 Mgn=6 Mgn=7
(GRW) (Hewett) (HLZ) Model Parameters (GRW)  (Hewett)  (HLZ) Model Parameters
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e"umb% g W\
Summary / Conclusions =

» A search for BSM physics in diphoton final state has been performed.

« Non-Resonant signatures probed T
at the tail of M, distribution:

1. ADD with 2,3,...,7 large extra dimension BSM
(HLZ, GRW, Hewettt) SM N7 M

2. Continuum Clockwork model

* No indication for BSM physics observed
- Set exclusion limits at 95%CL
- The new limits improve current best in yy Final State

« Combination with ee+pu - better sensitivity improving by ~0.4TeV the Expected
(Observed lim. still dominated by diphotons)

» Graviton / BSM physics strongly constrained at yy FS,
- But new idias coming up with 3y: :

~o /’/ Y
Tri-boson, Di-resonant, coming soon — stay tunned! ¢ \og(",\:©

Ykk

Thank you for your attention, interest, and hospitality!
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ADD Gy BRs o

TABLE I. Branching ratio for the massive graviton to SM particle with [ = e, u and ¢ = u,d, s, ¢, b.
channels| HH | gg vy (WTW—| ZZ tt qq | It~

Br (|2/293(96/293(12/293| 24/293 |12/293|16/293|90/293|12/293

L S B S S B S R R R R R

04r —
. :

03 qq —

i

o 02 —
- .' -

o1 ! .

L .,' o« 1
N

B TSRS URPY - -t-rie

i ’,,,* Noryy hh

0.0 ."'l-'f":.-_-'-f.‘-l ---------- | L n
200 400 600 800 1000

M(;(GCV)

FIG. 3. Branching ratios, where ¢ = u,d,c,s,b and | = e, u. We have Br(G — ll) ~ Br(G — IT)

as shown above.
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v-ID, variables

1 7

€ 0, the 2" moment of the cluster about its average “n
5x5 5
Z (0.01757; + Hjgpod — 5x5)~ X Wi .
iy = — — ; wi = max{0.0, 47 +1In E515}
X

) Wi
i

EMgg

position:

« Oinin

>

e i is the enumeration index of a crystalina 5 x 5 array centered on the highest energy

crystal,
e 7; is the pseudorapidity of the i crystal,

® 1seed 1S the pseudorapidity of the seed crystal,

® 7J5x5 is the average pseudorapidity of the crystals in the 5 x 5 array,

e [, Esys are the i-crystal and the full 25 crystals energy deposites, respectuvely.

€ R, = 3x3 ECAL cluster Energy / Seed crystal Energy.

Detector region x [GeV] | A K
_ [7sc| < 0.9 0.99 0.15 | 0.0016
@ p-Corrected Iso: 0.9 < |ysc| < 1.4442 | 099 | 0.13 | 0.0016
T _ _ 1.566 < |sc| <2.0 | 0.77 0.093 | 0.00075
Isoy = a + Iso, — pA — KkpT 2.0 < |isc| < 2.2 0.77 0.15 | 0.00075
2.2 < |nsc| <25 0.77 0.21 | 0.00075

26.9.2018 Myy search - Antonis Agapitos
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p-Corrected Iso

The presence of additional pp interactions in the same bunch crossing, known as “pileup’, will
increase the energy deposited in the calorimeter and the detector occupancy. It has been shown
in the resonant diphoton analysis that pileup only appreciably affects the measurement of pho-
ton isolation. The photon isolation is rho corrected using the ‘fixedGridRhoAll’ rho value from
the MiniAOD. There is also an additional correction based on the photon pr. The definition of
the corrected photon isolation Iso,, is summarized in Equation 8

Iso, = a + IS0y — pA — kpT ®)
where Iso, is the uncorrected photon isolation, A is the effective area, « is a coefficient giv-
ing the pr dependence of the correction, and « is an empirical constant chosen to make the
corrected isolation peak near 0. The parameters &, A, and « depend on the supercluster pseu-
dorapidity |7sc| and are listed in Table 7.

Where appropriate, variables are corrected for data/MC discrepancies. This is the case regard-
ing Eﬁ a so-called “stochastic correction” was used. Details on the this correction can be
found in Appendix A of [19]. In addition, we apply the 8_0_X version of the standard EGamma
energy regression as well as the energy smearing and scaling corrections to MC and data, re-
spectively.

Detector region a [GeV] | A K

1sc| < 0.9 0.99 0.15 | 0.0016
0.9 < |nsc| < 1.4442 | 0.99 0.13 | 0.0016
1.566 < |nsc| <2.0 | 0.77 0.093 | 0.00075
2.0 < |gsc| < 2.2 0.77 0.15 | 0.00075
2.2 < |nsc| < 2.5 0.77 0.21 | 0.00075

Myy search - Antonis Agapitos
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ADD x-section

Using Eq. (6.175), one can calculate cross sections for various processes relevant to
collider experiments. For instance, the cross section with two photons in the final
state is

2
do = T ) t % t
== N [an Gy (S) + v G, (s)] (6.176a)
do r s t
E(gg = yy) = EFSSG; (;) (6.176b)

where G; ~ G, are given in Appendix C [467]. A similar expression can be obtained
for ff — ff. A generic form often used for data fitting for the sum of the SM and

KK processes can be written as [593]

2
d’c F F
dcos 0*dM = Jom + Jint (M“) i (M;)

S

1 GRW [467]
e (6.177)
In= §=2
. { D HLZ [594]

= —_— o> 2

5—2

24 = iz Hewett [595]
L T T

€ Taken from: Nagashima, Beyond the SM of Elementary Particle Physics.

Myy search - Antonis Agapitos
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AN-17-030

S ——

| Analysis Note

Search for a Non-resonant Excess in the
High-Mass Diphoton Spectrum at 13 TeV

Hoghes . Kol C Wet. T Unersty

Outline

AN-17-206

e

—

PAPER EXO-17-017

* Analysis Note

Search for high-mass resonances in the diphoton
channel (full 2016 dataset)
T S - ——

......

SM "\ Mvv

* The goal of these “twin analyses” is to search for evidence of BSM physics in
pp = Yy events using M,

26.9.2018

Search for non-resonant signal: > ADD extra dimensions -
- Continuum clockwork -

SM

-,

1) Reconstruction and event selection
2) Signals’ generation, simulation & features;

MC samples, datasets and triggers used

3) Background estimate

4) Systematic uncertainties treatment

5) Results interpretation / limits

Myy search - Antonis Agapitos
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Myy BKG Determination - Fit

_ a+b log (1)
SM background parametrized as: g(mw) = Moy

- 2 parameters treated as unconstrained nuisance parameters in the
unbinned maximum likelihood fit.

|
3
||
N
‘l
) ”

5
Q‘I)
E 0
S
S -2f1 i
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
m,, (GeV) m,, (GeV)

No statistically significant structures on the data
—> No indication for BSM physics.

