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Introduction

Goal is to extract limits on dim-8 EFT parameters Set of 18 dim-8 operators affecting quartic boson vertices:
using public results from VBS analyses @13 TeV Dim-8 Ore
operator Oso Omo Omz Opp  Ors
_ _ Quartic Osi Omi Oms Or1 Ors  Ors
Combine ATLAS and CMS results of different VBS vertex Og Owr Ous Op Op O
channels using hepdata information
WWWW v v v
Use EFT parametr.ization from: O. Eboli, M. Gonzalez- W+W-77Z % Y % Y %
Garcia (2016) (arxiv:1604.03555) WHW-2Zy y y v y
Use MG5 + Pythia8 for EFT modeling and the WHWyy v v v
approach of splitting the different EFT expansion
i 7777 v v v v v v
erms
777y JS v v S Y
Use tr:/e clipping method as unitarization procedure at 7Zvy J J/ Y Y Y
large Vs
J 7yyy v v v
YYYY v v v

This talk present the progress in the last months
including the validation of the truth level samples
and ssWW ATLAS limits



https://arxiv.org/pdf/1604.03555.pdf
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ATLAS and CMS recent results
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Signal modelling
Generation with Madgraph+Pythia8

Madgraph is able to generate the individual contributions of the SM+EFT amplitude:

: 2
ASM""Z% |ASM| —|—Zz—R€AASM —FZ%VH ZZ JfReAA

1,],1#]
Interference SM-EFT Pure EFT (quadratic term) EFT cross term

> This splitting can be used to scan the whole parameter space with only a few generated
samples (by scaling of the different terms)

» Validation of this approach has to be done for every channel and process (ssWW and
WZ channels extensive validation was show here)

o VBSCan proposal on metadata parameters for MG generation (SM parameters, theoretical
uncertainties, PS cuts)


https://indico.cern.ch/event/848323/contributions/3563990/attachments/1917132/3170059/2019-09-30_SignalSampleModelling.pdf

Signal modelling Validation

Madgraph is able to generate the individual
contributions of the SM+EFT amplitude

Events

Split contributions should sum up to the full cross
section (independent generation)

- SM

-o- full
—o-SUM

- INnt MO
-¢-quad MO

Quadratic term is always dominant
over interference term

*/full

ssWW
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https://indico.cern.ch/event/880265/contributions/3708631/attachments/1970666/3312655/2020-02-14_Fitting.pdf

Signal modelling Validation

Madgraph is able to generate the individual

contributions of the SM+EFT amplitude

Split contributions should sum up to the full cross 2

section (independent generation)

- SM :
-o- full
—¢-SUmM
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Quadratic term is always dominant
over interference term
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Signal modelling Validation
Wz

Madgraph is able to generate the individual
contributions of the SM+EFT amplitude

Split contributions should sum up to the full cross
section (independent generation)

- SM
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https://indico.cern.ch/event/880265/contributions/3708631/attachments/1970666/3312655/2020-02-14_Fitting.pdf
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Signal modelling Validation
ssWW

Truth_Twoleptons/truth_wbos_mww

Madgraph is able to generate the individual S1CE g ovgtev st ana 3
contributions of the SM+EFT amplitude S 4t WWrj EW, e’ channel -+-SM 3
% = Eboli et al. EI:T dim-8 -®- fu” =

Split contributions should sum up to the full cros & 'CE ™ """ —¢-Sum E
section (independent generation) 10° " o intMO =
10F, -¢-quad MO =

—-Sum 10_2 e, B
& intMO . T,
—+-quad MO ) % Ll
" E...I....I.. |||||||Fi|’l‘|L1|ﬂ|||||||i|||g E %

> Works for most of the distributions and 2-0:—"'""'"'""'"'"""'”F'""'{'I"""""""—:
parameter, but sometimes the full sample = 1sf AR ; T E
has integration problems in the tails. = © Ofmrast s °'-...“.°..‘.° 1 ]

» The decomposition works fine also without i 'L'”"ﬁ"g' T e e Y
the cut. Hence, the decomposition is m, [TeV]

preferred over the FULL generation now
also from a physics point of view!


https://indico.cern.ch/event/880265/contributions/3708631/attachments/1970666/3312655/2020-02-14_Fitting.pdf

Signal modelling Validation
ssWW

Testing the integration 1n the high mass tails

® m; > 500 GeV at MG generation level
= Improve the integration of the FULL sample in the high mass tails

I tefanie T

TECHNISCHE
@ UNIVERSITAT
DRESDEN

® Process: uu > ddput putvv (same flavour only technically possible in MG), parameter: frg = 0.7 TeV—*

® The agreement is good also in the very high tails!

