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One question, tons of questions.. (=

 Is there a preferreu * Possible nafure of the

/ decay channel? signal (spin nature)?
Is there a X(750)

» Possible
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- (Ge{';) TeV data?

v\ « Natural width?
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INnfroduction

* Bring LHC close to o J— e .
deSign pCIrCImeTerS: ratios of LHC parton luminosities: 13 TeV /8 TeV
. ~40 @ ~3 TeV
-IncreaseVsto 13TeV o [ —799_ )
-3fo'@13TeV »Run1 & | 0 F /
sensitivity for M, >=2 TeV g "t
£ ~ 4@ ~700 GeV
 Dramaftically increase -
discovery potential N e ., MsTw20psNLO
100 1000
M, (GeV)

- Although small x-sections,
channels w/ photons provide very clean
sighature to discover new physics
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Photon Reconstruction

* Reconstructed from the energy deposits in the
ECAL, grouping them info superclusters.

e NO associated tracks in the inner detectors

 Diphoton HLT Trigger with E> 60 GeV
- Dedicated Photon ID for high-p. objects

L CMS Preliminary 26" (13 TeV)
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igh-Mass Diphoton Search

Resonant production of high mass diphoton pairs generic
prediction of several extensions of SM.

« Spin 0 — heavy scalar in non-minimal - 2HDM
HigQs sectors

* Spin 2 —» models postulating the existence of — ADD
additional space-like dimensions — RS

y=0 y=mR

 Signature of resonant production: localized excess of

events in the diphoton invariant mass spectrum.
CMS-FEXO-16-018

\
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What is new w.r.t. Dec 157

Mass range Channel-to-channel Dataset | Lumi (fb'') | Spin

(GeV) calibration constants  Used interpretation
EXO-15-004 | 500-4500 RunT 3.8T 2.7 2
EXO-16-018  500-4500  Run2 -2015 data 38+0T 3.3 0,2 @ar*bB

* Data re-reconsfruction, using updated channel-to-channel
calibration, completed over the winter shutdown.

« Additional 0.6 fb! dataset, recorded at B=0T analyzed
- Dedicated photon identification.
- Dedicated vertex selection.
- 10% improvement on top of the re-calibration.

* Results interpreted in ferms of spin-0 and spin-2 resonances.
— J=0: assumed gluon-fusion production, J=2: RS-graviton
— Three widths (I'/m=1.4x104, 1.4x107?, 5.6x10?) CMSEXO-16-018

\
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« Over the winter shutdown data re-reconstructed using new
channel-to-channel calibration obtained for the 2015 dataset.

CMS Simulation 13 TeV
— 30% improvement in 5035, _ 500 Gev 1
mass resolution 5 08 iy= 1.4 x10° £BEB
above 500GeV. 005" -
&= £ —Prompt-reco .
0.2—
- —Re-reco
0.15—
— ~10% improvement o1

in analysis sensitivity
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[ IR M —_—
500 520 540 560
m,, (GeV)

_hIIII

CMS-EXO-16-018
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O T data challenges

« Significant re-thinking of the analysis needed o use data”
without magnetic field.

| No information on tracks' Momenta
c / sl Al 4707+ Weakens power of isolation requirements

Datafrecordedy’2015-Sep-11:22:46 : : :
2 s oA 7637379/ 24 ~* Complicates primary vertex selection

Y &

s = 4 .f/
. o ~ V4
gz 4

No energy spread due to brem/conversions
» Better intrinsic energy resolution
« Additional lateral shower profile informnation.
CMS-EXO-16-018
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Vertex ldentification

« Good masss resolution depends on choosing right vertex |

— B=3.8T: Mulfivariate method using recoil and
tracks kinematics, trained for SM H — vy

— B=0T: Simpler algorithm based on track-counting
Vertex with the highest frack multiplicity

CMS Simuiation (13 TeV, OT)
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Analysis Overview

» Split events in categories: (EB-EB, EB-EE) x (3.8 T, 0 T)
- Searchregion: M_ > 500 GeV

- Select events with two photons of p,> 75 GeV
» Dedicated photon ID with isolation:;
— B=3.8T:€=00%
—- B=0T :&=80% (EB) - 70% (EE) (less efficient ele-veto)

CMS Simulation 13 TeV, 3.8T CMS Simulation 13 TeV, OT
< B < N
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Mass Spectra @ 3.8 T

« Fit M,

a+b- 105(””77)
7Y

CMS Preliminary 2.7 fb™' (13 TeV, 3.8T)