Myy search - Antonis Agapitos

CMS Preliminary 35.9fb" (13 TeV) CMS Preliminary 35.9fb" (13 TeV)

> S L L L B > I L B B I
8 ¢ Data 8103: ¢ Data
o10° L EBEB —— Fit model o F EBEE —— Fit model Z p4
e N o + 1 s.d. p$R
) , : ‘.@102 = T .a.
&0 F s
U>J = LI>J - p

10 10 3 o
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Signal MC: ADD (x-sec, production) -

(
- Total cross section of SM+ADD process: 1 ((GRZV;/)
F? Fo log , if ngp =2 (HLZ)
Ttotal = OSM T+ M —~—10int T M ~87ADD 2 if ngp > 2 /
| £2  (Hewett),

« Conventions for F: GRW, HLZ, Hewett
Our parametrization: Mg: UV cutoff scale, ngp :number of extra dimensions.

* Include the interference term - production “SM+ADD” and “SM-only”
- Use SHERPA (LO) to extract ADD signal.
(Computationally not feasible to include additional final state partons into SM+ADD)

> 108 7 1 T T T T 4 > F T T T T [ T T T A
- HLZexample > & = &M+ HLZ(ngp=2)7"e @ ¢ HLZ(ngp=2) ~"** -
. . . . g T 1? . g E
similar with the rest 8 1= el @ A
E) ' —Ms-4ooo§ _,\‘:Q — Ms-4000 |
c cC10 ' _
« Scan parameter  210°F —wsasos OO — gm0
L . L ]
Space: 10 51 — MS-5000 | ) — MS-5000 |
| E E 107 -
MS: 3-11 TeV F — MS-5500 — MS-5500 E
NeD. 2’ 3’ Tt 7 10_3; o\ — MS-6000 10° L — MS-6000
I T ﬁ A S -
10_4 E : . : ‘ . L +‘ 4 + ' .’.‘.' 3 L I ! | | | | i‘k | 1
0 2000 4000 6000 0 2000 4000 6000
Mw (GeV) YY (GGV)
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Signal MC: Continuum Clockwork =

3 ‘pm
£ -
Fﬂ ~

e

I189%

* Use the ADD sample [CMS central production] - to translate in CW

2
. F M;: defined in the GRW convention,
Ctotal = OSM + 4 — Oint 1 g ~——<UADD Ms: fundamental scale of the gravitational interactions
M M k: ‘clockwork spring’, (Perturbativity constrains k < Ms)
r -1
- . . 30M¢ ko 52-7-17 (. k \° [myy
* Direct term can be rescaled by: [e<mW k)m,/l e |1 (1 mw) J
Write th o /LA
. r X- : Hewett — —— ;7 Vint ADD
e the x-secs as ewe ME T A UADD)  OGRW T 5 0Hewett
and extract direct term 1 ! > B I~ 52
OGRW = M ~— 7 Vint T ME —5UADD S T
v, This direct term is scaled by
385 1" . the factor to form CW signal
: 38.5fb
1 O ? EBEB CMS § EBEE Barrel Endcap CMS
E Barrel Barrel Simulation L M;=10TeV Simulation
F Ms =10 TeV B
> 1 E k=500 Gev 1 c k =500 GeV
8 g | i 20w e
-1 —1 —f— k =3000 GeV
O 10 10 % sk = 5000 GeV
) of
5107 107F M, =10 TeV
. N k =500 GeV
210 3 10 F ek = 1000 GeV
o : —4— k =2000 GeV
107 ¢ 10 ¢ —f— K =3000 GeV
- ek = 5000 GeV
10—5 0—5 |

I NI B A B 1 o b
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000 MVV > 0.9 TeV
my, [GeV] m,, [GeV]
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Continuum Clockwork arxiv:161007962 -

* A third proposed solution to the hierarchy problem that we consider in this paper is the contin-
uum clockwork mechanism [8], which coincides with a 5D gravitational theory on a linear dila-
ton background [9, 10]. The clockwork [11, 12] is a general mechanism that can introduce large
effective interaction scales from dynamics occurring at much lower energies. This is achieved
by introducing N copies of some particle content on different sites forming a one-dimensional
lattice in theory space. The physical mass spectrum consists of a single massless mode localized
on the end site of the lattice and a set of massive modes (‘gears’) distributed along the sites. In
the continuum limit of the clockwork with N — oo, this lattice is interpreted as a physical extra

dimension.
No additional samples are needed to generate the clockwork signal; instead the ADD signal

samples are reinterpreted to produce the clockwork prediction. In the clockwork model, the
KK modes are all on shell, so there is no interference effect, while the ADD prediction includes
both a direct term and an interference term. The GRW and negative Hewett models have oppo-
site signs for the interference term, so the direct term can be isolated by linearly adding, with
appropriate weights, the predictions assuming the GRW and negative Hewett conventions.
The direct term is then rescaled by Eq. (2), provided by the authors of Ref. [14]:

—1
30M8 k2 1 (52)(7)(17) k \9 [m
G(mw_k)zssnMg 1_m—%m—%[1+ (283)(28) (1_m—w) \ %] ' @)

Here, Ms is defined in the GRW convention, M5 is the fundamental scale of the gravitational
interactions, and k is the ‘clockwork spring’, which, phenomenologically, controls the energy
scale at which the KK modes can be excited. To solve the hierarchy problem, Ms should be
close to the electroweak scale. Demanding perturbativity of the theory imposes the constraint
k < Ms.

26.9.2018 Myy search - Antonis Agapitos
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UNIp

TR CMS/!
< X3 L §
o fa - - N Xi
':;: Raw con 1Pparison Reso-vs-NonReso >

s o

CMS Preliminary Vs=13TeV L=359fb" CMS Preliminary Vs=13TeV L=359fb"

> F = > 3
8 B EBEB + Data n 8 EBEE + Data N
8 10° - 8 10° |
T E vy (NNLO) Pre-Fit 3 T E vY (NNLO) Pre-Fit 3
n [ ] o [ ]
% 0 yy Post-Fit - ‘GE) 0 vy Post-Fit -
> = 3 > = =
woE . Resonant fit 3 woE . Resonant fit 3
10 _E ? 10 _E —+— ?—
- & ] - \{ .
1_E —— E_ 1_E —— Kp— —— E_
107" - 107" =
El 1 I 1 1 1 1 I 1L 1 1 1 I 1 1 1 1 I 1 1 1 = EI I I I 1 1 1L I 1 1 1 :
¢ (Data-Pred)/cg a7 3 ¢ (Data-Pred)/Ggpr 3
B 165y / Ograr 3 B £10gy5/ Ograr =
*2 Ogys/ Ograr 3 *2 Ogyg / Ograt 3
+ I 1 1 + I 1 E + T E

500 7000 7500 5000 5500 3000 500 7000 7500 5000 5500 3000
m,, (GeV) m,, (GeV)