= The FULL sample is problematic in the tails when no mass cut is placed. The decomposition works fine also without
the cut. Hence, the decomposition is preferred over the FULL generation now also from a physics point of view!
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https://indico.cern.ch/event/880265/contributions/3708631/attachments/1970666/3312655/2020-02-14_Fitting.pdf

Events/10 GeV

Restoring unitarity al large Vs

The clipping method

Inclusive anomalous coupling Anomalous coupling
measurement measurement with M cutoff
v ro gy T rrferer T rr eyl eory 3 ""I""l""l""I""~
-
2 |
&
@ B
= SM
C-SM
For every M ° b
cutoff value
300 400 500
“Vs”  from Senka Duric
o _ _ 001 CMS 359fb ' (13 TeV)
Use the EFT prediction only up to a clipping energy S o008 —+ Expected
. . . =2 =
Vs = Eaip and set any contribution from this theory to 0 2 0.006 |- ~+ Obaerved
beyond this energy o 0.004 -
0.002 3 °
The clipping is done at parton level 3 '
0.004
The SM predictions as well as the data remain untouched 0.006 -
0.008 |~
Derive aQGC limits for various Eclip 0.0 b

my; cutoff (GeV)

CMS-SMP-16-017-003
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Clipping studies
ssWW

Calculate mww before showering to mimic Vs

Clip the mww at different values ~ #-SumE_, =500

+sum E = 1000
e
—¢-Sum clip —
- SUm Eclip =

ATLAS ssWW has published the position of the last data point in m; that could be use as
reference for first clipping point
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Focus now on the ssWW ATLAS channel
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https://www.hepdata.net/record/ins1738841

Events / 25 GeV

ssWW hepdata inputs

o Take the data and MC yields from Hepdata

4

20

15

10

Postfit dilepton invariant mass (my) in 7
bins was provided together with
uncertainties for data and simulation

Publication Arxiv:1912.09837
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https://arxiv.org/abs/1912.09837
https://www.hepdata.net/record/ins1738841?version=1

ssWW hepdata inputs

o Take the data and MC yields from Hepdata

» Postfit dilepton invariant mass (my) in 7
bins was provided together with
uncertainties for data and simulation

» Per bin detector efficiency Cww also

0.85—
provided in my bins
0.80—
0.75—
: - 0.70—
Cww in my bins @ HEPData
0.65—
Dilepton invariant mass, m; Cww 0.60 —
+ +
0-50 0.56 £0.29 total 0.55— ——
0.50
50—
50-100 0.49 £0.07 total —— )\
0.45—
100-150 0.54 +0.07 total
0.40—
150-225 0.56 +0.08 total 0.35 —
225-300 0.53 0.09 total 0.30 —
| | | | | | | | | | | | |
300 - 400 0.52 +0.09 total 0 50 100 150 200 250 300 350 400 450 500 550 600
Dilepton invariant mass. m {ll}
400 - 600 0.47 +0.08 total
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https://www.hepdata.net/record/ins1738841?version=1

ssWW EWK hepdata inputs

Multiply our Madgraph+Pythia8 truth level
simulation by the provided efficiency values
per bin

Compare our SM simulation with the
post-fit results from ATLAS

30—
— ATLAS hepdata
- (s=13TeV, [Ldt=361b" — SMMad+Py8 x Cyyyy
I Eboli et al. EFT dim-8 — WWijj EWK hepdata
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15— /
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S
10 _—
I y
: G
s /) T
MANML
LIV
o [ | | | |
00 100 200 300 400 500 600
s E
g 1
Q -
212
> 1
Sos| | 1] I
Sk I
0.6— S S e e e
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dim-8 inputs for ssWW

Multiply our Madgraph+Pythia8 EFT truth
level simulation by the provided efficiency

values per bin

@« 25
2 L
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B Eboli et al. EFT dim-8 int SO2
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10— YA TR L
5
O - 1 1 1 1 | 1 1 1 1 | 1 1 1 1 i--l--l--l-T--l 1 1 1 1 | 1 1 1 1
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Events

Events

25
- EFT x ATLAS wa TO = 1.0 TeV*
20— Vs=13 TeV,fL dt=36fb™"
B ; o —SM
B Eboli et al. EFT dim-8 int TO
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50 - ATLAS hepdata —o— ATLAS data ----S02 =15 Tev*
- [ Other prompt -~ TO = 1.0 TeV*
~ ls=13Tev, [Ldt=36f" T wz . T1=05TeV*
40— Eboli et al. EFT dim-8 I e/y conversion - T2 =1.5TeV*
mati ncertainti B [ Non prompt MO = 10 TeV™*
Systematic Uncertainties - EWWIOCD - M1 = 15 Tev™
: : . [ WWijj EWK M7 =25 TeV™*
» ATLAS provides a per bin decomposition of XL =
the systematics on modeling and -
experimental systematics (here all added in 20—
. . 10
» Modeling uncertainties on the new SM

