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Introduction Physics

Carnegie Mellon University

M Discover new boson consistent with Higgs
MConfirm boson is Higgs

dHierarchy problem: Why is Higgs so much lighter than apparent unification
scale (Planck mass)?

JGauge coupling unification
(Dark matter: Stable, massive, weakly interacting

e SUSY appears as potential answer to each question
* Gauge mediation one of the simplest, most robust breaking mechanisms
e Gravitino LSP and (usually) photons from bino-like NLSP
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Razor H - yy (SUS-16-045)  Physics

Carnegie Mellon University

* Higgs bosons can result from a wide range of SUSY decays

* Most models also involve large hadronic energy (from strongly produced SUSY particles)
and missing energy (from stable LSPs)

* Many possible scenarios: Motivates an inclusive search for anomalous Higgs

production at high H,, MET tr i
................... R
* H - yy is among most -y e
. by

accessible channelsdue  // il h
to suppression of ¢ t e
backgrounds b e

t h 770
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Event categorization Phys’fcs

Carnegie Mellon University

 Select Higgs candidate

* 2 high-pT barrel photons with . > L HighPt ]
103<M,, < 160 GeV | |
* M, used as discriminant / background estimate
 Compute razor variables THy € (110,140) Ge v
| >

* At least 1 high-p; jet for razor variables [ H(yy)-HZ(bb) J

 Compute jet hemispheres j1 and j2
_ i1 22 j1 2\ p2 M7}32 Nl
Mp = (@t +p/%) —(pz +D; ) R =(—)

MR
[ . . . ) Y
* Categorize events to maximize signal-to- Oy, I Myy < 0.85 %
background discrimination

e SUSY signals often involve additional Higgs or Z B Nl

* High resolution category for generic enhancement 3 LowRes |
of Higgs over non-resonant background |

A 4

t HighRes]
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* Improvement in sensitivity over previous

result

* Strong sensitivity
even at low
neutralino masses
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Limits on sbottom model

Physics

Carnegie Mellon University
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Photon + p™iss (SUS-16-046)  Physics

Carnegie Mellon University

e Gauge mediated supersymmetry breaking (GMSB)
e Gravitino G lightest SUSY particle (LSP), stable
* Lightest neutralino )"(g’ next-to-lightest SUSY particle (NLSP), prompt decay
* Bino-like neutralino decays with high probability toy + G

* Properties of the final states:

* At least one high-p; photon
* Require p}. > 180 GeV

e Significant missing transverse momentum p?**sS from stable LSP
« pMUsS > 300 GeV, My (y, pf*'s) > 300 GeV

* Hadronic jet activity H; depends on production mechanism
* No requirements on leptons, jets, or H;
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 Divided into 4 exclusive regions based on S’T/

* Use simplified SUSY models

e TChiWg: Ewk production, assumes mass-
degenerate ¥, %i co-NLSPs
 T5Wg: Gluino production to ewkinos
* Signal shown stacked with background
contributions
* Take TChiWG M3 = 700 GeV
* Take TSWg Mz = 1750 GeV, Mz = 1700 GeV

 Signal contamination accounted for in limit
* Negligible in all non-excluded phase space
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Signal region

Events / bin

ratio

Physics

Carnegie Mellon University

CMS Preliminary 35.9 b1 (13 TeV)
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Compact Muon Solenoid

* T5Wg cross section assumes mass-
degenerate X3, %i co-NLSPs

* Can exclude gluino masses up to
2.1 and 2.0 TeV respectively

* Weaker limit at low neutralino mass

1=

(S
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Interpretation (strong
production models)

* T5gg and T5Wg simplified SUSY models ’-'

CMS preliminary  35.9 fb™! (13 TeV)
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Carnegie Mellon University

W=

CMS preiiminary  35.9 fb™! (13 TeV)
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Photon + EMH; + piHss (SUS-16-047) Physics

Carnegie Mellon University

* Gauge mediated SUSY
e Gravitino G LSP, stable
e Lightest neutralino X3 NLSP, prompt decay
* Allow chargino )Zli co-NLSP
e Assume strong (squark or gluino) production

* Properties of the final states:
* At least one high-p,, central photon
* Require py. > 100 GeV
e Significant missing transverse momentum p?**sS from stable LSP
o pMUSS > 350 GeV
* Significant transverse energy EMH; from jets and photon
« EMH, =Y, pl + p¥ > 700 GeV

7/6/2017 EPS-HEP 2017 9



Compact Muon Solenoid

* Divided into exclusive regions based on EMH; and pr

Signal region

 Signal shown stacked with background contributions

* See definite (local) excess 3
in next-to-last bins

~
[%2]
e
c
()