The two approaches/methods for M,, spectra are in a good agreement
« Good agreement up to ~1.4 TeV
« Small deviations above ~1.7 TeV where we have poor statistics.
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: Xx-checks & closure testin MC -

- We can use MC events, treating them exactly as data to extract FR.
Which can be compared to the known fakes in MC sample using the MC truth info
[m\ [W\
 Test the “Fake Templates” %,,03:: EB : gf:sr:::«o GeV : § °'3§_EE : ?S:sr::«o Gev
derived from the template 2+ =) Whe<ff, 0 e it
MLE-fit vs MC-truth. E
* Testihe FR " | éo'inin ) S I - O
forming Ratio = Pred / Truth%g *EB e ———y : :oEEE MR oM e ¥
(ie: “fake yields from fit / true”)s «: cokmmbs ooV F 0“:;:,:‘.‘;:'; Feteon <106
- Closure within ~30% % E v S
> attribute systematic unc. . oo 4 i
st Pr(GeV o2 P1{GeV
] ) ] ) ) o 200 400 600 r(Ge ) 2601 ‘ 4(')0{ ‘ 'TstoGe )
 Kinematic distribution closure ;g;_;: EB + Denominator ::;;:_ EE # Denominator 1
pt re-weighting events vs truth.2g.- ¢ MCtruth 3 wp = ¢ MCtruth E
m,; “.. ‘o.. ¢ Fake predlctlon} Gy dz;'. ¢t Fake predictiony
« Good closer in general I s r e 3
10’@- ‘:‘3;1 setet 7 2{ s E
(much more on AN...) e Ry TR " ﬁf;lmm :
% i.’,’;#’.’.”;.’;;’.&’;;:;;i"}',}; *jjﬂlL’f.Jm :Z E ......wthm H"ﬁIIIIIﬁIIIIIZIIﬁﬁIIZIIﬁ1ﬁ;U
p.cev) P; (GeV) P+(GeV) », (cev)
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Atlas vs CMS spectra comparision

REKJ
‘CIIIES
A,
T115%

I189%

Atlas: CMS:
EBEB + EBEE + EEEE  EBEB + EBEE <2377+ EEEEjq<2.37
9 events for M,,>2 TeV 7 events for M,,>2 TeV
3105 ‘A'1.’I-A's"'I""I‘I:)a'ta """""" %1035_1||||||||||III|IIII|IIII_E
8 10  Back T CMS (s=13 TeV ]
* ackground-only fit ™ ..
g 0 _ _ -+ Preliminary L=35.9 fb"
Z Spin-2 Selection -

s =13TeV, 36.7 b’ 102

107

Data - fitted background
o S o
e

|

Wi | M
B il -

500 1000 1500 2000 2500 500 1000 1500 2000 2500 3000
m,, [GeV] m,, [GeV]
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Correlation matrix of 35 nu.param.

Correlation Matrix of the 35 nuisance parameters

Norm_gg_BE
Norm_gg BB
Norm_Fake BE
Norm_Fake BB
NLO EBEE
NLO EBEB
EE_FakeTemp
EB_FakeTemp
CT10vec9
CT10vec8
CT10vec?
CT10vect
CT10vech
CT10vecd
CT10vec3
CT10vec26
CT10vec25
CT10vec24
CT10vec23
CT10vec22
CT10vec21
CT10vec20
CT10vec2
CT10vec19
CT10vec18
CT10vec1?
CT10vecit
CT10vec1s
CT10vecid
CT10vec13
CT10veci2
CT10vecin
CT10vec10
CTi0vecl H—

A Bl R
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CT10vecs
CT10vec8
CT10vec?
CT10vect
CT10vech
CT10vecd
CT10vec3
CT10vec26
CT10vec2s
CT10vecz24
CT10vec23
CT10vec22
CT10vec21
CT10vec20
CT10vec2
CT10veci19
CT10vecis
CT10veci?7
CT10vecis
CT10veci5s
CT10vecid
CT10vec13
CT10veci2
CT10veci
CT10vec10

CT10vec! |

26.9.2018

Correlation matrix of 26 nu.param.

PDFs Correlation Matrix of the 26 CT10 eigenvectors

Cr L Cri L L1 LT LT LT LT LT LT LT LT3 LT LT LT LT LT LT LTy LT LTy LT3 LT LT LT
T B e B e G g R e L L L G L L LI LI I 6o e

Myy search - Antonis Agapitos 37



UNIP
M

) Correlation matrix of 9 nu.param.

O

189898

Correlation Matrix of the rest (non-PDFs) nuisance paremeters

F.R.Scales 0.697738 - 1
1

Norm_gg_BE
Norm_gg_BB
Morm_Fake BE
Norm_Fake BB
NLO_EBEE
NLO_EBEB
EE_FakeTemp

EB_FakeTemp
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Exclusion (lower) limits on M,

A

CMS Preliminary {s=13TeV L=359fb" CMS Preliminary {s=13TeV L=359fb" CMS Preliminary Vs=13TeV L=359fb"

2

T T

3

T T

]

—— Observed Data —— Observed Data —— Observed Data

B B B
E ......... Expected § ......... Expected § ......... Expected
@ B @ il G —
[ +20 © +20 © +26
5 10 = 510 5 10 E
‘w» £ GRW ‘@ £ Hewett[] ‘@ £ HLZ ng=2 E
§ [ ExpM=7.19] Tev S [ ExpM =557 Tev & [ ExpM=8477Tev
E b Obs:Mg=7.8TeVv 4 E | ObsiMg=56Tev E | ObsiMg=9.7Tev
?, 1= E § 1= E E e E
g r 1 St 1 8 t 3
j r ] j n ] j N ]
o ~ o 1 o 1
o'k 3 o'k 3 Sk E
o F 1 ° ¢t ER E
Mg [TeV] Mg [TeV] Mg [TeV]
Signal: GRW Hewett HLZ
negative  positive ngp=2 ngp=3 ngp=4 Ngp=5 ngp=6 ngp=7
. +0.7 +0.1 +0.6 +1.3 +0.8 +0.7 +0.6 +0.6 +0.6
Expected: 71737 55101 63106 g4tl3 gaHt08 g 407  g4706 60106 56106
Observed: 7.8 5.6 7.0 9.7 9.3 7.8 7.0 6.6 6.2
ADD formalism GRW | Hewett HLZ
AT LAS Parameter positive | n=3 n=4 n=5 n==6
Limits  Without K-factor | Mg observed limit [TeV] 6.8 6.1 8.1 6.8 6.1 5.7
With K-factor Ms observed limit [TeV] 7.2 6.5 8.6 7.2 6.5 6.1
CMS Preliminary Vs=13TeV L=359f" CMS Preliminary Vs=13TeV L=359fb"
=10%; 5 S10? ]
© | —— Observed Data 1 —— Observed Data ]
B [ e Expected = ~enn Expected ]
o L mmtio ] 1o 4
= L +20 i = +20 i
L Non-perturbative regime (k>M5) | Non-perturbative regime (k>M5) |
95% CL exclusion limits on My-k space 95% CL exclusion limits on M-k space

1 0 1 2 3 4 5
k[TeV] k [TeV]
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Signal injection HLZ np=2 (1k toys)

S \\
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(Mean — 1. ) /sigma

Myy search
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Extra Dim. Motivation & Signature

189898

€ Hierarchy Problem:
- MyPare undergoes Q-corrections up to Mp~101° GeV where Q-gravity is involved.

