Search for supersymmetric partners of
neutral Higgs bosons at CMS

Henning Kirschenmann
on behalf of the CMS Collaboration

I 2 5% international conference on supersymmetry and unification of fundamental interactions

@INKI INSTITUTE OF PHYSICS
v“-b-v 1“*..{4:. e
SUOMEN AKATEMIA [ im

--“'gi ‘\ ’ - - .q——-w

N 3
2

o

N &

c

o

e

5

©

g

g

N o

V 77

Y78 3




The case for higgsinos

NLO + NLL Tool, C. Borschensky et al NLO + NLL, pp, V_ s =13 TeV Excluded masses (model dependent)
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» Classic naturalness arguments require light, only hlggsmos enter Higgs mass at tree level
gluinos, stops, higgsinos my

9 ‘M2|+m%{“+o<taizﬁ>
» Gluinos and stops with largest cross
section, strong exclusion exist
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Analyses covered here
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GMSB: HH—bbbb

ﬁaseline selection:\

H Goldstinos

- (neligible mass) Of, 4-5 jets
Y o Np,1 = 2
| poniss > 150 GeV
P | 559 Track veto
Ap1o > 0.5,A¢34 > 0.3

Am| < 40GeV
ARmax < 2.2 J

» Search for new physics in the HH+MET final state
» Sensitive to higgsinos in the context of GMSB

» Utilise largest Higgs branching fraction to bb

» Reconstruct two H—Dbb candidates in events with 4 or 5 jets, Ol, and
MET > 150 GeV
» Minimise mass difference Am = Im(H1)-m(H2)I, calculate average
,mass (m)



Background estimate
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» Measure background {m) shape in 2b sample

» Prediction for 3b and 4b samples normalized with {m) sidebands
» Shapes also agree in data NHIG NSBD Ny, ©

» Main background: ttbar and Z = vv
S

NSBD



Control regions for main backgrounds

CMS 35.9 fb” (13 TeV)
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Improvements in algorithms...: HH—bbbb

\s=13 TeV, 2016
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» Signal regions: 3b/4b xMET[150,200,300,450,Inf]

» First users of DNN-based b-tagging using ~same inputs as previous standard (and
successors already on the way)

» These are the kind of object improvements that help surpassing luminosity scaling of limits

» Exclude GMSB Higgsinos between 225 and 770 GeV
/



GMSB: H—>yy razor Vinay’s talk for details

H Goldstinos

e (negligible mass) ;T =
p X @Y > 110 G@ Y i
mHpp, € (110,140) GeV
n s
» Require 2 photons in barrel =~ \%4bb € (76,106) Ge}, | i
region, in Higgs mass window N l |
(103-160 GeV)
» Require 1 pt>30 GeV jet for @/mw <0.85 % Y R
razor variable computation

» Categorize events to maximise Nl
signal-to-background S
discrimination

Event categories are
exclusive (no overlaps)
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5 CMS Preliminary 35.9 fb-1 (1 3 TeV)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

Limits depend on branching fractions
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10 \\Z EWK Combination (SUS-17-004)

Most sensitive analysis (expected)



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

Limits depend on branching fractions
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Most sensitive analysis (expected)
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Neutralino-chargino ( X3-Xi ) pair production
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» Multilepton analysis (see Leonora/Laurent) excludes a large part of phase space also in this model
» However: Not very sensitive in compressed region + WZ-corridor Mx2 /5" ~ Mz
» Add Ht binning to improve sensitivity in WZ-corridor (SUS-17-004)

1>1 Soft opposite-sign leptons specifically tailored for compressed (higgsino motivated) region

o
.
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Soft opposite-sign leptons

» Light higgsinos would likely /\
have a compressed mass A
spectrum xgc’fﬂ @

» Results in low pt decay "
products e %

» Target this signature with ﬁvﬁx
soft leptons g eGMSPrelmnay 3591 (19TeY)
» Rely on events with large &, FF" > 250 GeV Crrcaisoco -
ISR boost for sizeable MET aw
» PT(W): 3.56—30 GeV
» pT(e): 5—30GeV g E

» Backgrounds: W+jets, 1L/2L B — |
tt, Z—tau,tau | O -

» From MC normalized to g g e s f
data in control regions =S L | _
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Soft opposite-sign leptons

» Light higgsinos would likely
have a compressed mass
spectrum

» Results in low pt decay
products

» Target this signature with
soft leptons

» Rely on events with large
ISR boost for sizeable MET

» pT(H): 3.5—30 GeV
» pT(e): 5—30GeV

» Backgrounds: W+jets, 1L/2L
tt, Z—tau,tau

» From MC normalized to

data in control regions
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Neutralino-chargino ( X2-X; ) pair production combination
pp — X3 X
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EWK Combination (SUS-17-004)
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Conclusions
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» Improving reconstruction and analysis téchniques IS key for probing beyond “early SUSY”

» Improved trigger for soft opposite-sign lepton search (muons down to 3.5 GeV) and DNN-b-
tagging for GMSB HH—bbbb search prominent examples

» No supersymmetric neutral Higgs boson partners found, yet, but putting everything in place to

14

harvest Run 2 dataset to the fullest
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Particle Flow (PF) approach
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Supersymmetry or Supercemetry?
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Selected CMS SUSY Results* - SMS Interpretation

ICHEP '"16 - Moriond '17
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18 2l soft (Max exclusion forM, . -M ,sp <40 GeV)

CMS Preliminary
\s =13TeV

L=12.9fb"'L=235.9fb"

For decays with intermediate mass,
mIntermediate =X m|\/|other-|_(.I -X)' mLSP

0 200 400 600 800 1000

*Observed limits at 95% C.L. - theory uncertainties not included
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Only a selection of available mass limits. Probe *up to* the quoted mass limit for jus ~0 GeV unless stated otherwise

» No surprises with full
2016 dataset

» But: Simplified Model
Searches (SMS) trick
the eye (e.g. typically
assume 100%
branching fraction in a
particular channel +
mass degeneracy

» Focus on
compressed/EW/
Higgs/VBF and usage
of new tools



Neutralino-chargino ( X3-A;
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» Multilepton analysis (see Leonora/Laurent) excludes a large part of phase space also in this model

» Add Ht binning to improve sensitivity in WZ-corridor (SUS-17-004)
» Soft opposite-sign leptons specifically tailored for compressed region

18

» However: Not very sensitive in compressed region + WZ-corridor Mx3/x+ Mg ~ Mz

X1



