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Vector Boson Scattering % U/{L

Leprince-Ringuet @

Vector boson scattering (VBS) happens at the LHC when the two incoming partons radiate
electroweak vector bosons that interact with each other

Endcap Barrel Endcap
v,
> One of the rarest processes allowed by the SM
> Peculiar kinematic properties (m}st, An}](BS, ") “’L 4
> Deep connection with EWSB mechanism n
> Rich phenomenology: TGC, QGC, s- and t-channel h
exchange
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VBS and the EFT global picture % U/{LX

No new resonance observed: new physics
*) View and opinion of authors, do not_necessarily reflect the ones of CMS decoup[ed at ~ TeV scale. Low-energy
manifestation via effective parametrization:

VBS SMEFT

. (6) —4
Lsmerr = Lsm + E 0> +O(N™")
i . ,

B ¢ wilson coefficients

Final Objective [ Aunknown NP energy scale
Leading B/L conserving SMEFT

This Presentation
contributions from dim-6 terms. VBS

CMS Run Il
[ m J usually used for dim-8 but presents a rich
- Combinatin SMEFT phenomenology at dim-6 being a

2 — 6 process.

Parton level
[ = ] [ S ] [ e ] VBS can play as a link between EW, Higgs and
Giorgio Pizzati presentation top inputsin a gloIIJ-:lCS;I;Ii;T interpretation of

G. Boldrini, 29/02/2024, 1st COMETA General Meeting



https://indico.cern.ch/event/1334055/contributions/5814208/

. . s |
VBS WV — [vqq dimension-6 % U/fLX

Dimension-6 SMEFT
interpretation of the
semileptonic VBS WV — lvqq
with CMS Run-Il data



The VBS WV — lvgq SM analysis % U/(LX

Evidence for the VBS WV — [rqq EW production o,,s = 4.4 physletb.2022.137438

137" (13 TeV)
T

Final state with 4 jets, one charged lepton +
EIM'ss. Search for VBS where W — (v and
V(W/Z) — qq.
> Resolved regime: Four R = 0.4 jets with
ARjj > 0.4

8% CL expected
-+ 95% CL expected

> Boosted regime: Two R = 0.4 jets with
ARj; > 0.4.and one R = 0.8 jet (boosted o N

vV —qg)

CMs L=138fb"(13 TeV)

z T T T T
Background sources g 10 + Dam W 3
. z B oy I vBF-v, vy, vBS-Z(I)V(j) 3
> — dominant background. z Nonprompt [l Top
Data-driven corrections needed to MC 100 Walets [ VBS-WWVG)

simulations at LO N syst
QCD-induced VBS and triboson production

Drell-Yan + jets

Semileptonic tt and single top

Nonprompt lepton background — mainly
from QCD-multijet. Data-driven estimate

vVvyVvyy

SN

Data/Expected
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https://doi.org/10.1016/j.physletb.2022.137438

VBS WV —s [qq SMEFT o LM X

Opted to treat VBS as a 2 — 6 process for SMEFT dim-6 analysis. Include all
EW-induced diagrams for EFT, theoretically more precise.

» Large number of diagrams involved: high memory
pressure + prohibitive computational time

> Choice of original point in EFT space ensuring optimal
coverage — start with eight operators turned on
(ci =1/N)

sindur m3

Qyg linear (left), Qw quadratic (right)
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> Closure of SM component between
2 — 4 and 2 — 6 heavily dependent
on wur, pr scale choice.
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CMS |

Observable for EFT limit setting SU/(L

Leprince-Ringuet @

The reconstructed WV invariant mass is found to be the most sensitive observable
in all channels for all operators

EFT signal extracted via myy: 8 bins in boosted SR [200-3000 GeV], 6 bins in resolved
SR [200-2000 GeV]. Boosted regions lead the EFT sensitivity

CMS work in progress L =59.7/fb (13 TeV) CMS work in progress L =59.7/fb (13 TeV)
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VBS WV — lvgq SMEFT: Results o LM X

> Profiled A~*: all eight Wilson coefficients freely floating, profiling W.C. not of
interest with nuisance parameters. Procedure only well defined including
quadratics (A™*)

> : Only one W.C. (c) allowed to float N oc SM + cLin

» Individual A*: Only one W.C. (c) allowed to float N oc SM + cLin + c*Quad

68%CL e 95% C.L.
—e— Profiled A* ~—¥— Individual A*
CMS Work in progress s =13 TeV, 137 o, A = 1 TeV —5— Individual A?
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VBS WV — lvgq SMEFT: Results = A,

CMS Work in progress
(s =13 TeV, 35.9-137.0 b, A = 1 TeV

Results have been compared to both VBS e cusuEs WY -ty
and non-VBS public results from ATLASand | ‘
C M S 777777777777777777777777777777777777 10.1103/PhysRevD.104.052004
> Agrees with previous results in VBS o 10:103PhysRenD 108072003
» Boosted channels favoured | Fro s Nevm
> Competitive limits on Qu but —1— e
dominated by diboson W*~. Higgs 1 — usua
s 10.1007/JHEP07(2022)032
operators (Quw, Quws, Qus and Qo) box i
better constrainedby | otioamy e o3 o1
Higgs-dedicated analyses awe 0 —— cuswy-ag
————— 10.1007/JHEP12(2019)062
(1) (1) H
> Qo and Q,; never studied before | e cmoe
No flat direction observed in the 8 1
. . W . 10.1140/epjc/s10052-020-08734-w|
parameters studied: optimal feature T
. . . 1 CMS Wy
for a candidate link in a global I 10:1103physRenD 10505202
combination B s
e

Expected parameter value
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VBS SM Combination %WLX

CMS Run Il combination of VBS
measurements
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VBS SM Combination % U/(LX

A general picture of VBS is useful to spot deviations from the SM in a global
view + a first step towards a global EFT interpretation of VBS processes