- Whereas we observed (surprisingly) low My~102 GeV.

€ Extra Dimensions (ED), ADD model proposes:
- Compactified ED, with radius R, produces an eff. Mp, > MP12 ~ MIZ’TZ R"
- So, for some n,R, the fundamental Mp, can be at ~TeV. (4+n)

- Gravity has a strength comparable

with the rest forces but “dilutes” in ED. S
- Graviton momentum along ED is quantized and “addsm
to its mass 2> Gk is virtual with “continues” mass.

(arxiv:9803315) f f v (y)
GKK GKK
@ Clockwork (CW) model (arxiv:161007962). >"< >_'<
Introduced ED, the effective Mp, (and gravity f f v (y)

strength) varies exponentially across the ED.

£
€ Both models has a high mass yy 0>J .
system as a final state. :L!"J: SM N_e_Y\LE..hySlCS

Myy
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Datasets & MC o

€ We probe the high mass diphoton events’ shape.
SM\New Physics € DATA 2016:
' - Dataset: /DoubleEG/2016*..../ > 35.9/fb

[

> Myy

- Global tag: 80X_dataRun2_2016SeptRepro_v7
Data period Good run JSON

2016, Run B-G Collisions16/13TeV /ReReco/Final / Cert_271036-284044.13TeV 23Sep2016ReReco_Collisions16_JSON. txt
2016, Run H Collisions16/13TeV /Final / Cert_271036-284044_13TeV _PromptReco_Collisions16_JSON.txt
/DoubleEG/Run2016B-03Feb2017_ver2-v2 5.788 fb
/DoubleEG/Run2016C-03Feb2017-v1/MINIAOD 2.573 b
/DoubleEG/Run2016D-03Feb2017-v1/MINIAOD 4.248 b1
/DoubleEG/Run2016E-03Feb2017-v1/MINIAOD 4.009 fbt
/DoubleEG/Run2016F-03Feb2017-v1/MINIAOD 3.102 fp!
/DoubleEG/Run2016G-03Feb2017-v1/MINIAOD 7.540 fp-1

/DoubleEG/Run2016H-03Feb2017_ver2-v1/MINIAOD  8.391 fjy-1
/DoubleEG/Run2016H-03Feb2017.ver3-v1/MINIAOD ~ 0.215 fp-

€ Dominant BKG: “yy’-real,
- SHERPA 2.1.1, CT10, [LO +3partons +box].

€ Subdominant BKG: “yj”, “jj” fake.

MC samples used:
vy:  DiPhotonlets_ MGG-80tolInf_13TeV_amcatnloFXFX_pythia8

GGlets_M-***To*** PpPt-50 13TeV-sherpa
v,jet: Gjets_HT-***To*** TuneCUETP8M1 13TeV-madgraphMLM-pythia8
jets: QCD_Pt-***to*** EMEnriched_TuneCUETP8M1_13TeV_pythia8
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Signal Model =

e Signal shape from simulation:

- The reconstructed signal shape is fitted with the convolution of a

double-sided crystal ball (detector response) and the theoretical line-shape.

- Energy corrections from Egamma (in bins of E1, n, Ry and ECAL gain of

seed channel).

- The signal shape is then described uniquely with a DCB obtained from fit

to Asymov dataset generated from the previous fit.

- DCB coefficients evolution as a function of m,, parametrized with a

polynomial.
S: 104; —T T T T T T T T T3
8 - Param sig. model vs MC: m, = 1750 GeV 1 Graph
iy . — Model i g 60
: 103 — MC — © DC B -d h
* : ; 50 width vs m,,
c i ]
G>J B . 40 g
Ll 102 1

30

20

10

10

ol b by Ly T BT NI B
500 1000 1500 2000 2500 3000 3500 4000
m,[GeV]

P R

2000 2200
M (GeV)
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CT10vecd
CT10vec8
CT10vec?
CT10vecs
CT10vecs
CT10vec4
CT10vec3
CT10vec26
CT10vec25
CT10vec24
CT10vec23
CT10vec22
CT10vec21
CT10vec20
CT10vec2
CT10vec19
CT10vect8
CT10vect?
CT10vec16
CT10vec1s
CT10vect4
CT10vecl3
CT10vec12
CT10vect1
CT10vec10

Do we understand correlations?

Pick an extreme cases (value) from each correlation matrix:
—1

+0.04 corr. between:

PDFv7 & PDFv10

Mean  -0.6484 11

00sE. —CT10Vec7
0003 StdDev  0.996

S T TR BT T L
OF-g T 09

Mean  0.4182
Std Dev 1.0(&

0.000F
0.008F
0.007F
0.006F
0.005F

—CT10Vec10|

1.08]-

"'l —EBEB +10 var./ default
EB -1

—EBEB +10 var. / default
EBEB - ./d

- “EBEE -1 var. / default

1000 2000
Myy (GeV) CT1 0Vec?

0.004F
0.003F
0.002f
0.001F

A I I R L
T — (R 09

0.95]-

I I T T I T

000 2000 3000
Myy (GeV) CT10Vec10

@ Posteriors "point” coherently

26.9.2018

to steeper falling Myy spectra.

F.R.Scales
Norm_gg_BE
Norm_gg_BB

0.6 Norm_Fake BE
Norm_Fake_BB

0.4
NLO_EBEE
NLO_EBEB

0.2

EE_FakeTemp

EB_FakeTemp

-0.94 anti-corr. between:

NLO. BB & Norm..yy. BB

- =
F T T ~
F Mean 0.1808
0.14— Norm BB
o 00 Std Dev  0.1408
0.12F
o 3
0.08- .
0061 3
0.04- ]
0.02F H e
E 1 1 1 L L
- — 1 2
Mean 0.5347
0025- _NLO_EBEB
r Std Dev  0.5831
0021
0015
omf-
0 oosf— JJ"I