All ingredients together

EWK and EFTs templates were calculated

they include: % 600
@) F
: . D e 1
» Perturbative ME uncertainties: PDFs+as, B
scale Ur,Mr variations T ] e R E—
L S ! S
» Shower uncertainties: Pythia8 vs Herwig7 125 o l ------------------------------------------------------------
or OTF weight with internal variations O_QE_ ..... o e {‘ .................... | — S
S
I - 1 1 | | J | | il il | | L L L | L L L L l 1 1 1 1 l 1 | | |
» Some are asymmetric (scales, shower) 0.45 b5 505 555 3 i 500
m, [GeV]
N HUR,HUF PDF s Shower NLO corrections SM interference  dim-6 EFT
W+Z ~20—-30% 1-3% <1-3% 3—30% - 277- - (various)
W*W= EWK 6 —10% <1% < 1% <1% - 277- <1—4% -
Quad fgp, 7—15% <1—2% < 1% ~40 — 1% - - -
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Fitting status

The fitting framework allow us to extract 1D limits using the asymptotic formula approximation or
the frequentist approach

Systematics can be correlated among bins and channels
Asymmetric uncertainties can also be included

1D limits fitting checklist:

™ Stat only limits

J Nominal: Limits including all systematics

Od Nominal+clipping

OJ Combination with WZ channel

O Include dim-6 effects in all of the above

18



Parameter Stat only
(fi/\4) Asimov (TeV-4)

fso2 [-12,12]
fs1
fmo [-9,9]
fm1 [-14,14]
fmz [21,20]
fro -0.9,0.9]
fr1 -0.5,0.5]
fro -1.2,1.5]

Observed limits Expected limits

(TeV =) (TeV =)
fso/ A* —7.7,7.7) —7.0,7.2
fg1 / A* [—21.6,21.8] [—19.9,20.2]
favo / A* —6.0,5.9] —5.6,5.5]
favi1 /A —8.7,9.1 —7.9,8.5
fnme/A* [-11.9,11.8 —11.1,11.0]
fvy/A* [—13.3,12.9 —12.4,11.8]
fro/A*  [—0.62,0.65] —0.58,0.61]
frq /A —0.28,0.31] —0.26,0.29]
fro/A*  [-0.89,1.02 —0.80, 0.95]

PRL 120 (2018) 081801
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-004/index.html

Events / 100 GeV

Focus now on the ssWW and ZZ CMS channels
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https://www.hepdata.net/record/ins1738841

Slides Max Neukum

ssWW and ZZ limits

Use data from CMS hepdata
Signal from MG5 + Reweight + Pythia8 — Using MG reweighting

Analysis cuts applied at generator level
Efficiency applied to compare with data\

Compare with published results

10% agreement in the ssWW channel
15% agreement in the WZ channel

ZZ
ssWW
obs. limits reconstructed limits
(TeV™%) (TeV ™)
obs. limits  reconstructed limits fso/A* - -62.1, 63.1]
(TeV™%) (TeV™%) fs1/A - -66.3, 66.6
Fso/A* 7.7, 7.7 -7.20, 7.21 faro/ A : -10.1, 10.5]
fs1/A*  [-21.6, 21.8] -21.5, 23.3 fan /A . -33.6, 32.1]
faro/A* [-6.0, 5.9 -5.41, 5.51] farr/A? - -62.5, 65.7
fa /A [-8.7,9.1 -7.89, 8.14] fro/A*  [-0.46, 0.44] -0.41, 0.39]
fur/A* [13.3, 12.9 -12.00, 11.90 fri/A*  [-0.61, 0.61 -0.64, 0.64]
fro/A*  [-0.62, 0.65] -0.506, 0.529; fro/A*  [-1.2, 1.2] -1.19, 1.14]
fri/A*  [-0.28, 0.31] -0.252, 0.271] frs/A*  [-0.84, 0.84] -
fro/A*  [-0.89, 1.02] -0.805, 0.925] fro/A*  [1.8, 1.§] -
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https://indico.cern.ch/event/787344/contributions/3310818/attachments/1806793/2949085/VBSCan_march_update.pdf

ssWW and ZZ limits

Use data from CMS hepdata

Signal from MG5 + Reweight + Pythia8 — Using MG reweighting

Analysis cuts applied at generator level
Efficiency applied to compare with data

Compare with published results

10% agreement in the ssWW channel
15% agreement in the WZ channel

Slides Max Neukum

ssWW

Published Calculated

results limits
obs. limits reconstructed limits

(TeV_4) (TeV_4)
fso/A* 7.7, 7.7 -7.20, 7.21]
fs1/A*  [-21.6, 21.8] E2L 5, 2ats)
fao/A* [-6.0, 5.9 -5.41, 5.51
fa /A 8.7, 9.1 -7.89, 8.14]
fur /A [-13.3, 12.9 -12.00, 11.90
fro/A*  [-0.62, 0.65] -0.506, 0.529
fri/A*  [-0.28, 0.31] -0.252, 0.271]
fra/A*  [-0.89, 1.02] -0.805, 0.925

