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Introduction
I Will summarize a set of SM and Top analyses in CMS which

have been re-interpreted for a different measurement
I Will also show cases where the re-interpretation did not

happen for a reason or another
I Unfortunately, there are very few re-interpreted analyses

within the same document
I in most case the preferred option is to re-optimize a given

analysis to squeeze the sensitivity as much as possible
I in some cases the assumptions are different for two

measurements, even if the selection is identical
I in several cases, a SM/Top analysis cares about precision,

while a search can increase the (statistical driven)
performance, while increasing the systematic uncertainty

I finally, there are different “standards” on each physics group,
and therefore it is not always easy to approve the same
analysis within two different physics groups

I An exception of all mentioned above regards anomalous
couplings measurements (aTGCs/aQGCs), which are
enforced/required to approve any multiboson SM analysis
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aTGCs/aQGCs (I)

I A large number of these measurements exist by construction

I Analysis re-interpretation are usually based on fitting the
leading lepton pT or any other kinematic quantity

I All summary results can be found on
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

WWZ aTGCs ZZγ/ZZZ aTGCs

aTGC Limits @95% C.L.
0 0.5 1

Jan 2018

Zκ∆ WW [-4.3e-02, 4.3e-02] -14.6 fb 7 TeV
WW [-2.5e-02, 2.0e-02] -120.3 fb 8 TeV
WW [-6.0e-02, 4.6e-02] -119.4 fb 8 TeV
WZ [-1.3e-01, 2.4e-01] -133.6 fb 8,13 TeV
WZ [-2.1e-01, 2.5e-01] -119.6 fb 8 TeV
WV [-9.0e-02, 1.0e-01] -14.6 fb 7 TeV
WV [-4.3e-02, 3.3e-02] -15.0 fb 7 TeV
WV [-4.0e-02, 4.1e-02] -12.3 fb 13 TeV
LEP Comb. [-7.4e-02, 5.1e-02] -10.7 fb 0.20 TeV

Zλ WW [-6.2e-02, 5.9e-02] -14.6 fb 7 TeV
WW [-1.9e-02, 1.9e-02] -120.3 fb 8 TeV
WW [-4.8e-02, 4.8e-02] -14.9 fb 7 TeV
WW [-2.4e-02, 2.4e-02] -119.4 fb 8 TeV
WZ [-4.6e-02, 4.7e-02] -14.6 fb 7 TeV
WZ [-1.4e-02, 1.3e-02] -133.6 fb 8,13 TeV
WZ [-1.8e-02, 1.6e-02] -119.6 fb 8 TeV
WV [-3.9e-02, 4.0e-02] -14.6 fb 7 TeV

jj)νWV (l [-2.2e-02, 2.2e-02] -120.2 fb 8 TeV
J)νWV (l [-1.3e-02, 1.3e-02] -120.2 fb 8 TeV

WV [-3.8e-02, 3.0e-02] -15.0 fb 7 TeV
WV [-1.1e-02, 1.1e-02] -119 fb 8 TeV
WV [-3.9e-02, 3.9e-02] -12.3 fb 13 TeV
VBF Z [-1.0e-02, 1.0e-02] -135.9 fb 13 TeV
D0 Comb. [-3.6e-02, 4.4e-02] -18.6 fb 1.96 TeV
LEP Comb. [-5.9e-02, 1.7e-02] -10.7 fb 0.20 TeV

1
Zg∆ WW [-3.9e-02, 5.2e-02] -14.6 fb 7 TeV

WW [-1.6e-02, 2.7e-02] -120.3 fb 8 TeV
WW [-9.5e-02, 9.5e-02] -14.9 fb 7 TeV
WW [-4.7e-02, 2.2e-02] -119.4 fb 8 TeV
WZ [-5.7e-02, 9.3e-02] -14.6 fb 7 TeV
WZ [-1.5e-02, 3.0e-02] -133.6 fb 8,13 TeV
WZ [-1.8e-02, 3.5e-02] -119.6 fb 8 TeV
WV [-5.5e-02, 7.1e-02] -14.6 fb 7 TeV

jj)νWV (l [-2.7e-02, 4.5e-02] -120.2 fb 8 TeV
J)νWV (l [-2.1e-02, 2.4e-02] -120.2 fb 8 TeV