* 2.30 and 2.20 respectively > 105

Data/Predict.
Bkg. fr

7/6/2017

—
S

actiong

o -
oy AL

35.9 b (13 TeV)

T
S EMII-I <2TeV |A¢|>OC4
= Jreliminary —+— Data
Non-genuine p’’ miss

Y
— T5Wg 1600 100
------- T6gg 1750 1650
w2 Total uncertainty

5
©
_ E
E O
prd Validation
200 400 600
pTss (GeV)

EPS-HEP 2017

miss

Physics

Carnegie Mellon University
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Interpretation for strong Phy Shos
production models

e Same T5gg and T5Wg simplified

Carnegie Mellon University

models as in previous analysis g G
e Similar expected and observed limits at
high gaugino masses W
. . . CMS Preliminary 35.9 ﬂ’)—1 (1 3 TeV) ) . CMS Preliminary 35.9 fb_1 (1 3. T(_aV)
» Effect dominated by agreement in 3 oo B cun A 8 5 ool B8 highest
bin T | Fepeeas 1oar Jo 8% | Sepeoaztoan, o
25001- i 8 £ 2500L 3
e, 0 . - NLO-NLL exclusion g - NLO-NLL exclusion g
e Less sensitivity in T5SWg for ‘B ‘R
My ~ My, due to on-shell W 12 e 2| 2
production s 1z
r o C o L
500 = do 500 4 do
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Conclusions Physics

Carnegie Mellon University

* No evidence of SUSY in photon channels yet
* Interesting hints in some regions, at local 20 level

* SUSY provides excellent framework for studying a large variety of final states
across range of mass hierarchies

 Strong (and growing) program of photon-inspired SUSY searches at CMS
 Many powerful searches in photon final states covering very large phase space

* Higher luminosities could lead to new innovations
* Final states with photons and b jets
* Long-lived scenarios
e Stealth scenarios
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Backup I"h%/lcs

Carnegie Mellon University
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SUS-16-045 results: High-p, region Physics

Carnegie Mellon University

* Single exponential fit to non-resonant background

* Double-sided crystal ball Background-only fit
fitted to MC simulation (includes SM Higgs) Signal + background fit
used for both SM Higgs _ cms preimnay 3597 (13TeV) | CMS pretiminary 35.9 o' (13 TeV)
and SUSY signal g b T .
» 35.9 fb: High-p, < 12;, 12
M. > 600 GeV, R2>0.025 g 3 5 O I
No=48+63-070 ol LA Ll DR )

—_—
Py
*
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6= S;TT"‘ T i '“'I"l
il | TV Al T
ﬂHH - 1T il EHH I
A L U P b N
110 120 130 140 150 160 110 120 130 140 150 160
m,, (GeV) m,. (GeV)
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Signif Physics
SUS-16-045: Significance of all results ‘%/

Carnegie Mellon University

* Most deviations within 10 CMS Preliminary  Razor Hyy Search  35.9fb™ (13 TeV)
? A
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SUS-16-046: Determination
of e = y background

e Data driven estimate of e - y fake rate
* Require pixel seed in photon selection

Physics

Carnegie Mellon University

¢ U Se tag a N d p rO be tO CMS simulation Preliminary 35.9 b (13 TeV) CMS simuilation Preliminary 35.9fb™ (13 TeV)
. ope Ft, T T ‘ ‘ \ T T ‘ L = F ) T T I T T T I T \ \ 3
determine probability e 7, $ genmatched ey % + genmatched ey ]
reconstructed as 102 7% e ey 1027 7% —_ predicted ey
v % >> Gstat, pred ? - //‘?/% >>/§ Sstat, pred ]
L i I i - / 4 Cssyst, pred - B 7 Gsyst, pred
Scale distributions by 10 % 10 %,

resulting factor f,_,,

N
&
N
§

(Events / GeV)
(Events / GeV)

* Measured in both %, 4
° . 10_1 é - 4
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SUS-16-046: Fit of Vy and y+jets

C MS Pre!;mmary

3
Physics
Carnegie Mellon University

35.9 fb (13 TeV)

4000,_ + data
e Simultaneous fit from MC simulation of Vy :
(dominant) and y + jets to data in control

region

- Template fit using Ap(p¥

n

w

o

o

o
[

MISS nearest jet ory)

Evenl\gs / bi
(@]
3

1000

e Subdominant backgrounds fixed

pull

I fixed bkg — total fit
& Gsyst, fixed % css,la\t

V(+y) 0. 87+0 06
y+jets: 1.83+0.06 |

AGI(p? i ,nearest jet/y)
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SUS-16-046: Plots in control
and VR (S;¥ < 600 GeV)