L

—0.8

—0.6

0.4

0.2

-0.2

04

-0.6

-0.8

I3
R
's“éles

> om_g, )
aks\Ba Farg BF 09 L 8g ‘99\85
1.3

1_2E —EBEB +1¢ var. / default

11
1

:— = EBEB -1¢ var. / default

0.9E
0.8F
0.7E
0.6F
0.5E
0.4F

4 Posmve mean |n Norm1 OUW‘”‘BB‘S‘?S les Myy
yields up, whereas positive NLO_BB does

the opposite.
Myy search - Antonis Agapitos

44



26.9.2018

Zaay
T\

1

Mean 0001759 | 1 Mean 01039 | 14 Mean 02767| 14 Mean 005779 1
EBEB +10 var./ default EBEB <10 var./ defaut " EBEB +10 var./ defaul EBEB +10 var./ default
oosf. —CT10Vect || o ZEBEB ‘tovar. detaut ~CT10Vec2 9843 ZEBEB ‘1ovar.  detault ~CT10Vec3 ZEBER v/ daun. ~CT10Vect 827 ZEBEB ‘Tovar.  detaut
¥ Dov 7 EBEE +10 var. / default Std Dev EBEEdevu/dd:ull Std Dev EBEE +10 var. / default Std Dev EBEE +10 var. / default
o008 106, - -EBEE 1 var detaut ooosf- 1 var. | detauit oooa- Los). - “EBEE Tovar./detault ooos EBEE 1 var./ default
0.007} - - -
0008 oooef- oooef- oooe
0008 -
0004 o0 oo 000
o00q
ossf- ol ossf- ossf-
000 ooozf- ooozf- ooz
000t
o g 7000 2000 w000 By T 1000 2000 00— e T 7000 2000 3000 05Ty g To00 2000 3000
Myy (GeV) CT10Vect Myy (GeV) CT10Vec2 Myy (GeV) CT10Vec3 Myy (GeV) CT10Vecs
001 - Mean 5078 | Mean  -0.3088 [ 1 Mean -
—EBEB +15 1/ EBEB+1c m EBEB +1a EBEB +10 /1
—CT10Vecs £BEB 1 var. /mﬂ' 0009 —CT10Vec || Dev 1 BED o var / daraul oo —CT10Vec7 || o 0061 £s |av'.',' //dd:':nlf:' —CT10Vecs || EBER ovar / daraut
0008 Eggo‘kx‘:lﬂ / default 0.008} BEE +10 var., /d-nlll 0.008} EBEE +10 var. / default
- o var. / default BEE -10 var./ EE |av|l /d-lull 0.008— EBEE -10 var. / default
1.0sf o007 o007 1.05F 1.05-
o.006 0006} 0.006f 0.006- o
o o el
oood- 0004 . o004 5 s
o003 ooca)
0.95 0.95 0.95
o002~ o002 o002 oo0zf-
000 o001
oypy g 09565 o o I 700020003000 A ey 0950020 E Ea g 097560 030
Myy (GeV) CT10Vecs Myy (GeV) CT10Vecs Myy (GeV) CT10Vec? Myy (GeV) CT10Vecs
F Mean M EBEB +7o var./ defaui 0.009f o 03166 | I _EgEBi1ovar/ M EBEB iovar/
—CTioveco :EEE“;,‘:’,’,%'T‘,‘ o —CTioveetq F cTioveot ]| % Eg‘.‘:{.‘,'//,,:,::,,‘:": EEEE"‘:“:-’/%"%:
= o var. ! o var. / defau 15 var./ defau
1.08] -EBEE -1 var. / default 0.007] 1 «EBEE -10 var. / default 1.05f ZEBEE -1 var. / defaul 1.05F EBEE -10 var. / default
b oo M""—-
""""" 0.005f e =T : - =
ool s ———
0.95(
h |
s Mean  0.5078 1.1
-
00 CT10Vecs - —EBEB +10 var. / default
oo " 009 ec - EBEB -1 / default
1o - Std Dev 1 - ./ dafal
- EBEE] - l
wwf e - -EBEE +10 var. / default
o, - «EBEE 1o var. / default
s 1.05
oood
ossf-
oooaf-
Lt Ly |
e oo 7000 v
octe
Mean 005538 | 1
20T —CT10Vect?| —Eeea) 1
Std Dev ~Ebee
0.008- 105 ~"EBEE
oo0e-
1
00041 "
0.95(
0002 o 95
B
e} L 09
Vec20
ooosf. —CT10Vec21 o
0008 -
0007
po saaa el as 0.9 1 | 1 -
B
oo | 2 3 1000 2000 3000
o GeV) CT
10Vect
Myy (GeV)
0002
000t
E e e 70002000 L H 0002000 Oy To00 2000 L 1 TO00 2000 3000
Myy (GeV) CT10Vec21 Myy (GeV)  CT10Vec22 Myy (GeV) CT10Vec23 Myy (GeV) CT10Vec2d
00 1 Mean 007882 i
ooz - ER o ~Griovead SRR
EBEE +10 var. / default $1dDw 04 BEE +10 var. / default
o.008 108 - -EBEE -1 var. defaut 0007E- 108 --EBEE 10 var.  default
o008
oooef- o008
0004 —
ooodf-
o0
oot ossf- o o5
oootf-
R g 09 o oog 09
My (Gev)  CT10Vec25 My (GeV)  CT10Vec26

Myy search - Antonis Agapitos

45




UNIP

PEK/
@
S
«l_y_ls"b

189898

DIPHOX 1.1.3: some of its structure

perl start.pl --parameter parameter.indat --histo param_histo.indat

Makes the
*.exe scripts

r

Input 58
parameters
for the process

A

€ Configurable parameters / our default choices:
 PDF set used - CT10nlo.Lhgrid
- All PDF error sets - False/True

* Value of cm initial state factorization scale - 1.0

 Value of cm renormalization scale =2 1.0

* Value of cm final state factorization scale - 1.0

 0ogm—~20 const., a; >0=LHAPDF
« Number of active flavors 2 5
 For the direct 2 “born level” + “H.O.”

« Contributions = direct: dir & fragment. onef, twof.

* Cross-section calculation at: LO+HO = NLO
AR iso. cone 2 0.3, Abs Iso <5 GeV

e ...and much more...

26.9.2018
24-2¢11-18

M(yy) search & more

Myy search - Antonis Agapitos

9 parameters &
histo definitions

€ Tree product content:

é---ﬂgggd_ntuple.root
- #|t2;8

@ Basic cuts at the ntuple
level & more:

1) PT(y) > 50 GeV

2) Inl(y) <2.5

3) M(yy) > 200 GeV

4) 1s04,5(AR:0.3) < 5 GeV

5)

8M events / ntuple
46

- Antonis Agapitos 46



DIPHOX processes

€ Diphox covers both:
direct and indirect (hadron “fragmentation” originated photons) productions.

Direct LO: ): Direct HO: 3 <; @: 3:]:
Single fragm. LO: % 1-frag.HO: 3:;\:\ E
Double fragm. LO: !:Z 2-frag.HO: 3‘;’ ! g

€ DIPHOX produces separate x-sec calculation for “LO” and “HO” per M(yy) range.
(Typically HO is ~x10 higher than the LO.)

