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New physics search motivated by supersymmetry

Supersymmetry is a required symmetry in supergravity and is the only possible way
to combine spacetime symmetries and mternal symmetries. Standard particles  SUSY particles

Supersymmetry: boson <-> fermion B
Standard particles SUSY particles
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Search regions: (missing) transverse momentum
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Object and event selection

particle candidates (Particle Flow algorithm)
e jets: anti-KT algorithm, || < 2.4 (Hr, n(jets), A¢), and || < 5.0 (HT™*)

e clectrons (muons): isolated, pr > 10 GeV, |n| < 2.5(2.4)

e trigger: H¥ and EX5 > 100 GeV

e Hr =3 :(pr); > 300GeV

o HY™ =| =3 (Fir);| > 300 GeV

e n(jets) > 2

e n(e), n(p) =0

o Ad(j1, 52, 73, j4) > (0.5,0.5,0.3,0.3)

e n(iso. track) =0

' EM calorimeter

. . . '/ / Strips tracker
e event cleaning, pileup mitigation "/ Pixel detector

Interaction point
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Backgrounds: data-driven estimates

e Ztoinvisible:
(Z = neutrinos ) + jets
e Lost lepton:
(ttbarto ) W= [ev,, kv, I+ jets
e QCD:
QCD multijet events with missing
energy from mismeasured jets
e Hadronic tau:
(ttbar to ) W to tau + jets
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Invert lepton veto
l+ q / Acceptance reconstruction  isolation Lepton
to select ’ e/ U > = found!
) W i —y Fail Fail Fail
single-lepton f Vv, q v v v
~Outof -~ Nt Not
control Sample — ~acceptance ' reconstructed . isolated
Scale control
sample to
O-lepton
prediction using
efficiencies:
a. Reco (data)
b. Iso (data) )
c. Acceptance Noe = (€ NObS) —%, o = P(acc)P(rec|acc)P(iso|reco, acc)

(simulation) (+ terms for 2-lepton contamination, iso track veto)



Validation of the lost lepton background estimation
CMS Simulation 359fb (13 TeV
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Hadronic taus from W » tv_+ jets

Select single-muon collected with single muon
trigger (online pT > 27-30 GeV);
Reweight muon events with efficiencies derived
from data-corrected simulation (sim.);

Smear muons using tau response templates (sim.),
CMS Simulation

Direct
Prediction

35 9 fb (13 TeV)

.......

Hadronic t-lepton background
¢  Direct from simulation

Treat simulation like data
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Z to invisible (Z = vv + jets)

CMS sSimulation 35.9 fo' (13 TeV)

1. Select single-photon events and E’:Z | IZ*:Vbf;ffj;f:;‘isimul;m
remove photons = photon+jets CS WES e gL, (e

2. Select events with opposite-sign e/u P B R A BT
with invariant mass m, and remove ! ‘*1"
leptons =+ dilepton+jets CS S I L IS 0 O L I I D

3. Get Z/y ratio from simulation and ‘g;g”i' FNTIE R T -,hi saniacitd:
data/simulation scale factor RR ] S D I RS I M S -1(';*0{ Lo

Search region bin number

4. Reweight photon+jets CS with Z/y ratio
for Ob bins

5. Use dileptontjets to get scale factors
to extrapolate to bins with n(b)> O

NZ—H/D = RRSBE . R Z(vv/v)] - € N,‘;bs
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QCD multijet background

2 methods:

e Delta-phi extrapolation
e Rebalance and smear

S. Bein, M. Niedziela, J. Sonneveld
a1 Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Formerly involved in rebalance and smear:
e Christian Sander

Matthias Schroder

Kristin Goebel

Jet 2

" Jet 1

Jet 3
(mismeasured)

T T T T

QCD
t—hadrons 3

Lost e/u 3

Z—vv —

HY'"** [200, 300 GeV] -

Sue Ann Koay (original work: http://cds.cern.ch/record/1382400 )
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http://cds.cern.ch/record/1382400