6 parameters 4 parameters
WEWF, WHw+, W-W—, Wz, w-z,2Z WEWE, WEWF, wtz, 2z
CMS work in progress 138 fb™ (13 TeV) CMS work in progress 138 b (13 TeV)
2v 2v
pz2T-u0l 4.0 events . SSWW N T wwr
- | Eww
b4 241 1t wWwW
events . 0Ss' - Bww
wz wz xzz
Bz wz Wz

SS-tau | IS
ESY  243.8 events

[e5) 546.2 events

ES)  234.3 events

[} 546.2 events

WAL BA77255 events WALV BA77255 events

0 0.10.20.304050.60.70.80.9 1 0 0.10.20.30.405060.70809 1
Signal fraction Signal fraction
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C IS, tL/I/L
Results (LY o— /N
Leprince-Ringuet @ eeans

Nuisance correlations between channels studied in details
138 fb* (13 TeV)

CMS Work in progress

Dsingle .Combination

measurements

nuisances

» Single: leading channel for the

> SS+WZ+0S+WV+ZV+ZZ(4l) Full

G. Boldrini, 29/02/2024, 1st COMETA General Meeting

he [NEEEEN " > Improved by 15% in significance
o) o,
b . O on OSWW, 13% on WZ and 16% on
2Z (w ZZ212v)
uosww - [0.81,1.20] [0.82,1.19]
Expected to get evidence
P R I S NRR A R forallﬁparameters
0.6 0.8 1 1.2 1.4 1.6 1.8
Expected parameter Estimate
osww SSWw Wz Zz
o 6.2 >5 5.5 37
wFw- wFw+ w-w- w+z w-z y73
o 6.2 >5 4.6 4.9 3.4 3.7
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Inclusion of SSWW+7, and ZZ(2[2v) % U/LX

-2AInL
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Two new analyses can be included:
ZZ(2[2v) and SSWW+7, (preliminary)

> Not straightforward: OSWW DY CR
is overlapping with both the
ZZ(2l2v) signal region and DY CR.

» Need a dedicated nuisance
treatment for the combination.

The ZZ(2l2v) + ZZ(4l) CMS combina-
tion targets the 50 on ZZ parameter
(already achieved by ATLAS)

r 7z
POI Oexp | Texp (WZZ(212)) | Oexp (W SSWW-74) | exp Single channel
SSWW | 10.8 10.8 10.8 10.4
OoSWwW | 6.2 6.2 6.2 5.5
Wz 5.5 5.5 55 4.7
z 3.7 4.2 3.7 3.6
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CMS |

Bi-dimensional scans Lo

Charged + and — components positively correlated. Mild correlation among SSWW
and Wz parameters as WZ EW contaminates SSWW SR

138" (13 TeV) CMS workipogsss 13810 (19TeV) CMS viorkinpragross 138 15" (13 ToV)
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CMS
Conclusions -4

This work lays the foundation for a global dim-6 interpretation of VBS
processes in CMS

» The first dim-6 interpretations » The VBS SM combination:

of a VBS process with starting point for a global EFT
semileptonic final state interpretation of VBS
) 1-2y
€ J ( | 3y
( ) ( H—— e —
1-2y 'y >
D B >

[

.. Tools, correlations, ...
VBS SM Combination M
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BACKUP
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VBS WV — [vqq dimension-6 %WLX

Dimension-6 SMEFT
interpretation of the
semileptonic VBS WV — lvqq
with CMS Run-Il data
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VBS WV — [vqq dimension 6 % U/{L

35.9 b (13 Tev)
T

First strong evidence of VBS with a semileptonic

2
final state from CMS: WV — [vqq g Wroms = E
(j.physletb.2022.137438) o a0t Do Dlowwern 3

e A = 05 TeV e M. = 1000 GV, 5, 205

> Exploits higher statistical power due to BR of
V —qg ~ 70%
» Challenging V+jets background modelling and

reduction
> Features boosted hadronic decays of vector 219
bosons — can probe TeV energy regimes 5 18
e eanp Syrestes g olfrteermpn
> Semileptonic VBS channels lead sensitivity to 1000 1500 2°::W © \2/5;00
v e

dimension-8 operators PLB
»> Run Il dimension-8 VBS WV+ZV ongoing

Provide the first SMEFT dimension-6 interpretation of VBS with a
semileptonic channel (WV — lvqq) with CMS Run |l data

G. Boldrini, 29/02/2024, 1st COMETA General Meeting 18


https://doi.org/10.1016/j.physletb.2022.137438
https://doi.org/10.1016/j.physletb.2019.134985

The VBS WV — lvgq SM analysis % U/{L

Resolved

CMS preliminary

L =137/fb (13 Tev)

Boosted

CMS preliminary.

L =137/b (13 TeV)

AN/ dDNN
5

AN/ dDNN

X

Laboratoire

Results are reported for pure EW VBS
production, for the joint fit with the
QCD-induced background and in 2 dimensions
for pew , paco. Measurement agrees with SM

expectations

- -
107 10t *"‘“——.-m 4
10 b
10 : 137" (13TeV)
H R - g o 1
g = RF i =1
’ I ’ Evidence for the
VBS EW produc-
x10°_CMS preliminar . L‘:J37/0b‘(13Te tlon (Wv _> luqq)
LI, Oobs = b-b.

syst unc.