WV [-8.7e-03, 2.4e-02] -119 fb 8 TeV
WV [-6.7e-02, 6.6e-02] -12.3 fb 13 TeV
VBF Z [-3.5e-02, 4.2e-02] -135.9 fb 13 TeV
D0 Comb. [-3.4e-02, 8.4e-02] -18.6 fb 1.96 TeV
LEP Comb. [-5.4e-02, 2.1e-02] -10.7 fb 0.20 TeV

Channel Limits ∫ dtL s

Central
Fit Value

CMS
ATLAS
D0
LEP

aTGC Limits @95% C.L.
0.02− 0 0.02 0.04 0.06

September 2017

4
γ
f

)νZZ (4l,2l2 [-1.5e-02, 1.5e-02] -14.6 fb 7 TeV
)νZZ (4l,2l2 [-3.8e-03, 3.8e-03] -120.3 fb 8 TeV

ZZ (4l) [-1.8e-03, 1.8e-03] -136.1 fb 13 TeV
ZZ (4l) [-5.0e-03, 5.0e-03] -119.6 fb 8 TeV

)νZZ (2l2 [-3.6e-03, 3.2e-03] -124.7 fb 7,8 TeV
)νZZ (4l,2l2 [-3.0e-03, 2.6e-03] -124.7 fb 7,8 TeV

ZZ (4l) [-1.2e-03, 1.3e-03] -135.9 fb 13 TeV
)νZZ (4l,2l2 [-1.0e-02, 1.0e-02] -19.6 fb 7 TeV

4
Zf

)νZZ (4l,2l2 [-1.3e-02, 1.3e-02] -14.6 fb 7 TeV
)νZZ (4l,2l2 [-3.3e-03, 3.2e-03] -120.3 fb 8 TeV

ZZ (4l) [-1.5e-03, 1.5e-03] -136.1 fb 13 TeV
ZZ (4l) [-4.0e-03, 4.0e-03] -119.6 fb 8 TeV

)νZZ (2l2 [-2.7e-03, 3.2e-03] -124.7 fb 7,8 TeV
)νZZ (4l,2l2 [-2.1e-03, 2.6e-03] -124.7 fb 7,8 TeV

ZZ (4l) [-1.2e-03, 1.0e-03] -135.9 fb 13 TeV
)νZZ (4l,2l2 [-8.7e-03, 9.1e-03] -19.6 fb 7 TeV

5
γ
f

)νZZ (4l,2l2 [-1.6e-02, 1.5e-02] -14.6 fb 7 TeV
)νZZ (4l,2l2 [-3.8e-03, 3.8e-03] -120.3 fb 8 TeV

ZZ (4l) [-1.8e-03, 1.8e-03] -136.1 fb 13 TeV
ZZ (4l) [-5.0e-03, 5.0e-03] -119.6 fb 8 TeV

)νZZ(2l2 [-3.3e-03, 3.6e-03] -124.7 fb 7,8 TeV
)νZZ(4l,2l2 [-2.6e-03, 2.7e-03] -124.7 fb 7,8 TeV

ZZ (4l) [-1.2e-03, 1.3e-03] -135.9 fb 13 TeV
)νZZ (4l,2l2 [-1.1e-02, 1.1e-02] -19.6 fb 7 TeV

5
Zf

)νZZ (4l,2l2 [-1.3e-02, 1.3e-02] -14.6 fb 7 TeV
)νZZ (4l,2l2 [-3.3e-03, 3.3e-03] -120.3 fb 8 TeV

ZZ (4l) [-1.5e-03, 1.5e-03] -136.1 fb 13 TeV
ZZ (4l) [-4.0e-03, 4.0e-03] -119.6 fb 8 TeV

)νZZ (2l2 [-2.9e-03, 3.0e-03] -124.7 fb 7,8 TeV
)νZZ (4l,2l2 [-2.2e-03, 2.3e-03] -124.7 fb 7,8 TeV

ZZ (4l) [-1.0e-03, 1.3e-03] -135.9 fb 13 TeV
)νZZ (4l,2l2 [-9.1e-03, 8.9e-03] -19.6 fb 7 TeV

Channel Limits ∫ dtL s

CMS
ATLAS
ATLAS+CMS
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aTGCs/aQGCs (II)