ZZ Published Calculated
results limits
obs. limits reconstructed limits
(TeV™4) (TeV™4)
fso/A* - -62.1, 63.1
fs1/A* - -66.3, 66.6
fMo/Ai - S;‘é‘i‘é\’ -10.1, 105
fMl/A4 ~ sensitive 500021
faar /A - -62.5, 65.7]
fro/A*  [-0.46, 0.44] -0.41, 0.39
fri/A*  [-0.61, 0.61 -0.64, 0.64
ﬁmﬁj [1.2,1.2] -1.19, 1.14
T8 -0.84, 0.84 _ N
fro /A% 1.8, 1.8] ssWW not sensitive



https://indico.cern.ch/event/787344/contributions/3310818/attachments/1806793/2949085/VBSCan_march_update.pdf
https://indico.cern.ch/event/787344/contributions/3310818/attachments/1806793/2949085/VBSCan_march_update.pdf

First CMS ssWW and ZZ combination

The detector uncertainties available in hepdata are included

So far only luminosity correlated

Signal from MG5 + Pythia8 — Using MG reweighting

Analysis cuts applied at generator level
Efficiency applied to compare with data

Slides Max Neukum

reconstructed CMS ssWW CMS 77 combined
limits (TeV ™) (TeV ™) (TeV ™)
Fs0/A* -7.20, 7.21] -62.1, 63.1 (7.22, 771
fo1 /A -21.5, 23.3] -66.3, 66.6 -21.7, 23.4]
Faro/A -5.41, 5.51] -10.1, 10.5 -5.34, 5.59]

Far1 /A -7.89, 8.14] -33.6, 32.1] -7.76, 8.02]

Farr /A -12.00, 11.90] -62.5, 65.7] -12.1, 12.0

fro/ A -0.506, 0.529)] -0.41, 0.39] 10.369, 0.361]
fr1 /A -0.252, 0.271] -0.64, 0.64] -0.241, 0.257
fra/A? -0.805, 0.925 -1.19, 1.14] -0.711, 0.784

not
> significant
gain

> Gain by
combination!

23


https://indico.cern.ch/event/787344/contributions/3310818/attachments/1806793/2949085/VBSCan_march_update.pdf

Combination summary and next steps

Lots of progress towards the dim-8 VBS ATLAS+CMS combination

Extensive validation of the signal model (details here)

New version of Eboli model allows to modify several parameters at the same time (i.e 2D limit
possible)
The decomposition approach validated and preferred because of stability in the tails

Clipping procedure in place (ATLAS ssWW has published the position of the last data point in
mll that could be use as reference for clipping)

ATLAS

First dim-8 stat only limits shown. Need to work on including the systematics uncertainties.

Some differences with CMS published limits need to be understood — Maybe different phase
space?

CMS

ssWW and ZZ limits reproduced using hepdata with ~15% agreement (Slides Max Neukum)
First preliminary combination combination of WZ and ssWW in CMS shown

Next steps:

Machinery now runs smoothly and gives sensible results
We should expect updates soon!

Combination relies on public information, we should provide feedback to the collaborations
with our experience
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https://indico.cern.ch/event/880265/contributions/3708631/attachments/1970666/3312655/2020-02-14_Fitting.pdf
https://indico.cern.ch/event/787344/contributions/3310818/attachments/1806793/2949085/VBSCan_march_update.pdf

Some more activities of the WG

Studies of Dimension-Six EFT effects in Vector Boson Scattering

o First study in ZZjj channel (Arxiv:1809.04189) now extended to more VV channels
(more details here)

o Study using the ATLAS WZjj channel (master thesis L. Wust here)
o Study using the CMS ssWWijj channel (bachelor thesis here)
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https://arxiv.org/pdf/1809.04189.pdf
https://indico.cern.ch/event/787344/contributions/3310814/attachments/1806166/2947752/marchCombinationmeeting.pdf
https://iktp.tu-dresden.de/IKTP/pub/19/20190830_Lilly_Wuest_Masterthesis.pdf
https://indico.cern.ch/event/848323/contributions/3563988/attachments/1917203/3170160/EFT_30.09.2019.pdf