Data - Bkg dN / dDNN
Data - Bkg dN / dDNN

pew = 0.85 = 0.12(stat) 193 (syst) = 0.8573%

I
02 04

0.4

— +0.19 _ +0.20
oI.:fNN rl:e.iolved1 OII?)NN bbgosled1 HEW+QCD = 0.97 + 0.06(Stat)_021 (SySt) - 0'97—0.22

(2]
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SMEFT sample generation %WLX

Opted to treat VBS asa2 — 6 i as., Lz
process for SMEFT dim-6 analysis. v
Include all EW-induced diagrams j3
for EFT, theoretically more precise. ja
than inserting EFTin2 — 4 . js

)2 I3

» Use SMEFTsimv3 + MADGRAPH reweighting to generate signal
» Follow LHC EFT WG prescriptions, use Warsaw basis (my, mz, Gg)
input scheme

(tb)#[(u.d),(c.5)]
> topU3l flavour symmetry: U(z)q x U(2)y x U(2);>< U(3)xU(3)e
e

e=pu=r

Faced problematics studied in details: Madgraph memory pressure, choice of
initial EFT point, choice of ur and ug computation.

G. Boldrini, 29/02/2024, 1st COMETA General Meeting 20


https://smeftsim.github.io/
http://madgraph.phys.ucl.ac.be/
https://cds.cern.ch/record/2792440?ln=en

Reweight memory pressure %

MADGRAPH reweight computes a new event weight wnew = worig * [Mnew|*/|Morig|* Where
"orig" refers to the baseline hypothesis.

Problem: when computing |Mnew|? for EFT, all diagrams are included even if Wilson
coefficients are set to o (independently on the chosen baseline hypothesis) — memory
pressure induces 0S kill.

[
o

—— MG265 Generate SM pp > e* vejjjj
— MG299

N
o

Reweight on 15 operators

w
o

OS Kkill

N
o

RSS usage of reweight process [Gb]

o

0 100 200 300 400 500 600
- ) Time [min]
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Parallel Madgraph reweighting % U/(LX

Quad1WC
«C
N ox |ASM|2+ZA2 2Re( AswAb ) +732 |Aoa|2+2 o - Re(Ao, Ab,)
—_————— N————
Lin:1 W.C Mix:2 W.C

Solution: EFT parametrization can be computed evaluating |[Mnew|? including at most 2 operators.
Parallelize the computation of n(n + 3)/2 (for n operators) matrix elements |Mpew|? that include
, 1 (Lin, Quad) and 2 (Mix) operators. Drastically reduce computational time and memory

consumption
Baseline Madgraph reweight Parallel Madgraph reweight
{ Codegen + Integrate: Original ]—[ | Mg ]

e = L

e e (7 ) S =
== I T ] — {meighlh:tln:ludeomwnperalm ]——[ M2 ]—[mlum Worig | Mo/ [ M1 ]
= [ o e o= ) [Meighth:ﬂ:lndudennlyiopera!ms ]——[ ‘M,:‘V;J ]—[mluate Worig * | Morig|*/| MY~y 2}
[MMW [ T k‘:k,:lvmv“”’] [Mﬂgmlﬂ to=1: |ndudeenly20peralars]—<[ | k._h—ll ]—~[ Worig * | Morig| /|MN 2 :J
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) . . US| X
EFT generation starting point | e £

Choice of original point critical for optimal phase space coverage at
reweighting— include eight operators

Start from SM — reweight on EFT Start from SM+EFT — reweight to EFT
> Computationally efficient 5 » Computationally expensive £}
» Can sample full Warsaw basis & > Allows fewer operators €}

> Phase space coverage not optimal for > Better phase space coverage ¢
some operators L)

Final configuration: include up to 8
operators to fit within computing time

0.5

-
+ Dsmgue Dsmgle A A

o+ 2R(A, As) e | limitations

_of (] Ampitude decomposition Dg P + Dg P

P IRA) Ag)

-]

of-

oo
/ .
o o : 5 1
=1 | L L L L Il -
Pl o) b | Quu:, Que , Quus

EL — —

sindur g3
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EFT generation starting point 2

Laboratoire
Leprince-Ringuet

The starting phase space is chosen with all eight operators turned on, with Wilson coefficient
value of 1
Optimal phase space coverage at reweighting: all operators considered
For k = 1it might be that | Ag|? >> 2Re(A} Asm) — SM + kLin + k*Quad ~ SM + k*Quad.
Quadratic component of Qy dominates phase space

Linear templates might suffer from statistical precision because
wiin = 0.5 X [w(kR =1) —w(k = —1)] ~ [w(SM + k?Quad) — w(SM + k?Quad)] = 0
Statistical precision reduced in signal regions due to loose gen-level cuts on 2 — 6 process:
generate ~ 40M events x year

>
>

| 2

>

LU X

@

[ Qyg linear (left) and quadratic (right) ] [ Qu linear (left) and quadratic (right) ]

CMS Simulaton work n progress

6001 (13 Tev)

CMS Simaton work in progress_60.0 1™ (13 Tev)

55 60.0 b (13 Tev)

MS Simulton vork nprogress_60.0 ™ (13 Tev)

wio0s)

| emumun

Events

E [ ] eeoumuem

[

U sl

cl

[ ] swovmmmam

[T

5 100 15 200 20 30
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Ratio
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EW VBS SM samples comparison % %,

Need to reproduce the published WVjj analysis with the new signal sample (in the SM
analysis a 2 — 4 was employed). When comparing the two samples in the analyses
regions

B 2-6vBs Ew sample (EFT study)

> Shape + normalization difference in . 2->4 VBS EW sample (SM analysis)
resolved and boosted regimes (larger in SR,

modest in W+jest CR, absent in top-CR) CMS Work in progress

D VBS_dipoleRecoll [194.74]
I:I sm [177.63]

Events

> For observables entering in the fit, only 15% *t

normalization — Size compatible with QCD
scale uncertainties at LO i.e. precision used .
in the signal generation sof-

a0l

20—

The SM analysis measured a MC excess of
exactly 15%

pew = 0.85 + 0.12(stat) 3% (syst) = 0.8510% 2'““*41///////{///////////////////
8 i S
5 00 150 200 250

0 1

Ratio

300 350 400
Lepton_pt
2
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Origin of the shape difference between 2 — 4 and 2 — 6 investigated in detail
changing important generation parameters: PDF set, I';, analytical form of p, ur
dynamical computation.