26.9.2018 Myy search - Antonis Agapitos
24-3¢e11-18 M(yy) search & more - Antonis Agapitos
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SM: Successes & Shortcomings

o) 3 btalrwa O 5 7Tev CMS measurement (L < 5.0 fo") 7 =
‘ SM: Very SUCCGSSfUl theory: & 1055-0-* P y $ 8 TeV CMS measurement (L < 19.6 fb™) —
. 11 3 © E o NeW PhYSICS — 7 TeV Theory prediction =

° Prec1sely pI'Ed.: ()""[10 -10 ] pb SN o IR — 8 TeV Theory prediction .
] S 10°E v heaven' % CMS 95%CL limit =

* Successful pred. of Higgs BRs. g Fe«f Sl B
«  No evidence for deviation from SM.6 "OF - * _ | FEEEEEEEE R
g0tk .t T Fme o

€ But SM seams not a “final theory”: § [ BN i A P O O R
10 - @ B T B A
* “Hierarchy/Naturalness” problem? 5 - : T Lt ]
e GUT Unification? 3 F -~ . Ei-i s
« Gravity QFT ? 210k ™ - -
- 23 3

=) I P - P
@ Dark Matter & Dark Energy ? 107 = - 3 é

10_3_5 S T N N N N N _ R S N N S A A R

2— 2_ 2 - 2 2 lezlw1lz~,lewzlulgmlgglwwlszm]wv,lnltmlqwlks“_lmInwlnzlggnl‘qlsﬁlwlwl

Mpiggs”=Mpare [iMCUt i"']_lzs GeV All results at: http://cern.ch/go/pNj7 ~ W-n.2-eu Th. A, in exp. Ao
New Physics at: g 60 ¥ ' “’ S " ) .| Galaxy cluster 0024+1654
Higgs| A_.,~102-1018GeV w

bare
mass RN
\

/
squared O Gauge ' ! 20
(0.125 Tev)? el

m% zi:} Higgs E

Ilustration | TP

for:
Ay~ 10%4GeV.

Gravitational Lensing over Galaxy Cluster
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X-checks

A

A search for

” CMS Preliminary Vs=13TeV L=359f" i CMS Preliminary Vs=13TeV L=359fb"
<10°F S107C ]
% - —— Observed Data ] % - —— Observed Data -
B [ e Expected 1 [ e Expected ]
o | Emtl J< + Emitl .
= [ 120 1= | +20 i
i Non-perturbative regime (k>M5) | i Non-perturbative regime (k>M5) i

| 95% CL exclusion limits on M;-k space 95% CL exclusion limits on M-k space

T 1 |||||||| | IIIIlII| | |||||||| | |||||||| L L | T T T T T T T T R T
10 107 1072 107" 1 0 1 2 3 4 5
k[TeV] k [TeV]
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Exclusion (lower) limits on M,

A

CMS Preliminary {s=13TeV L=359fb" CMS Preliminary {s=13TeV L=359fb" CMS Preliminary Vs=13TeV L=359fb"

2
3
3

-‘é E —— Observed Data E % E —— Observed Data %’ E —— Observed Data E
S [ e Expected b [ Expected [ Expected b
> | mmtie | > | mmtt > | mmtie i
© +20 © +20 © +20
5 10 = 510 5 10 E
‘w» £ GRW ‘@ £ Hewett[] ‘@ £ HLZ ng=2 E
§ [ ExpM=7.19] Tev S [ ExpM =557 Tev & [ ExpM=8477Tev
E b Obs:Mg=7.8TeVv 4 E | ObsiMg=56Tev E | ObsiMg=9.7Tev
RS E 5 1E = 5 1E E
g - ER - i & F :
3T . > F . > r h
o 1 o 1 o .
B0 E B0 E Siot E
° 1 °F 1 ° E
Mg [TeV] Mg [TeV] Mg [TeV]
Signal: GRW Hewett HLZ
negative  positive ngp=2 ngp=3 ngp=4 Ngp=5 ngp=6 ngp=7
. +0.7 +0.1 +0.6 +1.3 +0.8 +0.7 +0.6 +0.6 +0.6
Expected: 7.1*07 55101 63106 g4fld  g4t08 71407 4406 106 56106
Observed: 7.8 5.6 7.0 9.7 9.3 7.8 7.0 6.6 6.2
ADD formalism GRW | Hewett HLZ
Parameter positive | n=3 n=4 n=5 n==6 ATLAS
Without K-factor | Mg observed limit [TeV] 6.8 6.1 8.1 6.8 6.1 5.7 L.
With K-factor | Ms observed limit [TeV] || 7.2 6.5 8.6 7.2 6.5 61 Limits
” CMS Preliminary ~ Vs=13TeV L=35.9f"
%1 ' —— Observed Data ]
B [ e Expected ]
¥ o[ ]

Non-perturbative regime (k>M5)

95% CL exclusion limits on M;-k space

1
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Signal injection HLZ np=2 (1k toys)
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Extra Dim. Motivation & Signature

O

189898

€ Hierarchy Problem:
- MyPare undergoes Q-corrections up to Mp~101° GeV where Q-gravity is involved.

- Whereas we observed (surprisingly) low My~102 GeV.

€ Extra Dimensions (ED), ADD model proposes:
- Compactified ED, with radius R, produces an eff. Mp, > MP12 ~ MIZ’TZ R"
- So, for some n,R, the fundamental Mp, can be at ~TeV. (4+n)

- Gravity has a strength comparable

with the rest forces but “dilutes” in ED. S
- Graviton momentum along ED is quantized and “addsm
to its mass 2> Gk is virtual with “continues” mass.

(arxiv:9803315) f f v (y)
GKK GKK
@ Clockwork (CW) model (arxiv:161007962). >"< >_'<
Introduced ED, the effective Mp, (and gravity f f v (y)

strength) varies exponentially across the ED.

£
€ Both models has a high mass yy 0>J .
system as a final state. :L!"J: SM N_e_Y\LE..hySlCS

Myy

19.2.2018 Myy search - Antonis Agapitos 52



19.2.2018

Datasets & MC o

€ We probe the high mass diphoton events’ shape.
SM\New Physics € DATA 2016:
' - Dataset: /DoubleEG/2016*..../ > 35.9/fb

[

> Myy

- Global tag: 80X_dataRun2_2016SeptRepro_v7
Data period Good run JSON

2016, Run B-G Collisions16/13TeV /ReReco/Final / Cert_271036-284044.13TeV 23Sep2016ReReco_Collisions16_JSON. txt
2016, Run H Collisions16/13TeV /Final / Cert_271036-284044_13TeV _PromptReco_Collisions16_JSON.txt
/DoubleEG/Run2016B-03Feb2017_ver2-v2 5.788 fb
/DoubleEG/Run2016C-03Feb2017-v1/MINIAOD 2.573 b
/DoubleEG/Run2016D-03Feb2017-v1/MINIAOD 4.248 b1
/DoubleEG/Run2016E-03Feb2017-v1/MINIAOD 4.009 fbt
/DoubleEG/Run2016F-03Feb2017-v1/MINIAOD 3.102 fp!
/DoubleEG/Run2016G-03Feb2017-v1/MINIAOD 7.540 fp-1

/DoubleEG/Run2016H-03Feb2017_ver2-v1/MINIAOD  8.391 fjy-1
/DoubleEG/Run2016H-03Feb2017.ver3-v1/MINIAOD ~ 0.215 fp-

€ Dominant BKG: “yy’-real,
- SHERPA 2.1.1, CT10, [LO +3partons +box].