% . EBEB ¢ Data
g 102 — Fit model
aV = t1o
= u +20
P
CIC) 10 =
> =
o F T
1 %jo o0 | es||00
. L N _| . _. hrh'.""a; .
L .
& 2j}mi _______________ } ___________________ * ____________________________________________________________________________
A AV S i
&l + sl o,
§ 2__ ............ + ........................................................................................................................
“7400 600 800 1000 1200 1400 1600

m, ., (GeV)

in 0.5-4.5 TeV in 4 categories: (EBEB, EBEE)x(3.8T, ‘OT)
f(myy) = m

CMS Pre/fmfnary 2.7fo" (13 TeV, 3.8T)

N —

) <
[ |||||||
8-

Events / (20 GeV )

EBEE

¢ Data
—— Fit model

+t10

+t20

(data-fit)/ o,
o
I

7400 600 800

1000 1200 1400 1600

(GeV)
CMEEXO-16- 018

Livia Soffi

Is there a X(750) signal?

11



Masss Spectra @ O T

CMS Preliminary 0.6 fo™ (13 TeV, OT) CMS Preliminary 0.6 fb" (13 TeV, 0OT)
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Upper Limits & P-values
« Show results combining 3.8T and OT datasets
* Spin-0 / Spin-2 results interpretation, for 3 width hypotheses

I'/m =1.4x10"

[/m = 1.4x10"

[/m = 5.6x10
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hypotheses

» Local significance: 2.8-2.90 depending on the spin hypothesis.
— Trial factors from sampling distribution of min(p,).,

considering all the 6 signal hypotheses (spin and width).
C MS Preliminary _ 33 fb” (13 TeV)

- “Global” significance < 16 < [\ RN
A Y P OF A ) N R o S R RS
107" & NS 1% !
E --------------------------------------- 20
10%
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. m=14x102J=0 Y . 306
3.8T category. 107 Combined
F - 0T 0.6 fbo
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1{]_45 1 6 1Ir.|2 7 1.02 8 %02
CMS-EXO-16-018 " g g m. (GeV)
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Combined Analysis of 8 and 13 TeV Data

« CMS presented two searches for diphoton resonances at 8 Te? /

* HIG-14-006: (PLB 750 (2015) 494) search range 150-850 GeV
« EXO-12-045: search range 500-3000 GeV

19.7 0™ (8 TeV)

3 L [ e e e i (P ) P ) F ) e i T] CMS Prehmmary 195 fb-1 (8 TeV)
2 §Allcléssescor'nbined'— a L SR R L
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« Combination in all 6 signal hypotheses tested at 13TeV.,

* At each mass, use analysis with best expected sensitivity:
HIG-14-006 in 500-850 GeV, EXO-12-045 otherwise CMS-EXO-16-018
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CMS Preliminary

331" (13 TeV) + 19.7 b (8 TeV)
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« Largest excess observed at m, = 750 GeV and for narrow width.

— Local significance: 3.4

— Taking info account mass range 500-3500 GeV and all signall
hypotheses, “global” significance becomes 1.60

CMS-EXO-16-018
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Consistency between 8 and 13 TeV

« Evaluated through likelihood scan vs equivalent o,
at m, = 750 GeV under both spin (narrow-width) hypotheses.

, , — Forspin0(gg —» S): 0,,.../O,...,=4.7
» Cross section ratios at 750GeV: . 19TeV? T eTey
— Forspin 2 (RS): O 4.,/ Ogro= 4.2
— Compatible results observed in both datasets.
6lt.‘:l".r‘IS Preliminary 3.31b7 (13 TeV) + 19.7 fb (8 TeV) ECMS Preliminary 3.3f7' (13 TeV) + 19.7 b7 (8 TeV)
- B -l B
3 F m=750, J=0 3 F m=750, J=2
< 5 +=0.014 x 102 < 5f L -0.014x10?
od ° olu
N —— Combined Spln-o — Combined
4r —_gTeV 4r — 8TeV
N —— 13TeV B — 13TeV
3 31
23— 2—
1 1= /
N - BT o 6 8 10
U13Te"u’ . BY , {fb] 0'1 3TeV | B«ﬂ. (fb)
CMS-EXO-16-018
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/+Y Resonances

« Search for new resonances decaying to Z+y could shed more
light on the 750 GeV excess

* Look for A= Z+y, with either Z/— ee or Z—-pu

Signature: clean final-state topology giving rise to a
clear pedak in the invariant mass distribution

« Similar signature as in diphoton analysis — Search strategy
measures the non-resonant background directly on data, and
looks for localized excesses