Origin of the shape difference traced back to the dynamical computation of 1 ¢ in
2 — 4and 2 — 6. Cross checked with indipendent generations fixing both scales to
ue,R = Mz ~ 91 GeV — UV divergence is removed, 15% normalization deficit in SR
remains. Will use 2 — 6 with dynamical scale Hr/2

CMS simulation work in progress  60.0 fb™ (13 TeV) CMS simulation work in progress  60.0 fb™ (13 TeV)
o F a F
c E [ epVji SMEFTsim T, = 1.33 [1824.22] =4 C
G 450E : epVjj SMEFTsim T = 1.49 2 400F- epVij 2 6 fixedScale [1881.61]
w = epVijj SMEFTsim DynScale=-1 PDF=306000 i1} F
4001~ ¢ epVijj SMEFTsim =15 DS=-1 PDF=306000 350
= } epVjj SMEFTsim DynScale=-1 E
3500 i SMP-20-013 gridpack E \ SMP-20-013 2 4 fixedScale [1951.83]
E epVjj SMEFTsim PDF=306000 300~
300~ E
E 250
2501 F
E 200
200~ E
= 150
150~ E
100 100E-
sof- 4 sof- A
E il E P O BN s
g v = ol
s T
s e K s
i ; $%§%% /, L mmwnm»//%/}/«/)}/%//%#m
2
0. . I L -
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
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Closure on CMS SM analysis
Good closure with the CMS analysis

» Post-fit shapes keeping oo = 1 show good agreement with data

> Observed and expected significance for all years and regions agree

Laboratoire
Leprince-Ringuet @,

CMS work in progress L =137/fb (13 TeV) CMS work in progress L =137/fb (13 TeV)
A =
i wew TS ‘ g W T ‘
S 1075 [lvervewy Non-prompt < 107E lvervewy Non-prompt
= =M Welets S . Wadets
e 10 2 10° [ ves Gridpack
o 2
L\J/J 10° §
w

12 3 12 3

11 S g 11 o FEUE

N ; gy ] % N ; 4 &x:ié

o 08, 0.2 04 06 08 1 o 08, 02 0.4 06 08 1

DNNoutput_boost DNNoutput_res_v1

CMS Analysis New configuration

o Category | 2016 2017 2018 | Combined | 2016 2017 2018 | Combined
Boosted 1.4 15 3.8 3.8 1.2 1.6 3.8 37
Observed | Resolved | 2.4 0.0 37 3.6 17 00 37 3.6
Combined | 2.2 07 4.9 A 2.0 07 5.0 4.6

G. Boldrini, 29/02/2024, 1st COMETA General Meeting 27



VBS WV — [vqq SMEFT: closure on SM &)

L=1371b (13 Tev)

<Events [ unit >

Events 0,04 unit

CMS Work in progress

CMS Workin progress:

L= 1371 (13 Tev)

L=137/b (13 Tev)

Events /2 unit

CMS work in progress

L= 137/b (13 Tev)

|
i
|
i

L= 1371 (13 Tev)

L= 137/ (13 Tev)

analysis

Leprince-Ringuet @,

LU X

Laboratoire

1 Good closure on the SM

> Post-fit shapes keeping
tacp = 1 show good
agreement with data

Observed and expected

significance for year and

1 regions agree for2 — 4
= and 2 — 6.
i E}
SM Analysis EFT Analysis
o Category | 2016 2017 2018 | Combined | 2016 2017 2018 | Combined
Boosted 23 20 27 37 2.0 17 21 341
Expected | Resolved | 2.4 1.8 3.2 3.6 21 14 2.9 3.8
Combined | 32 2.6 4 5.3 25 1.9 35 4.7
Boosted 1.4 15 3.8 3.8 1.2 1.6 3.8 37
Observed | Resolved | 2.4 0.0 37 3.6 17 0.0 37 3.6
Combined | 2.2 07 4.9 A 2.0 07 5.0 4.6
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SMEFT analysis strategy 2 ML X

Leprince-Ringuet @

>=1

‘

Laboratoire

>=1

Top CR

A4
ll # b-jets
W+jets WV SR
CR
DNN >= 0.5 I DNN < 0.5
EFT SR EFT CR

v
li # b-jets
W+jets WV SR
CR
DNN >= 0.5 I DNN < 0.5
EFT SR EFT CR

Top CR

> The signal region is split with the SM EW VBS signal extractor (DNN). High DNN
region (> 0.5) present reduced background, used to extract EFT signal

> Low DNN region retained for residual EFT sensitivity

> While the observable entering the fit for W+jets CR and Top CR is fixed, we have
freedom to optimize the sensitivity in the EFT signal regions

G. Boldrini, 29/02/2024, 1st COMETA General Meeting
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US|
AnalyticAnomalousCoupling - Combine model for EFT % [-/!,/fLe

A combine-based model has been

developed for EFT limits setting in CMS: N—sM
. N =SM-(1—) _ki+ ki k)
AnalyticAnomalousCoupling X’: ,2,; !
> Supports an arbitrary number of . {Z ki*Zki'kl} . (SM-+Lin; +Quad,)
Wilson Coefficients PR
> Linear and quadratic EFT +3° ( —k;) -uad;

parametrizations
) . + 37 7 ky-ky- [SM-+Lin;-+Lin;+ Quad; +Quad; +2- Mix;
» Linear and quadratic terms as ii<i
templates — can include systematic

unc. on EFT

o The following nominal templates are
> Solves the negative interference provided at datacard level via reweighting
problem by rewriting the EFT formula of the VBS EW 2 — 6 sample:
in terms of positive-definite SM->(0)

uantities (|.A[?
q \ |), » Quad—0.5[w(1)+w(—1)—2w(0)]
» Cross-checked with other EFT > SMeLin+Quad-—w(1)
w
»

limit-setting tools (aTGCRooStat, ) )
InterferenceModel) SM+Lin+Quad+Mix—w(1,1)

v
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https://github.com/amassiro/AnalyticAnomalousCoupling
https://twiki.cern.ch/twiki/bin/viewauth/CMS/ATGCRooStats
https://github.com/cms-analysis/HiggsAnalysis-CombinedLimit/blob/main/python/InterferenceModels.py

