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Overview

Leading production modes at \/E =13TeV

This talk will

® Highlight the precise measurements of Higgs
boson cross section using the Simplified
Template Cross Section (STXS) framework

® Focus on the re-interpretation using the
Effective Field Theory (EFT) framework

® Review a selection of the recent ATLAS Higgs

Decay channels branching ratio at

boson combined measurements my; = 125 GeV (relevant to the talk)
® Higgs combined STXS ATLAS-CONF-2020-027 H->bb (68.4%) | H->WW*->Ivlv (1.1%)
® Higgs combined STXS EFT (and MSSM) /
interpretations ATLAS-CONF-2020-053 ,<
® New! SM WW and H=WW?* combined EFT !

interpretation ATL-PHYS-PUB-2021-010

R . H->¥7 (0.2%)
® H—inv interpretation ATLAS-CONF-2020-052
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/
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Combined STXS measurement
(o] }

STXS model

® The STXS framework partitions
major Higgs production phase space
into several regions (bins) to
® avoid large theory uncertainties
® match the experimental selections
® provide BSM sensitivity

e The combination uses 139 fb—!
H— vy and H—4l with all leading
production modes (ggF, VBF, VH,
ttH)), and H— bb (VH only)

® Finer granularity in some bins, e.g.

® ggF N; > 2 and high p regions
are single bins in H—4l

gg — H + bbH
= 0jets

|—| 0-jet, 10 < pk < 200 GeV
1-jet, pif < 60 GeV'

1-jet, 60 < plf < 120 GeV
1jet, 120 < plf < 200GeV/

Pl < 200GeV

> 2jots

m;; < 350 GeV |—| > 2jet, my; < 350 GeV, pif < 120 GeV |

> 2-jet, my; < 350 GeV, 120 < p < 200 GeV|

L 1o ojem 2 m0Gevpf <omcev |
200 < pif < 300 GeV

300 < pif < 450 GeV

pH > 450 GeV
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 http://cdsweb.cern.ch/record/2725727
https://arxiv.org/abs/2004.03447
https://arxiv.org/abs/2007.02873

EFT interpretation of the combination
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EFT interpretation of the combination
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SMEFT modeling
® LsmerT = Lsm + Z %Oi

Coefficient Operator Example process

® O;, dim-6 EFT operator in Warsaw basis
. . . w
® ¢;, Wilson coefficient &, HIDLH@Tve) ">@<f

® A, cutoff energy scale (1 TeV)

® The full linear(1/A%)+quadratic(1/A") e HUH W Wi \ WFW;I
arametrization for the i-th STXS bin -

P Gn o D H,) q>«; £

q ~H

Oi = OSM,i Z(l =+ AJL-’iCj =+ Bﬁ(iCjCk);
Jk
® branching ratio parametrized defined as the ratio of the Higgs partial width and
total width parametrized to be

H—X H—X
L+ A "g+Y By g
J Jk

BRH—»X — é—lM~>X = -
s, 1+ZAJF cj—&—Zk:Bﬁ( CjCk
j J

® Linear-only (quadratic terms dropped) and and linear4-quadratic measurements
are usually compared to see the EFT impact at 1/A4
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EFT interpretation of the combination
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SMEFT modeling cont.

ATLAS Preliminary —e— Total Stat
1= 13Tev, 130 10" —_— sy [
my =125.09 GaV, Iy, <25

Poy=91%

® Replace signal strengths with their
EFT parametrizations:

ai(c) x BRH_)X(CJ)

ILL(CJ) = H—=X R
OSM,i X BRSl\?
® The most crucial aspect of

combined STXS EFT
interpretation is the ability to fit
several Wilson coefficients at once
thanks to
® increased sensitivity to common
EFT operators
® complement of sensitivity to
uncommon operators
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EFT interpretation of the combination
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Combined STXS EFT results