« M, in 50-130 GeV

- Dedicated » P, >25.20 GeV

event selection:  * P, >4/15M,
. I\/IZY > 200 GeV

CMS-EXO-16-019
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/+Y I\/Iass Spectra
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/+Y Analyses Results

19.7 fb™ (8 TeV) 200 CMS Preliminary 2.7 (13 TeV)
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< f o 150 -
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£ T o N ]
o 32 _ ]
a | o 50F .
19F . 8TeV > :
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13 TeV results do not include
/-1 BR

CMS-EXO-16-014
CMS-EXO-16-019
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in the hunt for new physics

* Diphoton resonances search offer a powerful way to probe
BSM physics

* Low-significance excesses seen in diphotfon channel around a
mass of 760 GeV and narrow natural width

— Local (global) significance of the excess (8+13 TeV):
3.4 (1.6) c

« Getting ready for more data and investigate new aspects of the
resonance:

— width and spin measurements
— associated production: yy+X
— correlated final states (WW, tt, VV, 2y, YY->Yyyy)

Livia Soffi Is there a X(750) signal? 7]



Back to a couple of months ago...

LHC Seminar 03/29/16:
hitps://indico.cern.ch/event/473192/

CMS Preliminary 331" (13 TeV)
_____________________________________ 1c
7777777777777777777777777777 20
77777777777777777777777777 30
10-4 1 1 1 1
5x10? 6x102 7x10? 8x102
m,, (GeV)

¢
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Back to a couple of months ago...

LHC Seminar 03/29/16:
hitps://indico.cern.ch/event/473192/

Do you believe Is
there a X(750) signal?

CMS Preliminary 3.31b" (13 TeV)

------ 3.8T 2.7 "
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BN

—=
m
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Back to a couple of months ago...

LHC Seminar 03/29/16:
hitps://indico.cern.ch/event/473192/

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV
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CMS

detector for Run2

tracker: ColdOpersion

R
| ~1 m2 Pixels (66M channels)
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tations of

3.8 T Solenoid’

ECAL: Electromagnetic
calorimeter - 76K PbWO; crystals
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21 m long Scintillator samplmg hadronic v
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CMS Performance in RUN 2

Active Detector Fractionin 2015
Active Detector Fraction as of 3 Nov 2015 >9 60/o

Pixel

Strip

EB+EE
EB
EE
ES
HCAL
Hi |
HE
HF
HO |
DT | T ——

RPC
CscC

96

Fraction (%)

« CMS magnet operated
intermittently during 2015 due to

Available datasets

persistent problems in the Magnet Integrated
cryogenic system Field Lumi
#1 3.8T Up to 2.8 fbo'!

* Data collected w/o magnetic
field are available to be used in | #2 OT 0.6 fb"!
physics analyses

_(
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ECAL Energy Resolution

or 2.8%

E | \/E(Gev)| E(GeV)

The stochastic term
Includes contributions
from the shower
containment, the
number of
photoelectrons and the
fluctuations in the gain
process.

| | 12ﬂfﬂ |
D | & 0.3%
Y |
v
The noise term of The te
12% at 1 GeV the energy resolt

corresponds toa  electron and pho
single- channel depends on non-
noise of about 40 longitudinal lig
MeV, giving 120 leakage from the
MeV in a matrix of orimeter, single-
3% 3 crystals. uniformity and st

The beam test setup was without magnetic field, no inert mate
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Igh-p, Photons IDs

» Seft of identification criteria unchanged wrt EXO-15-004
Per-diphoton efficiency of 80-20%

photon category Isocy cut (GeV) | Iso, cut (GeV) | H/E cut | o, cut
Hsc < 1.4442 non-sat. 5 275 | 5x 107 | 0.0105
Nsc < 1.4442 sat. 5 275 | 5x10~2] 0.0112
NJsc > 1.566 non-sat. 5 20| 5x 1072 0.028
Nse > 1.566 sat. 5 20| 5x102 0.030

conversion-safe electron veto applied for all categories

EB EE

Iso,, (GeV) < 3.6 <3

Nk < 4 < 4
Tinin < 0.0106 < 0.028
Tipip | < 0.0106 | < 0.028

Nmiss:'ng hits > 1 > 1

ISOy = 1E,; of photons inside a cone (AR < 0.3)

N
o

o
N

frk
inin
[ollo]

missing hits

missing hits -

= number of fracks inside a cone (AR <0.3)
= shower transverse width along n ¢
= shower fransverse width along ©
(electron veto): photon candidate selected either if no gsflrack
associated (N =-1) orif the associated gsfTrack has N

> ]

missing hits
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Energy Scale Corrections

« Simultaneously adjust energy scale (data) and using Z
peak event.s; A
— data

f B
:
l >
1
|
| X " ®
|
—— = | E—

M, (GeV) M, (GeV)

- Stability vs E. checked with boosted events up to ~150GeV.
» Deviations within 0.5(0.7)% in barrel (endcaps).

