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MET

ET'* — imbalance in the transverse momentum
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“Real” MET

Real E'** — is MET that comes from invisible particles (neutrinos)
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Fake MET

Fake E7”-‘iss — is MET that comes from jet energy mis-measurement
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Can we get back to the truth-level jets?

Rebalance the event (rescale the jets)
by maximizing posterior density:

,P(uftrue‘jmeas) ~ P(jmeas‘;'ftrue) W(Hmiss

A true

T ,true’

jet responses functions obtained from simulation that has been corrected by

data/MC jet energy resolution scale factors (see Marek's thesis)
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Rebalancing “restores” jet pr

P(Firve| Tmeas) ~ P(Tmeas| Tirue) 7(HT15es MBS fimiss
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real MET contamination contam. transferred to the bulk

@ (right) looking at jets in simulated QCD
events with HT"** > 120 GeV

@ rebalancing improves the JER, recovers
missing energy

lead jet resolution
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Smear jets to arrive at detector-level sample
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Smearing gets you back to where you started

Niets 2 2, H > 500 GeV, Ag(inv.)

CBD 108 CMS Simulation; Supplementary | 35.9 fb™ (13 TeV)
% arxiv:1704.07781  [ocp packground with R&S
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Smearing gets you back to where you started

Why this seemingly useless circle?

N 2, H, > 500 GeV, Ag(inv.)
CMs i y 359fb" (13 Tev)
iv:1704.07781

QCD background with R&S
¥ direct from simulation
B Treat simulation like datal
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Why this seemingly useless circle?

rebalance
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real MET contamination contam. transferred to the bulk CS small here

@ after R&S, the reaI-E?-qiss is gone
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Why this seemingly useless circle?

CMS simulation preliminary Vs =13 TeV (1/fb)
Weights:

Baseline selection I M. QCD (R+S)
=== sim. TTJets (R+S)

sim. TTJets
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Why this seemingly useless circle?

CMS
simulation

[N Rebalance and smear DY+Jets
—e— DY+letsMC

Events/GeV

truth / method

120 130 )
@ after R&S, the real-ETs is gone

@ you can smear the rebalanced event
multiple times
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obs./predicted
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Why this seemingly useless circle?

137.0 fb™* (13 TeV)

Lost-lepton/had. 1, Z—~ wv
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@ after R&S, the real-Ess is gone

@ you can smear the rebalanced event
multiple times

© it's performed in real data, so good
fidelity w.r.t. jet multiplicity, other

July 17, 2019

13 /18



History of R&S

SUe Ann Koay = link to dissertation
Christian Sander - ink to talk
Christian Auterman - Hamburg talk

Sam Bein - fink to dissertation

Marek NiedZieIa = link to dissertation
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http://cds.cern.ch/record/1382400/files/TS2011_024.pdf
http://www.iexp.uni-hamburg.de/users/auterman/talks/20100623_HHDESY_RA2.pdf
http://fsu.digital.flvc.org/islandora/object/fsu%3A366032
http://cds.cern.ch/record/2648593?ln=en

History of R&S (part 2)

T
CMS P
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Jets + A ’

published in Ra2/b analyses

CMS,L=195f" \s=8TeV

generic search in final states with: % |35 aaz NOMNLLexchuson B
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@ Search for New Physics in the Multijet and CMs 359" (13TeV)

1800| pp—§§.§ —qq% NLO+NLL exclusion

[GeV]

95% C.L. upper limit on cross section (pb)

Missing Transverse Momentum Final State in A
Proton-Proton Collisions at \/5=7 TeV - CMS 51600 ZEReaim oo
Collaboration Phys.Rev.Lett. 109 (2012) 171803 1400 y— =
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@ Search for new physics in the multijet and 1200 < CMS 137 fbo (13 Tev)
missing transverse momentum final state in 1000| 3 1o PP+ G3.3 - aTK, Approx NNLOWNNLL exciusion |1
proton-proton collisions at \/s= 8 TeV - CMS 800| = "::Z:::ll‘zngw;
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@ Search for supersymmetry in multijet events with 1200 §

missing transverse momentum in proton-proton 200| 1000 5

collisions at 13 TeV - CMS Collaboration Phys. o N w00 ERi
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Rev. D 96, 032003 (35 fb~1) m, [GeV] 600 g

@ Search for supersymmetry in proton-proton 400 3 (’3)

collisions at 13 TeV using 137 fb ! of data in 200 2

final states with jets and large missing transverse o S 10 7
momentum - CMS Collaboration SUS-19-006 m; [GeV]
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Expanding horizons?

A look at a recent photon+jet search:

Search for supersymmetry in final states with photons and missing transverse momentum in
proton-proton collisions at 13 TeV - CMS Collaboration, 10.1007/JHEP06(2019)143

main analysis selection:
@ EMiss > 120 GeV
@ n, =2 (loose photons), pr > 75GeV

Y H miss
@ binning in ET

PRI bin (GeV)  QCD EWK Zyy Total background ~Observed
100 — 115 99412 137442 13£0.6 114413 105
115 — 130 328179 9.0+27 11+06 429475 39
130-150 188751 74+23 11+06 27.3%24 21
150 — 185 9.9%3¢  61+19 1.3+07 174754 21
185 — 250 31719 58+18 13+06 102727 11

>950 1073 33+11 11406 54718 12

MS

35.9fb' (13 TeV)

Events/GeV

—4— Observed
I QCD
. EWK
. Zyy

Syst + stat uncert
—+— TBgg 1700, 1000
—+— T5gg 2000, 1000

.

— largest uncertainty from QCD - can R&S be used as to reduce this or cross check?
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First try at R&S with photons

Looking into 1 photon, 2-photon + E;ijiss in

~ + jets simulation

— simplified selection selection:
@ EMss > 120 GeV
@ n, =1,2 (loose photons), pr > 75GeV
@ a few questionable filters

Modified posterior:

@ use same prior and likelihood response
templates as before

@ freeze photon 4-vectors in the rebalancing
and smearing

@ rebalance and smear hadronic objects only

— some non-closure is evident up to the 25% level
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Summary

@ exciting new opportunities in the
field of fake MET

@ photon+jet final states
@ Drell-Yan final states?

@ potential to produce
rebalance+smeared ntuples which
could be used by a wider user base

@ potential to look into how well
R&S models new observables

S|
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