VBS WV — lvqq SMEFT: Input summary

CMS,

I

LU X

Laboratoire
Leprince-Ringuet @

Summary of SMEFT interpretation of VBS WV Regions, observables and bins entering in the fit for each year

semileptonic Region Obs. Bins
> 8 operators: Qw, Qxws, Quo, Qxw, QS,), Qus, BoosteDNN205 | v ¢
QS&, QSI) Boost e DNN<0.5 My 8
@ | Boost y DNN>0.5 My 8
» EFT from 2 — 6 EW VBS included in all B/ BoostyONNos | 8
analysis regions T | ReseDNNzOs M 6
» EFT signal extracted via myy: 8 bins in " | Resepnncos My 6
boosted SR (200-3000 GeV), 6 bins in Res ju DNN20.5 My 6
resolved SR (200-2000 GeV) Res i DNN<0.5 mu 6
- Boost e W+jet py-t 7
e M
g wp Sl O 1% op Siime DR 2| Resewdet | pfipp 2
SLETTT ST E Res p W+jet py—t pyBs2 21
Boost e Top Events 1
1 E:J‘n. Boost i Top Events 1
N . 5 ° Res e Top Events 1
% % Res u Top Events 1

) ) Total 16 16
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Expected 1-2¢ intervals from the optimal
observable found for each operator.

CMS Work in progress 59.7/fb (13 TeV)

Q - T T T ]
E150 - + 1o Expected 1
g [ | + 20 Expected 7
@ [ | o BestFit ]
wi1oof ]
g I | I
@ 500 ]
of o JRE o RO B o R ©) &0 ]
-50f l 0 1
-100f .

k\c‘lywsk\clye " ey, k\c"/bo)t\c"llz ’icHW"\C/\,/Z k\cyol

VBS WV — lvqq SMEFT: optimal observabl

Laboratoire e
Leprince-Ringuet @ wsmas

Ranking methodology

>
>

Conservative binning and ranges

All observables have the same
number of bins (10)

Systematic uncertainties not included

All W+jets and Top rate parameters
free to float and fit to data in CR

Using boosted signal region (DNN>0.5)
only — drives sensitivity

Use 2018 data only

All other operators free to float in the
fit

The reconstructed WV invariant mass is always found to be the most sensi-
tive observable for all operators (even more than DNN spectra)

G. Boldrini, 29/02/2024, 1st COMETA General Meeting
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Observable for EFT limit setting ‘ SU/(L

Leprince-Ringuet @ wsmas

The reconstructed WV invariant mass is found to be the most sensitive
observable in all channels for all operators

EFT signal extracted via myy: 8 bins in boosted SR [200-3000 GeV], 6 bins in resolved
SR [200-2000 GeV]. Boosted regions lead the EFT sensitivity

CMS Work in progress L =59.7/fb (13 TeV) CMS Work in progress L =59.7/fb (13 TeV)
£ 107 VAWV [262.0] T DY (457.4] £ F T WAV (34.1] e DY [21.4] T "
Q ey Non-prompt [758.9] Q CoveRvL w22 Norvprom (4251 E
~ = oot W-Jets [2186.0] ~ oLl Jets [155.1] 3
9 10k =m VBS Gndpack [108.2] [ SM¥cHW=5 [37.2] o = VB Gndpack [25 P — et [93.8]
e 1 SM+a) 3.1] 1 SM+cHWB=5 [3.9] £ ) SM+cW=1 [70.3 1 SM+cHWB=5 [14.1]
@ o] SM+cH11—3 [19 7 —+— Data [4841.0] 5 = SM+cH]1 =321 4] —+— Data [296.0]
S 10°E = Syst [4482.0] > 50 Syst. [351.8]
w w

MR
N

Data/Expected
Data/Expected

|
500 1000 1500 2000

My
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.. US| Y
Uncertainties %U/{LX

] CMS Work in progress L =41.5/fb (13 TeV)

. VBS Gridpack [19.1] D QCDScaleEnv Up [21.1]
S
D QCDScaleEnv Down [14 Syst. [19.1]
A

Account for different QCD scales in
2 — 4 and 2 — 6 generations

Events / bin

. my, Vv decay X — X;
| dynamical V scattering

Take envelope of ugr €[0.5, 1, 2], all
analytical forms for dynamical scales
(45 variations):

> transverse mass of 2 — 2 system
resulting of a Ry clustering

N
> Zi:1 m:? + p?’,i

06 £ E
N > > 1000 2000 3000
> 0.5xY 1, /m?+p2; W o

> SN B D -
iz Ei - pri/ il [ 1F, 1R Uncertainties amount to ]

Data/Expected

> 5 ~ 15 — 20% on the SM EW VBS process
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. .. US|
Uncertainties % | UL

The treatment of systematic uncertainties

follows from the CMS SM analysis.
Experimental and theory uncertainties
computed also for EFT predictions

CMS Work in progress Vs = 13 TeV, L = 41.5/fb

2 1 [

§ sm | 1JES JER | AK8 scale

Yol [t  bagsF
[ lJetPUID . MET]

10

o

107
1.