€ Subdominant BKG: “yj”, “jj” fake.

MC samples used:
vy:  DiPhotonlets_ MGG-80tolInf_13TeV_amcatnloFXFX_pythia8

GGlets_M-***To*** PpPt-50 13TeV-sherpa
v,jet: Gjets_HT-***To*** TuneCUETP8M1 13TeV-madgraphMLM-pythia8
jets: QCD_Pt-***to*** EMEnriched_TuneCUETP8M1_13TeV_pythia8

Myy search - Antonis Agapitos 53



DIPHOX processes

€ Diphox covers both:
direct and indirect (hadron “fragmentation” originated photons) productions.

Direct LO: ): Direct HO: 3 <; @: 3:]:
Single fragm. LO: % 1-frag.HO: 3:;\:\ E
Double fragm. LO: !:Z 2-frag.HO: 3‘;’ ! g

€ DIPHOX produces separate x-sec calculation for “LO” and “HO” per M(yy) range.
(Typically HO is ~x10 higher than the LO.)

19.2.2018 Myy search - Antonis Agapitos
24-3¢e11-18 M(yy) search & more - Antonis Agapitos
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Event Selection Summary s

@ v identifications (high-pt photon ID)
1) Oinin < 0.0105 [0.0112], (0.028 [0.03]) for EB(EE)
2) H/E<0.05
3) “Conversion-safe electron-veto”: applied.
4) lIso, (corrected) < 2.75(2.0) GeV for EB(EE)
5) Isocy< 5 GeV
6) Rg>0.8

€ Std primary Vertex selection:
1) Ngor >=4,
2) |z| <24 cm,
3) dg<2cm

. . |ny2|

¢ Kinematics: EBEE EEEE
1) N, >=2,

2) Pty >75 GeV,

3) Inyl: [0, 1.4442] || [1.566, 2.5], EBEB EBEE

4) Atleastone “y”" in EB > EBEB, EBEE. |nv1|

5) Myy >0.5TeV

19.2.2018 Myy search - Antonis Agapitos



€ Reducible Fake (yj,jj) BKG.
Events where 1,2 jets with large EM activity fake a “y”, typically 110,n9)

number of jets passing high pt ID

¢ We define the: Fake Rate:  f = number of jets passing denominator definition

* Real photon are removed from numerator.

» Real and fake photon templates are fit to data in a fake photons sensitive
variable template: 0y,

» Fake Rate measured in a jet-rich dataset (JetHT, DoubleMu)
« as a function of pr(y) in EB and EE.

€ Apply the Fake Rate to the data to estimate the fake BKG:
* ldentify denominator object in data = reweight by the Fake rate - form M, fake.

19.2.2018 Myy search - Antonis Agapitos 56



Glimpse on Selection, kinematics, M-spectra |

8kk f>_<f >.<V v, e, u]
f, F vy e ul
(Similar) Kinematic selection: 1) Nyey=2,
2) Hight pt objects (y,e,u)
3) In|: [0, 1.4442] or [1.5686, 2.5],

4) At least one obj. in Barrel - BB, BE (rejecting EE)
5) My, >0.5TeV, Mg, >18TeV, M,,>1.8TeV

a

(Different) object definitions: we will not expand here — see EXO-17-017 & EXO-17-025.

359 fb" (13 TeV) , o 383f7(13TeV) 35.9 1" (13 TeV) 35.9 b (13 Tev)
> 10°Fa cus ¢ Data T 1F s { ‘Data CoEB ¢ Dam core t oum
O 10° [Jziy* —ee Clzy* - wu I8 vy posti prediction o IS 1 postft preiction
3 10 Bt w2, 2.5 B o, w2, 2.7 = i
§ 10° [JJets [ Jets ~ Clockwork k=0.1 TeV, M=10 TeV 2 - ~ Clookwork k0.1 TeV, M=10 TeV
@ 10° — Cl, A =10TeV,n_ =-1 — Glpo(GRW,A;=6TeV]

-6 01 | L L R R | — L L L M|
10780 200 300 1000 2000 8 200 300 1000 2000 g mm ey o 0§ 28

(e ! { |
&|_05 4 il 0.5 0 = E
5 g 0....«-ﬂ-.".......-.--..w.om,‘dwﬂ*t.{%| } :’ 3] [T — S .._.A"Hh |i E AA |05 L S "
8| 05 i 05 t S b A g

g0 200 300 1000 2000 %0 200 300 1000 2000 500 1000 1500 2000 2500 3000 500

m(ee) [GeV] m(u) [GeV] m,, (GeV) m,, (GeV)
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Comblnatlon bmnmg break down

Meele g
[ee] o [HH] [vy] o
Inl: BB, BE BB, BE BB, BE
[1.8,2.2] TeV [1.8,2.2] TeV [0.5,0.6] TeV
Mass 2> [2.2, 2.6] TeV [2.2, 2.6] TeV [0.6, 0.7] TeV
[2.6, 3.0] TeV [2.6, 3.0] TeV
[3.0, A\{] TeV [3.0, 7] TeV 0.1 TeV binning
[..., 13.0] TeV
We set up limits in two different binning configurations:
1. with a single-bin for dileptons: M;>3 TeV, and
2. with the M;-multibin approach - This is supposed to be the “official’.
25/9/18

ADD Limits Combination. Antonis Agapitos
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Comb. Sys.Unc. & Limits setting =

vy Diphoton Sys. Unc. - Exactly as in yy paper = 35 nuisance parameters.
(26 for the individual PDFs + other 9 unc. See backups for more)

ee, UM Dilepton Sys. Unc. - 13 different sources (diff. nuisance parameters):
[EleEt, ElelD , Gen_systPileup , Muon systReconstruction ,
Muon_systResolution , Muon _systScale , crosssections , ddriven , lumi, mcstat
normalization , pdf total , trigger]

- We use the same (InN) prior of the 4 diff. M, bins.

- Max of the 4-mass-bins for all sources (apparat from “mcstat”)

- Min of the 4-mass-bins for “mcstat”

« All nuisance par. are assumed uncorrelated with each other (including PDFs).

25/9/18

—> Different approaches (yy/ee,uu) makes difficult the addressing of correlations.