I aQGCs evolving rapidly once larger datasets become available

dimension-8 fMi aQGCs dimension-8 fTi aQGCs

]-4aQGC Limits @95% C.L. [TeV
2000− 0 2000 4000

July 2017
4Λ /M,0f γWV [-1.3e+02, 1.3e+02] -120.2 fb 8 TeV

γWV [-7.7e+01, 8.1e+01] -119.3 fb 8 TeV
γZ [-7.1e+01, 7.5e+01] -119.7 fb 8 TeV
γZ [-7.6e+01, 6.9e+01] -120.2 fb 8 TeV
γW [-7.7e+01, 7.4e+01] -119.7 fb 8 TeV

ss WW [-3.3e+01, 3.2e+01] -119.4 fb 8 TeV
ss WW [-6.0e+00, 5.9e+00] -135.9 fb 13 TeV

WW→γγ [-2.8e+01, 2.8e+01] -120.2 fb 8 TeV
WW→γγ [-4.2e+00, 4.2e+00] -124.7 fb 7,8 TeV

4Λ /M,1f γWV [-2.1e+02, 2.1e+02] -120.2 fb 8 TeV
γWV [-1.3e+02, 1.2e+02] -119.3 fb 8 TeV

γZ [-1.9e+02, 1.8e+02] -119.7 fb 8 TeV
γZ [-1.5e+02, 1.5e+02] -120.2 fb 8 TeV
γW [-1.2e+02, 1.3e+02] -119.7 fb 8 TeV

ss WW [-4.4e+01, 4.7e+01] -119.4 fb 8 TeV
ss WW [-8.7e+00, 9.1e+00] -135.9 fb 13 TeV

WW→γγ [-1.1e+02, 1.0e+02] -120.2 fb 8 TeV
WW→γγ [-1.6e+01, 1.6e+01] -124.7 fb 7,8 TeV

4Λ /M,2f γγZ [-5.1e+02, 5.1e+02] -120.3 fb 8 TeV
γγW [-7.0e+02, 6.8e+02] -119.4 fb 8 TeV
γγW [-2.5e+02, 2.5e+02] -120.3 fb 8 TeV
γWV [-5.7e+01, 5.7e+01] -120.2 fb 8 TeV

γZ [-3.2e+01, 3.1e+01] -119.7 fb 8 TeV
γZ [-2.7e+01, 2.7e+01] -120.2 fb 8 TeV
γW [-2.6e+01, 2.6e+01] -119.7 fb 8 TeV

4Λ /M,3f γγZ [-8.5e+02, 9.2e+02] -120.3 fb 8 TeV
γγW [-1.2e+03, 1.2e+03] -119.4 fb 8 TeV
γγW [-4.4e+02, 4.7e+02] -120.3 fb 8 TeV
γWV [-9.5e+01, 9.8e+01] -120.2 fb 8 TeV

γZ [-5.8e+01, 5.9e+01] -119.7 fb 8 TeV
γZ [-5.2e+01, 5.2e+01] -120.2 fb 8 TeV
γW [-4.3e+01, 4.4e+01] -119.7 fb 8 TeV

4Λ /M,4f γWV [-1.3e+02, 1.3e+02] -120.2 fb 8 TeV
γW [-4.0e+01, 4.0e+01] -119.7 fb 8 TeV

4Λ /M,5f γWV [-2.0e+02, 2.0e+02] -120.2 fb 8 TeV
γW [-6.5e+01, 6.5e+01] -119.7 fb 8 TeV

4Λ /M,6f γWV [-2.5e+02, 2.5e+02] -120.2 fb 8 TeV
γW [-1.3e+02, 1.3e+02] -119.7 fb 8 TeV

ss WW [-6.5e+01, 6.3e+01] -119.4 fb 8 TeV
ss WW [-1.2e+01, 1.2e+01] -135.9 fb 13 TeV

4Λ /M,7f γWV [-4.7e+02, 4.7e+02] -120.2 fb 8 TeV
γW [-1.6e+02, 1.6e+02] -119.7 fb 8 TeV

ss WW [-7.0e+01, 6.6e+01] -119.4 fb 8 TeV
ss WW [-1.3e+01, 1.3e+01] -135.9 fb 13 TeV

Channel Limits ∫ dtL s
CMS
ATLAS

]-4aQGC Limits @95% C.L. [TeV
100− 0 100 200 300

July 2017
4Λ /T,0f γγW [-3.4e+01, 3.4e+01] -119.4 fb 8 TeV

γγW [-1.6e+01, 1.6e+01] -120.3 fb 8 TeV
γγZ [-1.6e+01, 1.9e+01] -120.3 fb 8 TeV
γWV [-1.8e+01, 1.8e+01] -120.2 fb 8 TeV
γWV [-2.5e+01, 2.4e+01] -119.3 fb 8 TeV

