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Standard Model measurement
oeo

Overview of VBF HWW differential analysis

® Anysis will perform on Run-2 data of
139 fb~! of integrated luminosity by
ATLAS in 2015-2018

® Analysis targets Higgs production via
Vector Boson Fusion (VBF) and decay
channel H > W+ W — ev + pv

e Kinematics cuts, boosted decision tree
technique and background dominated
control regions used to extract signal
from large background: ggF, top, SM ATLAS v s
WW, Drell-Yan, etc. (more details in L e

parallel session by Sagar)

Plot: "CutVBF_DPHillbd_vbr"
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® Background subtracted data in signal
region unfolded to particle-level
® to be compared with various Monte
Carlo simulations
® to be re-interpretated with Effective
Field Theory (EFT) formalism
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https://indico.cern.ch/event/1034469/contributions/4432701/

Standard Model measurement
ooe

Fiducial phase space

® Fiducial cuts designed to ensure large signal over background ratio and BSM
sensitivity

Category ‘ Fiducial Requirement ‘ Cut Value
In(0)] <25
fead > 22 GeV
Leptons (e + 1, pu+ €) psyblead > 15GeV
Nieptons >2
OS and OF pair Yes
AR(L,0) > 0.1
myy > 10 GeV
mer < mz—25 GeV
Aoy <14
pr(jet) > 30 GeV
Inet)| <45
Jets (anti-k; R=0.4) Niets >2
Np_jet <1
M > 450 GeV
Ayj > 21
lepton-jet separation AR(Y,jet) > 0.4
VBF outside lepton veto Yes
central jet veto < 20 GeV
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@® EFT prediction

Jiayi Chen Brandeis Universi

Effective Field Theory interpretation of the VBF HWW differential analysis with the ATLAS detector 6 /22



EFT prediction
0e00

SMEFT: from Lagrangian to observable

¢
LsmerT = Lsm + Z IT’zO
i
® ;. EFT operator

® ¢;: Wilson coefficient
® A: cutoff energy scale

Ci
* Msyerr = Msm+ Y M

| Msmerr|? = [Msm|? +QZ Re(MgyM;) "‘Z A4‘M 2

o x |[MsmerT|?
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EFT prediction
[e]e] Ie]

EFT operators

® EFT operators constructed by SM gauge and Higgs fields in Warsaw basis.

® Analysis sensitive to the following CP-even operators (plus 3 CP-odd: ¢y,
CHWB, CHB)-

Wilson coefficient ~ Operator definition

CHW (PT(I) W/!W WIMV
CHB CI)T(I)BMUBHV
CHWB (I)T(I) VKiDBI”V

U = 4 _
CHa1 (i®" D ,®)(g7v"q)

<

(i0t' D @)(go'y"q)
CHu (i2! D, @) (@y"u)
CHd (i9T D}, ®)(dv"d)
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EFT prediction
[eJe]e] ]

Motivation: EFT in VBF HWW differential analysis

® The VBF HWW process has two HVV vertices which can be very sensitive to
anomalous coupling

* Example anomalous coupling diagrams of Oy = ®T@ W), W'
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© EFT parametrization
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EFT parametrization
0e00

Differential parametrization in the fiducial region

® Dedicated EFT samples generated with MadGraph5+Pythia8 and
SMEFTsim package

® Goal: find BSM differential cross section parametrization for n-th bin as
functions of ¢;:

oBSMAd. (o) — SMAd-(A e 4+ B, ic?)

® Quadratic term suppressed by 1/A*

® |n general, comparison of limits set by using linear only and full
(linear+quadratic) parametrization can suggest quadratic term impact
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EFT parametrization
[e]e] o]

EFT impact CP-even vs. CP-odd (linear only): cyw, Cuw

EFT parametrization ratio to SM

E ATLAS
o E_ Work in progress [} X—aXiS:
mé_ fid. VBF .. forward __ icentral
“E e W ovpy Ady=9; %]
s ® y-axis:
o ; .
otsf= : i H i L CHW=0.3 linear ° O_BSI\’I(EHW — 0.2)/0_31\/[
o ; . ® CP-even operator impact
sk H _[_—l_ —— GHWIil=0.2 linear .
; symmetric

g g T , ® CP-odd operator impact
o : asymmetric

T FE R R

o1 L A

signed A ¢” [rad]
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EFT parametrization
[e]e]e] ]