M

12

Var / Nom

—
2500 3000

Muy

500 1000 1500 2000

G. Boldrini, 29/02/2024, 1st COMETA General Meeting
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Leprince-Ringuet @ wsmas

Experimental / background modeling
> Lumi (InN): all MC + EFT/top & W+jets
PU (InN): all MC + EFT
Lepton eff + scale (shape): all MC + EFT
JES + JER (AK&) (InN): all MC + EFT
JES + JER (AK8) (InN): all MC + EFT
AK8 mass scale + res (InN): all MC + EFT
721 (shape): all MC + EFT
MET (InN): all MC + EFT
QGL morphing (shape): all MC + EFT
JetPUID SF (shape): all MC + EFT
> btag SF (shape): all MC + EFT
Theory
» PS+UE (shape): all MC + EFT
> PDF (shape): all MC/top & W+jets
>, ur (shape): all MC/top & W+jets

vV VYV VvV VY VvV VvVVYy
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VBS WV — [vqq SMEFT: Uncertainties o | BiAtpa

The treatment of systematic uncertainties on the background follows from the SM
analysis. Special attention SM EW VBS and to EFT.

Account for different QCD scales in 2 — 4 Experimental / background modeling

and 2 — 6: envelope of 1ig r €lo.5,1, 2], all > Lumi (InN): all MC + EFT/top & W+jets
analytical forms (44 variations). PU (nN): all MC + EFT

Lepton eff + scale (shape): all MC + EFT
JES + JER (AK&) (InN): all MC + EFT

JES + JER (AK8) (InN): all MC + EFT

AK8 mass scale + res (InN): all MC + EFT
721 (shape): all MC + EFT

MET (InN): all MC + EFT

QGL morphing (shape): all MC + EFT
JetPUID SF (shape): all MC + EFT

> btag SF (shape): all MC + EFT

CMS Work in progress Vs = 13 TeV, L = 41.5/fb
quad_cw | [JES JER | AK8 scale

Events

" IAK8res. | |AK8massres. | Ty EbtagSF

[ ps L mET

vV VY VvV VvV VvV VvV VvVVvVYy

5 Theory
8 > PS (shape): all MC + EFT
500 7000 1500 2000 2500 3000 > UE+PDF (shape): all MC + EFT/top & W+jets

G. Boldrini, 29/02/2024, 1st COMETA General Meeting Muv > pr, pg (shape): all MC/top & W+jets 36
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VBS SM Combination %WLX

CMS Run Il combination of VBS
measurements
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VBS Combination %U/L

The Analyses Involved More than 1 parameter  Only 1 parameter
osww SSWw wz 2z
Analysis wrw- | w-w— | wrwt | w-z w+z 2z
Wvjj — ljjjj v v v v v =
2Vjj — 2ljjjj - - - v v v
WHW—jj — 2l2vjj v = = = = =
WEWEjj — 2l2vjj - v v - - -
WEZjj — 2l2vjj - - - v v -
2Zjj — uljj E - - - - v
WEWEjj — 20 - v v - - -
ZZjj — 2l2vjj = = = = = v
Wjj — 6j % v % Y v v
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-28mL

-28MNL

(

i

i
\

LU X

Laboratoire
Leprince-Ringuet

Nuisance correlations between channels studied in details

)

cMs = Towms r_WZ=1.000"92
7E ternal § 7f mema wz=1000-07
: - Leading channel
\
I I SS+WZ+0S+WV+2ZV+2Z(4l) stat.
] + only
s ~z p SS+WZ+OS+WV+ZV+ZZ(4l) Full
E ‘CMS‘ r22=1.0009%% % £ ‘CMS‘ nllisances
+ A4 »> Improved by 15% in significance
T i on OSWW, 13% on WZ and 16%
+ + on ZZ (w ZZ2l2v)
_ osww ssww wz 2z
Expecte dto get % w | 10004328 1.000797% 1.000192% 1.000794%3
. o 6.2 10.8 55 37
evidence for all 6
ters _ WpWm WpWp WmWm Wpz Wmz 2z
parame E 4 | 10007318 | 1.000%57  1.000133% | 1.000%5328  1.0007451 | 1.000742
o 6.2 "7 4.6 4.9 3.4 37
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Inclusion of SSWW+7, % U/(LX

8
g [ CMS r_SSWW =1.000" "
< 7 i
Ny i Internal r SSWW = 1.000 * 0166
, C — -0.148
— SSWW Full Combination
61
N Combination + SSWW-tau
5
4F
3
2f
1
0: 1 " " " 1 " & " " " " 1 " " "
0.6 0.8 1 1.2 1.4 1.6
r_ SSWW
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Inclusion of SSWW-+7, and ZZ(2l2v) o LM X

I CMS

[ Internal

-2AInL
~

G —— saoswzzay

—— sswzioswvizzvzzEm)

+0.406
r_Zz=1.000_ .,

+0.341
r_Zz=1.000_ .

1 1 1 1
02 04 06 08

.
1

1 1 1 1
12 14 16 18 2

» Including ZZ(2[2v) not

straightforward: OSWW DY CR is
overlapping with both the
ZZ(2[2v) signal region and DY CR.

SSWW+7, and ZZ(2[2v) event
processing is different — might
need a dedicated nuisance
treatment.

Little gain from SSWW-+7, while
ZZ(2l2v) gives significant

. 77 contributions.
POI Oexp | Texp (WZZ(2120)) | Oexp (W SSWW-74) | exp Single channel
SSWW | 10.8 10.8 10.8 10.4
OSWW | 6.2 6.2 6.2 5.5
Wz 5.5 5.5 5.5 4.7
2z 3.7 4.2 3.7 3.6
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. . IS |
Nuisance correlation %%X

Built framework for nuisance correlation on top of hh-inference tools.
Some changes affect the following categories:

» Lumi: Updated all analysis lumi uncertainties with LUM POG recommandations
QCDscales: Correlated for signals and some backgrounds.