QCD-dphi: Delta-phi extrapolation

1.  Obtain extrapolation factor low delta-phi = high delta-phi from data;
2. Obtain extrapolation factor low MHT =» high MHT from simulation;

3. Extrapolate a background prediction in the signal region as in “ABCD method”.
CMS Simulation 35.9fb (13 TeV) .
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S. Bein, M. Niedziela, J. Sonneveld
}hi Universitat Hamburg
QCD_rnS: Reba Iance a nd Smear DER FORSCHUNG | DER LEHRE | DER BILDUNG

inclusive multijet data = QCD particle-level jets = QCD detector-level jets

1. Rebalance event back to particle-level Rabalinot
like QCD event (low-MHT);

2. Smear the particle-level jets by
randomly sampling a jet response (from T
simulation).

Smear

FAKE
MET
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A¢ prediction
R&S prediction

QCD-rns: validation
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DER FORSCHUNG | DER LEHRE | DER BILDUNG

35917 (13 TeV)

7<N_<8 N >9

jet — 1 jet
QCD background
¢ Prediction from low-A¢
Prediction from R&S
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Largest uncertainty: jet
energy resolution scale
factors, especially from
the tails in high MHT
regions.
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35.9fb' (13 TeV)
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CMS 3591 (13 TeV)
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Summary

Search for supersymmetry in the all-hadronic channel with data-driven background
estimates:

e No significant excess BSM prediction is observed;
e Interpretation in terms of simplified models sets show sensitivity to gluino
masses of 1800-2000 GeV assuming a light LSP;
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Additional material
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QCD—rnS: RebalanCing an event DER FORSCHUNG | DER LEHRE | DER BILDUNG

* Rebalance by maximizing the posterior density:

P(j;)art‘jmeas) 5 P(jmeas‘t]_l;art) : 7T(j}’;>art)

P(Jmeas’Jpart) = H:L;elt P(pﬁmeas | pﬁpart) = 1_[?;61t P(Cl I pﬁpart)

= 6r — Or * Rebalance by maximizing the posterior density:
s f p (parton) 28-30 GeV g p(parton) 240-260 GeV . B . - —
T 5[ n(parton) 0-0.5 £ 50 n(parton) 0.5-1.0 P{par|Jmeas) ™ PlJmess| Jpars) 17 Soars)
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AT r e
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[ g 1072 Prior (nb=2, H, = 1000-1500 GeV)
2 e
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QCD-rns validation

Ao, AQ,, AG,, Ap, H >500 GeV, HI'™* > 150 GeV

g CMS S;fmulationESupplementary 35.9 fb' (13 TeV) A9, A, AD, A0, N 22, H > 500 GeV, H:‘iss > 150 GeV
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QCD-rns validation

N 2 2, H_> 500 GeV, Ag(inv.)

Ag, A0, AD A9 N 22, HT'™* > 150 GeV g 108 CMS Simulation Supplementary ~ 35.9 fo™' (13 TeV)
6 , : :
% 10 %?CMS Simulation Supplementary ~ 35.9 fb™ (13 TeV) % 107 arXiv-1704.07781 QCD background with R&S
:":“ 105 I;_arXiv:ﬁ 04.07781 QCD background with R&S g 6 ¥ direct from simulation
5 E v i . ; o 10 . -
o - direct from simulation S B Treat simulation like data
=104 E B Treat simulation like data 10
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QCD-rns: validation

Ao, Ab, A9, N 22, H >500 GeV, H'** > 150 GeV

Lo} F A > miss
@ = CMS Simulation Supplementary  35.9 fb™ (13 TeV) s 9y 49, A, Niys 22, Hy > 500 GeV, H;™ > 150 GeV
& - 8 CMS Simulation Supplementary - 35.9 fb™ (13 TeV)
5 o : )
La, - arXiv:1704.07781 QCD background with R&S :@ 107 .
L% i %  direct from simulation 8 arXiv:1704.07781 QCD background with R&S
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