γZ [-3.8e+00, 3.4e+00] -119.7 fb 8 TeV
γZ [-3.4e+00, 2.9e+00] -129.2 fb 8 TeV
γW [-5.4e+00, 5.6e+00] -119.7 fb 8 TeV

ss WW [-4.2e+00, 4.6e+00] -119.4 fb 8 TeV
ss WW [-6.2e-01, 6.5e-01] -135.9 fb 13 TeV
ZZ [-4.6e-01, 4.4e-01] -135.9 fb 13 TeV

4Λ /T,1f γWV [-3.6e+01, 3.6e+01] -120.2 fb 8 TeV
γZ [-4.4e+00, 4.4e+00] -119.7 fb 8 TeV
γW [-3.7e+00, 4.0e+00] -119.7 fb 8 TeV

ss WW [-2.1e+00, 2.4e+00] -119.4 fb 8 TeV
ss WW [-2.8e-01, 3.1e-01] -135.9 fb 13 TeV
ZZ [-6.1e-01, 6.1e-01] -135.9 fb 13 TeV

4Λ /T,2f γWV [-7.2e+01, 7.2e+01] -120.2 fb 8 TeV
γZ [-9.9e+00, 9.0e+00] -119.7 fb 8 TeV
γW [-1.1e+01, 1.2e+01] -119.7 fb 8 TeV

ss WW [-5.9e+00, 7.1e+00] -119.4 fb 8 TeV
ss WW [-8.9e-01, 1.0e+00] -135.9 fb 13 TeV
ZZ [-1.2e+00, 1.2e+00] -135.9 fb 13 TeV

4Λ /T,5f γγZ [-9.3e+00, 9.1e+00] -120.3 fb 8 TeV
γWV [-2.0e+01, 2.1e+01] -120.2 fb 8 TeV

γW [-3.8e+00, 3.8e+00] -119.7 fb 8 TeV
4Λ /T,6f γWV [-2.5e+01, 2.5e+01] -120.2 fb 8 TeV

γW [-2.8e+00, 3.0e+00] -119.7 fb 8 TeV
4Λ /T,7f γWV [-5.8e+01, 5.8e+01] -120.2 fb 8 TeV

γW [-7.3e+00, 7.7e+00] -119.7 fb 8 TeV
4Λ /T,8f γZ [-1.8e+00, 1.8e+00] -119.7 fb 8 TeV

γZ [-1.8e+00, 1.8e+00] -120.2 fb 8 TeV
ZZ [-8.4e-01, 8.4e-01] -135.9 fb 13 TeV

4Λ /T,9f γγZ [-7.4e+00, 7.4e+00] -120.3 fb 8 TeV
γZ [-4.0e+00, 4.0e+00] -119.7 fb 8 TeV
γZ [-3.9e+00, 3.9e+00] -120.2 fb 8 TeV

ZZ [-1.8e+00, 1.8e+00] -135.9 fb 13 TeV

Channel Limits ∫ dtL s
CMS
ATLAS
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Re-interpretation Always (or Never) Happens

I Dark Matter searches in suitable final states are almost always
re-interpreted in the context of H→ invisible searches since
no further optimization is barely needed

I mono-jet: gg → H
I VBF: qqH
I mono-V: VH
I tt̄+DM: tt̄H

I Analyses like tt̄H-multilepton (H→WW) must
control/measure tt̄W/tt̄Z (WW) background rather precisely

I nevertheless, the obtained tt̄W/tt̄Z/WW cross sections are
never quoted as cross section “measurements” because there
are other independent and more precise results available
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Mono-jet Analysis: a “EXO” → “SM” Case
I Straightforward selection for a difficult analysis: a hard ISR jet

recoiling against missing transverse energy (Emiss
T )

I One of the first “high precision” searches
I Z→ νν represents at least 60% of the sample composition
I Making uses of links among Z+jets, W+jets, and γ+jets to

further constrain backgrounds
I critical input from theory community to rely on Z/W/γ ratios

I A SM pZT is possible by simply not relying on those theoretical
assumptions

E
ve

nt
s 

/ G
eV

2−10

1−10

1

10

210

310

410

510

610

 (13 TeV)-135.9 fb

CMS
monojet

Data

 inv.→H(125) 

 = 2.0 TeV
med

Axial-vector, m

)+jetsννZ(

)+jetsνW(l

WW/WZ/ZZ

Top quark

+jetsγ(ll), γZ/

QCD

D
at

a 
/ P

re
d.