Lepton efficiency: Correlated all analyses

Lepton scales: Correlated OSWW,WV,ZV

UE: Correlated. Only present in OSWW,WV,ZV

Trigger: Correlated OSWW,WV,ZV as share same triggers

Fakes: Correlated syst. OSWW,WV,2V, identical fake computation while decorrelated 30% LnN
due to different fake sources

JES+JER: Correlated OSWW,WV,ZV (full split) for AKs. Correlated WV,ZV for AK8
MET: Correlated OSWW,WV only present in these channels
Prefiring: Correlated all analyses
PUID/PU: Correlated OSWW,WV,ZV
> Btag: Correlated OSWW,WV,zZV
Full correlation tables in and

vVvyVYyVvVVyvyy

vVvyyvyy

Most nuisances not correlated mainly due to different correlation scheme (Full / Minimal), due to
missing nuisances (e.g. PU, PS) or due to differences in the calculations (e.g. trigger, fakes, ...)
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https://gitlab.cern.ch/hh/tools/inference
https://twiki.cern.ch/twiki/bin/view/CMS/LumiRecommendationsRun2

Uncertainties Impacts

Impact of nuisance parameters:
re-evaluating fit shifting the nuisance
value.

> Constrained (unconstrained)

Nuisances parameter prefit value

6o = 1(0)

Perform best fit of u — /i

proﬁling nAuisance parameters

— 0+ 0(0)

» Shift one nuisance up (+o) and
down (—o), fix other ones.
Perform the fit for p — p4

> Nuisance pull: (§ — 65)/c(6)

» Nuisance Impact: Ay =yt — fi

F, UR Uncertainties on EW VBS signals
and backgrounds dominate sensitivity
+ data driven background x-sec

[ Unconstrained il Gaussian
[ Poisson

o« C M S Internal

!

Laboratoire
Leprince-Ringuet @

r OSWW = 1.00°18

-013

GOzl onk OSWH.
07697

818
u.aoﬁ&

09900

Noaswn-

[ Unconstrained lll Gaussian
[ Poisson

«OlS

QDscalo_ouk SSWM
um_ta1e

s kw2016

NoaaswN o

= Uncunsiralned- Gaussian
3 Poi -

r’s’mw_mo“‘"5

r/WZ =1. oo‘0 29

—0.25

aCDscale_ouk W2

13TV XVFact

s sosie | 2016

No o s wN o

cus st m

.« CMS Internal

m Uncnnsﬂamed- Gaussian
[ Poisson

+0.41
r2Z=1. oo_035

QCorese e 22 Sanma~mansy
085°%
10188

49

113
8%
127510

NoaswN-

11150

B

0.05

005 0

2
measurements -Pull [@+10 Impact [[-1o Impact (@—60)/A6 Ar Z2Z
[ The combination is stable within each analysis stability ]
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Impacts - OSWW o U X

Laboratoire
Leprince-Ringuet @

Data Asimov impacts Combination (no ZZ(22v))  gpserved impacts VBS-OSWW

I oo casson CMS Internal r_OSWW = 1.00791

it — ot CMS internal r_vbs = 1.12'92

[oe—

conesnvp 3

s
Hi

coNmoaeN

o b1

l
I

- Observed impacts VBS-WV

!

s 0.24
= e rvesos 2 = :ﬂm:mm= Gaussian CMS Internal F=1.000%
y fanemaney T

2 psisn

ous.Ps_Fsn. VoS dgolehecol Po———

doawen o

—_—

2

Z 0.05
--Pull [+ Impact [[J-1o Impact

1 -0.05 0
(6-0,)/00 Ar OSWW

Only constrained nuisances shown for combination. For full tables check this
link
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https://gboldrin.web.cern.ch/gboldrin/VBS_Combination/impacts/correlation_v7/impacts_r_OSWW.pdf

Impacts - SSWW o U X

Laboratoire
Leprince-Ringuet @

Data Asimov impacts Combination (no 22(2(2v)) Observed impacts VBS-SSWW

B preonsuaincall Cavsser, CMS Internal I m =1 00‘O 18

Edrosson @ _ IV 0.1 0.11
! - it — o CMS internal r_s0 = 1.02'5 1}
2 e 1 CMS_faho 2018 ———
2 o 2 " —
4 3 vl o ———
: 4 asen| L —a—
H s o sram 0074
: T 6 O jon_2018.
o ==t 7 POF
2 8 13TV 2018
b 9 oM jon 2017
5 I 10 CMS_proiro_2017
2
1
1
15 ——
1 .
" Observed impacts VBS-WV
1
2
= H 0.24
2 [{leiotnt— o CMS internal F=1.009%
s 1 pamas~emasy T T
P 2 069°1
= 3 Toa8n
2% ) o
x 5 119%7
= o . 195
jod 7 13037
a0 8 l.|63‘|

2 1 -01-005 0 005 01 | 1o
Pull [@+10 Impact [-1o Impact (6-6,)/08 Ar SSWW 10 1g8l

Only constrained nuisances shown for combination. For full tables check this
link
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https://gboldrin.web.cern.ch/gboldrin/VBS_Combination/impacts/correlation_v7/impacts_r_SSWW.pdf

Impacts - WZ

Data Asimov impacts Combination (no 22(2[2v))

[T — oyt CMS Internal W2 = 1.00°0%

2 otz ——
2 -1 0 1 2 -0.1 0
-Pull [ +1o Impact [-10 Impact (6-6,)/08 Ar"WZ

%
U X
;
Laboratoire
Leprince-Ringuet &
Observed impacts VBS-Wz
CMS internal s1=1.28'9%
. - et
2 a
H ——
‘ e
s ot
. e
H e
8 13TV 2018
s .
b e
0
Observed impacts VBS-WV
[T teosaa— oo CMS internal F=1 .oojg_f:
1 pS— T - T
H . Toutt
N iy
5 Lty
7 P
8 ue;:
b : lagt
n
Expected MC impacts VBS-ZV
R o CMS internal r=1 Dﬁ?
1.00°%
5 oot
A by
5 1.00%%
s ool
H b
8 H)O'ﬁﬂ
9 ijm
i ot