>

Events / (0.5 GeV

%10° CMS Preliminary 0.6 fb™ (13 TeVv, OT)
T 1 I 1 1 T 1 1 T I | 1 T

10°CMS Proiminary 2.7 fo (13 Tev. 36T) & T T e Dedicated
g R o0 o | e “u2 | energyscale
_ Wsirmuiation s | Hsmaain 1 calibration
©r 3.8T i g o OT 1 with0TZ - ee
i , ~ | events
20 |- - ]
0_ . . — o l .w!
80 90 100 80 90 100 -

Mg (GeV) Mg, (GeV) ‘
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igh-Mass Diphoton Searches in CMS

Ref Title M, range interpreted as
[GeV]

spin-0 | spin-2 | Narrow | Large
width width

PLB 750 Search for diphoton resonances in the | 150-850 v v v v
(2015) 494 mass range from 150 to 850
GeV in pp collisions at Vs = 8 TeV

EXO-12-045 | Search for High-Mass Diphoton 500-3000 | X v v v
Resonances in pp Collisions at
Vs = 8 TeV with the CMS Detector

EXO-15-004 | Search for new physics in high mass 500-4500 | X v v v
diphoton events in proton-proton
“m collisions at Vs = 13 TeV
EXO-16-018 @ Search for new physics in high 500-4500 ¢/ v v v
mass diphoton events in 3.3 fb?! of
w proton-proton collisions at Vs=13
& TeV and combined interpretation of

searches at Vs=8 TeV and 13 TeV.
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DiPhoton Search Additional Infos

« 3.8 T: Background composition extracted from a template fit
— Purity for yy events: 80-90 % (EBEB) and 70-80 % (EBEE) (~
unchanged wrt EXO-14-004)

* O T: Template approach cannot be used (relies on charged
Isolation)
— Lower predicted purity for B=0T: 70-80 % (EBEB) 50-60%
(EBEE)

* Event migration studied for events with M > 500 GeV
For EBEB: ~10% events go out, ~10% go in
For EBEE: ~10% events go out, ~20% go in

e



Background shape mismodeling

« Goodness of fit of background model assessed locally
(as a function of myy) using MC
 Study pull of predicted number of background events in several
mMass windows

w; w;
; N;”r B N;I?j _ﬁf B N 5 — N,
= ! ] w;
(e A T

 Model acceptable if b = | median(p) | <0.5 for all windows
* [f NnoOt, increase error by “bias term”

* Bias term included in hypothesis fest adding a signal-like
component to the background model

N, —0,. 0,
bkg(myy|6bias) = N ) - - bkg(myy)+ o Sig(myy) ‘G(JUS(@ |O’Nbias) 3

bkg bias
N bkg N bkg

|
A



Exclusion Limits: (3.8 T+ O T+ 8 TeV)
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Spin 2 combination and LEE

Including “look elsewhere effect” for all
spin & widths hyphotheses:

* Pseudo-experiments to compute bkg-
only p-values for full search region for
each dlternative hypothesis

 Min(pP0) for each pseudo-experiment
considering all hypothesis (I', J, Mass)

« Compare global significance
distribution with observed value

» Global significance from observed
excess is smaller than 1 o for 13 TeV
analysis and 1.6 for 8+13 TeV combined
analysis

CMS Preliminary
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/+Y Resonances

« Search for new resonances decaying to Z+y needed o

disentangle new physics in the high-mass range

* Look for A= Z+y, with either Z/— ee or Z—-pu

Signature: clean final-state topology giving rise to a
clear pedak in the invariant mass distribution

\s Lumi Background Mass Search | Natural Signal model | UL 95%
(TeV) | (fb) model Range (GeV)  width (fb)
HIG-16-0014 | 8 19.7 Fit m, dafa w/ | 200-1600 1% From 0.15-3.8
three simulation
exponential
functions
EXO-16-019 13 2.7 Fit m, dafa w/ | 350-2000 1.4 x 10%%, | Parametrized | 50-300
f=pno+ologm 9.6 % Model from
simulafion
Livia Soffi Search for BSM physics in final states with leptons and photons at CMS A
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