0.8
0.9

1
1.1
1.2

 [GeV]miss
T

p
400 600 800 1000 1200 1400

U
nc

.
(D

at
a-

P
re

d.
)

2−
0

2

6



Z→ 4` Production As a Z′ → `` Search

I Study of Z→ 4` production

I Very clean channel with 4
identified leptons

I Measurement of BR(Z→ 4`) is
performed

I Z′ → `` search could be easily

performed, all information available
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WW/WZ Production As a SUSY Search
I WW and WZ production are important

for many reasons

I An interesting, and not so well-known
possibility, is the search for SUSY as a
direct interpretation of the WW and WZ
production measurements

I If t̃ and χ̃0
1 masses differ by less than

80 GeV, b quark very soft, and final
states very similar to WW and WZ
production modes

I Dedicated analyses exist, but SM

measurements should not underperform
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EWK WW Same-Sign: H±± interpretation (I)

I Electroweak di(tri)boson measurements:
I test of the EWK sector of the SM at the TeV scale
I WW/WZ/ZZ (VV) scattering → (massive, weak) Vector

Boson Scattering (VBS):
I measurable key process linked with Electro-Weak Symmetry

Breaking
I general final state: diboson plus at least two jets

I EWK WW Same-Sign is the most promising channel with the
largest EWK to QCD ratio

I mjj separates EWK vs.other SM backgrounds
I m`` helps discriminating EWK vs. nonprompt leptons
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EWK WW Same-Sign: H±± interpretation (II)
I A direct re-interpretation is the

search for H±± bosons

I Similar topology as W±W±jj
with some mass dependence

I mjj separates signal and
non-EWK bavkground

I m`` separates signal and EWK
background  (GeV)llm
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EWK WZ vs. H± →WZ search
I Similar case as before, but

H± →WZ search was the initial
analysis

I Tougher EWK WZ analysis due to
the much larger QCD WZ
background

I Updated analysis will perform both

interpretations
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tt̄V Cross Section Measurements (I)

I Study of tt̄W and tt̄Z production

I Making use of same-sign dilepton,
three- and four-lepton final states

I Making use of BDTs and splitting

in different topologies to

discriminate signal processes and

backgrounds
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tt̄V Cross Section Measurements (II)

I Results are used to set constraints
on the Wilson coefficients of
dimension-six operators

I Eight operators were identified of

particular interest because they

change the expected cross sections

of tt̄W, tt̄Z, and tt̄H without

significantly impacting expected

background yields
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4 top Production

I SM 4 top production has a tiny expected cross section

I A lot of new physics may affected this process

I σ4top = 16.9+13.8
−11.4 fb

I In particular, this measurement is used to constrain the Yukawa

coupling between the top quark and the Higgs boson to be less than

2.1 times its SM value at the 95% CL
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Search for Anomalous tZq Production
I search for flavour changing neutral

currents (FCNC) involving a top
quark and a Z boson is presented

I Making use of three-lepton final
states

I Limits on FCNC BR(t → Zu) and
BR(t → Zc)

I Direct re-interpretation on the

FCNC couplings
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Summary

I Shown a few examples of re-interpreted SM and Top analyses

I Also shown cases where the re-interpretation is almost
possible, or it could be possible

I References: http://cms-results.web.cern.ch/cms-results/public-results/publications/

I Z → 4` production: SMP-16-017 (ArXiv:1709.08601)
I WW/WZ production / t̃ search: SMP-16-006 / SMP-16-002 /

SUS-16-048 (ArXiv:1607.06943/1801.01846)
I same-sign WW: SMP-17-004 & SMP-13-015

(ArXiv:1709.05822/1410.6315)
I EWK WZ: HIG-16-027 (ArXiv:1705.02942)
I tt̄V production: TOP-17-005 (ArXiv:1711.02547)
I 4 top production: TOP-17-009 (ArXiv:1710.10614)
I Search for anomalous tZq couplings: TOP-17-017
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