Only constrained nuisances shown for combination. For full tables check this

link
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https://gboldrin.web.cern.ch/gboldrin/VBS_Combination/impacts/correlation_v7/impacts_r_WZ.pdf

CMS |

Impacts - ZZ i

Laboratoire
Leprince-Ringuet @

Data Asimov impacts Combination (no 22(2(2v)) Observed impacts VBS

\+0.40
CMS Internal 1 ZZ=1.0074 = p—
! ¥ Posson @ CMS internal
2 1 ‘ShapeQCOscals s
3 - 2 oMS et e
: = 3 POF 0
: 4
° 5 ‘ShapaPrefing 2017
: 6 -
d = 7 oM ot m.
: - s s 20
0 9 sy
1 —_— 10 218
12
1 —
1
5
1 — .
% e — Expected MC impacts VBS-ZV
1 i
2
2
& = ::m;u.xn-a= Gaussian CMS Internal
= f Py =
2 =
2 — : Jﬁm
2 e : o
x 5 10088
= 6 "mw
: — i ro0tH
20 s 10088
2 -1 o 1 2 005 0 005 N 1.00%%
~Pull [0 +10 Impact [0-1o Impact (0-8,)/00 N7z e 1088

Only constrained nuisances shown for combination. For full tables check this
link

One sided-behaviour for jet energy scales coming from VBS-ZZ4l. Templates are one-sided for all years. The behaviour disappears

once correlating with VBS-ssww / wz (ELEEE
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https://gboldrin.web.cern.ch/gboldrin/VBS_Combination/impacts/correlation_v7/impacts_r_ZZ.pdf

S/B plots %U/LX

o FM§ Warkln;‘:rogress . 1‘3&0 ib“(I‘a Tev) 9 CM? W?Vkin‘pmgr‘ess I 1:‘55.0 b (13 Tev)
oL log(S/B) plots from postfit
‘ profiling nuisances and fitting
s T s background normalization to
£ HE data but keeping p = 1. All
" ' po-:ts-fitexp;cled Ioa;u(S/B) sEmemea 4péos:-!i}osxp;:&égzloql:](s(;é) regions considered.

B :cms‘ Workin progross 138.0 fb" (13 TeV) Y CMS Workinprogess ____ 136.015" (13 TeV)
Tk i The post-fit background

uncertainties from each bin

are computed with 500 toys

g o g 7

" postfit expected log (S/B) ) " post-it expected log (S/B)
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Bi-dimensional scans (L e X

Leprince-Ringuet @

Charged + and — components positively correlated. Mild correlation among SSWW
and Wz parameters as WZ EW contaminates SSWW SR

138 16” (13 TeV) CMS work in progress. CMS Work in progress 138 o (13 TeV) CMS work in prograss 13810 (13 TeV) CMS Work in proarass 138 b (13 TeV)
i N N

vz

o
s
ls
e

06 08 1z a6 e 06 0s
oy

CMS tor i progss

6 1h
s

ey
pvi Vg, iipim,

CMS worknprogross 13815 (13 TeV) CMS Horkprogess 1381519 TeY)_ CMS workinprogress 13815 (13 Tov) 138" (13 TaV)
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Post-fit WV

CMS |

Throw 500 toys from best post-fit value for each of the 4 POl and fit them to evaluate post-fit

background uncertainty. * Signal is prefit (r=1) and data is Asimov

Events/bin width

Data / Bkg.

CMS work in progress 138.0 fb™' (13 TeV)

T T T T T T T T T
F —e— Data (Asimov) 1

Background Post-Fit

N\ 20 Uncertainty Post-Fit J
[ o Uncertainty Post-Fit _|

D Signal Post-Fit

e

001 02 03 04 05 06 07 08 09

VBSWYV DNN Resolved

* Signal is prefit (r=1) and data is Asimov

G. Boldrini, 29/02/2024, 1st COMETA General Meeting

Events/bin width

Data / Bkg.

LU X

Laboratoire
Leprince-Ringuet @

1o CMS work in progress 138.0 fb™' (13 TeV)
FT ‘ ‘ ‘ ‘ T b hsimow |
2 Background Post-Fit
| x\\x 20 Uncertainty Post-Fit |
10°k [ 10 Uncertainty Post-Fit_|
E [] signai PostFit E
10°E =
10° 3
R B N P B P BT IR
1.
0 01 02 03 04 05 06 07 08 09

VBSWV DNN Boost
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Post-fit OSWW -

Leprince-Ringuet

Throw 500 toys from best post-fit value for each of the 4 POl and fit them to evaluate post-fit
background uncertainty. * Signal is prefit (r=1) and data is Asimov

CMSPreliminary 138.0 1 (13 Tev) CMSPreiiminary 1380 0’ (13 Tev) CMSPreiminary 138.0 b (13 Tev)
2 T 2 T ey g T
gL [ gL — s e — e
Aot IR
Ts [ FR——
w0k smaren o ok [aormre o
wE -
1wk -
10k
TP TP TP TP T Lo
st s gt
E RIS E e
] | — H i ===t
L A L N A L A I L T L L I T N
VBSOS DNN High Z 2016 VBSOS DNN High Z 2017 VBSOS DNN High Z 2018
CMSpPreliminary 138.0 b (13 Tev) CMSpreliminary 138.0 fb (13 TeV) CMSPreliminary 138.0 fo (13 Tev)
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Post-fit =2 U/(LX

Leprince-Ringuet @

Throw 500 toys from best post-fit value for each of the 4 POl and fit them to evaluate post-fit
background uncertainty. * Signal is prefit (r=1) and data is Asimov
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* Signal is prefit (r=1) and data is Asimov
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Post-fit =2 U/{LX

Leprince-Ringuet @

Throw 500 toys from best post-fit value for each of the 4 POl and fit them to evaluate post-fit
background uncertainty. * Signal is prefit (r=1) and data is Asimov
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