EFT impact linear vs. full parametrization: Chgs, CHg1

® Example shows cyq1 quadratic impact is significant

EFT parametrization ratio to SM

ATLAS
0.15 Work in progress
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O EFT fit
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Profile likelihood scan with SM psudo data

® Linear only (1st row) and full (2nd row) parametrization
® | imits dominated by statistical uncertainty
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Preliminary EFT fit result

Jiayi Chen

Limits set at 95% C.L.

Some full parametrizations are work in progress

CHw and cpqs are constrained within 1 with linear only parametrization

cHp and cpgs are constrained within £1 with the full parametrization

CHWB, CHB: CHql, CHy and cHg quadratic term have non-negligible impact in

the limit

Model Parameter Observable Best-fit value Linear only full
CHw signed Ady; 0.00 (-1.59,1.30]  [-1.62,1.55]
Erw signed Ag; 0.00 [~0.11,0.12] —
Chwe signed Ag; 0.00 [~5.89,14.63]  [—1.35,1.29]
EHWB signed A¢ﬂ 0.00 [*516, 529] —_—
cHB signed Adj; 0.00 (—7.43,3.88]  [-0.70,0.74]
g signed A 0.00 [~8.92,9.17] —
CHan leading jet pr 0.00 [<9.93,13.47]  [~1.76,1.56]
CHg3 leading jet pr 0.00 [—0.48,0.39]  [-0.39,0.67]
CHu leading jet pr 0.00 [-7.25,5.74]  [-1.91,2.46]
CHd leading jet pr 0.00 [-17.28,21.66] [—2.89,2.58]
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Summary and outlook
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Summary and outlook
(o] J

Summary and outlook

VBF HWW differential analysis is expected to be sensitive to anomalous
couplings

Optimal observables are chosen to constrain different Wilson coefficients

Preliminary EFT fit using SM-like pseudo data shows possibility to set
stringent limits on some Wilson coefficients

Quaderatic effects of some EFT operators are not negligible




Additional Material
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Additional Material
0e00

Differential cross section fitting strategy

® Multidimensional and simultaneous fit over three macro signal region and
control regions (CRs): VBF signal region, Drell-Yan CR and ggF CR

® Signal region further splitted into various observable bins to be unfolded

® |ikelihood function

Ly p16) = [T P(N|pisi + puobG2:) > P(MIp1obE)
Uisi = Ej{\lﬁd. bins Mi,j . gfid,j +f-L- o_ﬁd

L: luminosity
M; j: unfolding migration matrix
fi- £ - 0" fiducial fakes
oJ; fiducial cross section in the j-th bin
® to be replaced with EFT parametrization function
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Additional Material
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SMEFT vs SM (leading jet and lepton pr1): Crg, CHu, CHgl: CHgs

Ratio of SMEFT with SM

s i i I
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Additional Material
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EFT sensitivity in SMWW and HWW

Constraining one Wilson coefficient at a time in combined EFT interpretation of
SMWW and HWW ATL-PHYS-PUB-2021-010

ATLAS Preliminary —— HWWSMWW
VE=13Te,36.1 10" HwwW
— SMWW
SMEFT A =1TeV
CHa ‘
—004 002 0 002 004
© S P —
Cha —_—— =
o —.—
i ——
o —
— e =
06 04 02 0 02 04 06 Chg [ 4= -y
Cig S
o) —a— —_—
H ——
c, —eT
() - u
Gy ——
——
S — c
O —— N o
() —_— Cwa r
oy e e
u —_— 7% =a
o ~— Crop
i o—
o Cup *
R — T2 3 -5 -10 5 0 5 0 15

Parameter Value

Brandeis University

Effective Fi i h the ATLAS detector


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-010/

	Standard Model measurement
	EFT prediction
	EFT parametrization
	EFT fit
	Summary and outlook
	附录
	Additional Material