Limits setting approach in Combination (exactly as in yy-paper):

Perform “Bayesian Marginalization” (MLE fit) to the data to extract posteriors.
—> Extract signal strength posterior,

- plot the 95% CL upper limit on signal strength per mass point,

- translate it to lower limits on Mg or /At

In this slides we set limits only on GRW - to be translated in HLZ, & Hewett.
ADD Limits Combination. Antonis Agapitos 59



vy + ee + uu Limits combination

&Y,

T

GRW (Channel: gg)
Exp: My = 7.155 TeV
Obs: Mg = 7.8 TeV

95% CL upper limit on signal strength

r  GRW (Channel: yy)
Exp: M, or Ar = 713 Tev
Obs: Mgor A;=7.8 TeV

GRW (Channel: ee + pp)
Exp: M, or A =677, TeV
Obs: Mg or A; =6.7 TeV

il
o
T T

T T T
T T T

-

95% CL upper limit on signal strength

mbination in

L :llllll
—

-bin configuration

10,16|\nnlunn||||xuI|||||||||I|A|19\0461ll16.|5Hll7|llll7!5Hll|lllllllln 1071~ I‘645llll7l‘|l7_5‘llls

T

GRW (Channel: Il)
Exp: M = 6.6/07 TeV
Obs: Mg = 6.6 TeV

-
o

T T

-

\
) 1
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- RW_(Channel: COMB
Exp: M, = 7.475 TeV

Exp: M or A = 7.5¢; TeV
Obs: M, or A, =7.7 TeV

_.
=
-
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95% CL upper limit on signal strength

95% CL upper limit on signal strength

Ll

10—1||||||||||||l|||||||||||||||||| B T T
6 6.5 7 75 8 8.5 9 106 6.5 7

Mg or A, (TeV)

75 8
M, (TeV)

* Finally, the GRW exp. limits is: 7.50%044 , , TeV (to be used in HLZ & Hewett)

* Observed: 7.68 TeV. (Multi-bin gain ~100 GeV here).
25/9/18 ADD Limits Combination. Antonis Agapitos
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vy+ee+uu Obs. Limits combination _—

GRW Hewett HLZ
Order At [TeV] Mg [TeV] M; [TeV]
n=>2 n=3 n=4 n=>5 n—==e6 n==17

ee for mee > 1.8TeV

LO 6.1(64) 55(.7) 7.0(75 7.3(76) 6.1(64) 55(.8 5.1((4) 49G.1)
LO x13 6.3(65) 57(.8) 73(77) 75(7.8) 63(65) 57(9) 53(5.5) 5.0(52)

uy for my, > 1.8TeV

LO 6.7(65) 60(8) 79(76) 79(77) 67(65) 60((B9) 56(5) 5362
LO x13 68(66) 6.1(59) 81(7.8) 81(7.9) 68(66) 62(6.0) 57(56) 54(5.3)

Combined ee and uu for my, > 1.8TeV

LO 67(68) 60(60) 79800 80(80) 67(68) 61(61) 57057 544
LO x13 69(69) 6.1(62) 82(82) 82(82) 69(69) 62(62) 58(58) 55(5.5)

Combined ee, py, and y7y for myy > 1.8 TeV and m., > 500 GeV

LO 77(75) 6967 9389 9.1(89) 7.7(75) 69 (68 65(63) 6.1 (6.0)
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%y Summary & Conclusion on Comb. =~

I189%

—> Inclusion of BE events improves limits by ~0.1 TeV (wrt BB-only)
in all individual channels: yy, ee, yu.

- Multi-bin approach improves limits by ~0.3 TeV (wrt single-bin)
in the individual channels: ee, up.

—> Diphoton & Dilepton combinations improves by ~0.4 TeV the yy-result
and by the ~0.8 TeV the dilepton result.

 GRW excluded at (95% CL) bellow 7.5(7.7) TeV exp.(obs.).
(yy observed limits still stronger by 0.1TeV due to data under-fluctuation in BB).

« Next steps:
—> Translate the results into HLZ & Hewett models.

(HLZ n=2 needs a separate set of signal cards; everything else can be translated
naively using the usual formula)

—> Translation to “1.3 K-factored signal” is straight forward, intersecting s-strength
bands with 1.3 (instead of 1.0). Assuming s-strength scale linearly with normalization.

25/9/18 ADD Limits Combination. Antonis Agapitos 62



|
Compact Muon Solen01d ,
4500 collaborators | 7
~190 Institutes, |
ass: ~12 500 Tonqes
Size: ~15m x 22m;’
Magnetlc field: ~4, T A
5 Barrel Whells
2 Endcaps

»

GMS ]Detdé"éor h Erxperi X ety

Multipurpose
experiment
Many sub-detectors



rTom Signals =2 Phy51cs Objects Reco 1/2;

b £ e\ OE/E~pi(jet) | i GMEy/ME; ~ME
Main Strategy:“Particle Flow”. 3 \ oo . \ T/ FHET T
\ 4 . 8y ol _PF-jetvs calo-jet °'°§_l ! PF-jet vs calo-jet

- Input: vertices/tracks/calo-clast. 3 o ~ for: |n|<1.5 T for: tt2] events

: : + 1t +,0 I N | P
- Clusterise to: vy, e*, p*, had**. R i S I g NN

0_0.55_ i i e "“*-—-‘-2-'::& D.‘E “T;J:
ot i ~ : : %20 80 80 100 7120 140 160 180 201
10 p, [GeVic] True ET'*° [GeV]

LEPTONS:

€ Muons [ p* ] (~stable, helical track) * .

- Reco: Tracker & p-chambers info. S A

- Purity-Eff. enhance with cuts: /f
hits, Iso, d,...

|

/

€ Electrons [ et]

ITE:
- e* interact with tracker - radiates “y”. - ,ll
- Reco: ECAL & Tracker info. S 505 Gev /J\
- Correct for brem-y - fit to get “e*”. S N A \j N
- Reject y-conversion. ‘ ax f;apo;lz . ké\ 0 )L/MET
- Purity-Eff. enhance cuts: o t;::z':s et \'l\/
x*/ndf, hits, Iso, d, ,,, E/p-match, E/H, A@;, AR\, A i et

- Correct MC eff-SF.
24-Yem-18 PhD thesis defense. SOS+MET. Antonis Agapitos 64



COMPOSITE OBJECTS ] HCAL
AR = \/ (An)2 Clusters

@ Jets = hadronized q,g.

- Flow in cone: AR, n-¢ plane:

- Jet = “PF-objects” + clustering algorithm.
- “anti-k;”, AR=0.5.

€ b-jets ——— .
- b-hadrons: long-lived. 4 ———7"
- Fly ~mm. b->Wc/u. - e
- Produce “SV” displaced from “PV"

- Identify “SV” = build variables CSV-> b-tag.

-

[ b quark

[ b from gluon splitting
[ c quark

I uds quark or gluon

& ME,
- Momentum imbalance
in “xy”-plane using all PF-objects: ,

—p - I:
E : —p . o "/
C T Z'i pa Pr?ma ry - \7:

Vertex
(I will skip “vY”, “ty,", g-tagger, t-tagger, performance plots & calibr. Technics)
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0 01 02 03 04 05 06 07 08 09 1

CSV b-tag discriminator