* Control region (CR) has 100 < pIiss < 300 GeV and
100 < My (y, pP*s) < 300 GeV

Physics

o Va“dation regiOn (VR) haS CMIS.‘Tre."im/{]a.Tyl - ?5.|9f?’1‘(13|T(|eV) CIIVIISJIJrelnmlm?ryI I |35|.9|be1(|13|TeIV)
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) )
« CV — miss ¢ £ 1
SY = ipr(r) + PP 5 s |
* Vyandy + jets from S )
simultaneous fit to data in |
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* Fakerateofe > yfrom 7 tre—w—w—m—as 7 ot
data via tag and probe R I T ] e
400 600 800 1000 1200 400 450 500 550 600
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e TChiWg simplified SUSY model

. ~ ~+
» Cross section assumes mass-degenerate X7, X1

co-NLSPs

 Exclude NLSP masses below 750 GeV L

at 95% CL

7/6/2017

SUS-16-046: Interpretation
(electroweak models)
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SUS-16-046: Interpretation
(strong production models)

* Tegg and T6Wg simplified SUSY models | |
* T6Wg cross section assumes mass- >Kif X6 >Kif O

Compact Muon Solenoid

Physics

Carnegie Mellon University

~O ~i e i? Y =~ i‘i‘: ;
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productlon cross section i 3 -BR(A - qr)=05 1 S
15001~ - 2 1500 — 2
i o B ] o
E g E
1000}~ ~ = 1000 - =
g I g
Qo o
L ] 1 5 L = 1 =]
500 41 3 500 11 &
o, Sy, 1,1l @ i R IR | B

1200 1400 1600 1800 2000 1200 1400 1600 1800 2000

mg (GeV) mg (GeV)

7/6/2017 EPS-HEP 2017 20



SUS-16-047: Closure tests

* Fromy + jets and H;-binned QCD simulation

Physics

Carnegie Mellon University

* Points from direct simulation (including non-prompt QCD photons)

.. . 35.9 b (13 TeV)
* Prediction from shifted 3 | fems splaien 70 7T
. . . 0] g 1 <2TeV, |A0>0.3 ]
jet selection appliedto 3 jpf ™ 4 oo
. . c E E
SImU|at|0n % 102? ‘ Non-genuinep?isspredic:tionfE
M - 7 Total uncertainty E
* Find very good agreement 108 %, 7 E
rE ;
L 8 .
e
1072? 3 Vahdatlon __________________
o 2f
©
- 1“%%%W%%
o200 400 600
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SUS-16-047:e > v
closure on simulation

e Similar to previous analysis

Physics

Carnegie Mellon University

* Determine an electron-to-photon misreconstruction probability via tag and

35.9 b (13 TeV) 35.9 fb" (13 TeV)
prObe % ¢MS Stmu!arron L %_, 10—1,— CMS S:mu.'atron S
. ® | Preliminary EMH < 2TeV, |A¢>0.3 0] - Preliminary 2TeV < EMH,, |A¢[>0.3
* EStImate baCkground by :cn: ‘_.,' "'- + Direct simulation E E W + Direct simulation
scaling control region g ) i | 8| —
with electrons by this rate | W vy 10 V) romuncaray
. 107" E
* Method applied to ; e 3
simulation to show closure 102, wa / >
e} ) e I 2F—+—+— — : —
&“%Wyﬁﬂ %;/&“1%%%%%%%%%%
% 400 600 O 200 400 600
mISS (GeV) mISS (GeV)
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SUS-16-047: Endcap data Physics

Carnegie Mellon University

* Control region: Require lead photon to be reconstructed in endcap
* Signal stacked with background prediction

. . . -1 -1
* No signal contamination, - 1¢trems——— SS9 (A3 TeV) cms 35.9 fb” (13 TeV)
as heavy particles decay © iy Do et o 0 o e
W W
centrally 2 s £ o -
S 10°F — 12 o —
° M . Lﬁ ik H R — :el';\xlg 1600 100 Lﬁ R — :el';\xlg 1600 100 ]
¢ PfEdlCtlonS agree Wlth 108 &3, 2, Teggt7s01650 {0 o0 [T e Tégg 1750 1650 ]
E 7772 Total uncertainty %24 Total uncertainty E
data within uncertainty 1
10E s | e
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® B0.5! 25
S GV © &0.5
LE o— e Q
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SUS-16-047: Interpretation
for strong production models

 Same Tégg and T6Wg simplified L“/f

models as in previous analysis > e G >4Jf o

Physics

Carnegie Mellon University
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