® Current STXS measurement cannot fit all Wilson coefficients at once, which
motivates reduction to a new basis via eigenvector decomposition with the linear
EFT parametrization and the SM expected covariance matrix
® Neglect eigenvectors that the analysis is not sensitive to (eigenvalue < 0.01)
® The eigenvalue is the inverse square of the uncertainty expected for the
corresponding parameter, i.e. eigenvalue <0.01 corresponds to expected
uncertainty of +10
® Survey STXS regions sensitivity to the Wilson coefficients and group operators
impact on the same production or decay processes

Visualization of the rotated Wilson coefficient basis
ATLAS Preliminary s=13TeV, 139~

<[l VH, Hbh(VH only) * major affected process| i
Brsmmrmonss| e[l o= H — 77 e
[2] 3
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EFT interpretation of the combination

[ee]e]e] ]
Combined STXS EFT results con
® Excellent sensitivity to 10 ® |nterpretations using both linear and
parameters of interest in the linear+quadratic parametrization have
simultaneous fit been performed
‘ ‘ ‘ ‘ ‘ ® Some quadratic terms (1/A%) in the
ATLAS Prelimi — 68% . . . . .
ey e parametrization influence the limits
1y = 125.( |yl < 25 —e—Linear H '+
T 12808 GV I<22 7 Linear + quackatic significantly
g B S— ® No significant deviation from SM
b ucumiop (<10)
Sy S — w—
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SM WW and H
@000

WW?* combination

© SM WW and H—+WW?* combination
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SM WW and H—WW* combination
o] lee)

Combination overview

® Input analyses based on 36.1 fb™! of data collected during 2015-2016:

® ggF+VBF H—WW?* signal strength (coupling) analysis PLB 789 (2019) 508
® SM WW differential measurement EPJC 79 (2019) 884

Remove WW control region from HWW analysis and use SM WW overall
normalization to constrain WW background in HWW signal region

® Correlate common systematic uncertainties

® Same EFT methodology applied as STXS EFT interpretation

> AARRRAAR T T - 5 ,
2 T Daa’ "\ Uncertay T q w
<3 ATLAS 4 D 20152016
b4 1800F ATLAS W B He F f5=13TeV, 36.1 fio! [ Stat. © syst. uncertainty E
1600F H - WW* - eviav, New < 1(] tiwt [ ww jpenen 5 (NNLO(aq)+NLOIG)[2NLO(EW)
£ jaoop E=1Tev.zern’ 2y Dusi £
g Bw s B
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-24/

SM WW and H—WW?* combination
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Combined SM WW and H—-WW?* results

® Combined measurement conducted in signal

strength style ATLAS Preiminary o Bostit
VE=13TeV, 36 fo"' — 68%CL
. Psu = 53% stat.
—ys.
® 14 signal strength parameters for SM WW + 2 v
for H-WW* e e
., 220-300 GeV —
o 175,
ATLAS Preliminary s=13TeV, 36.1 o' 14, 175220 Gev
. -
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L
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SM WW and H—WW* combination
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Combined SM WW and H—-WW* EFT results

® Linear-only EFT parametrization e Eigenvector method applied

(1/A%)

® 4 parameters precisely measured (within
+1)

ATLAS Pvelihinary ' — 68%CL H H
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© one standard deviation
{1
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H—inv interpretation
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@ H-—inv interpretation
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H—inv interpretation
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Higgs portal Dark Matter interpretation

® SM Higgs to invisible process H— ZZ* — 4v, with BR(H—inv)~ 0.1%
® Higgs production modes considered using 139 fb™! of data: VBF and ttH
® Best-fit value: BR(H—inv) = 0.00 + 0.06

Observed upper limit at 90% CL: BR(H—inv)<0.09

If Higgs decays to a pair of DM particles, BR(H—inv) will be larger

® Upper limit on BR(H—inv)

- T
at 90% CL translated to limit 5 10— By iy <009 ATLAS Freliminary |
P 5 r . All limits at 90% CL Vs=8TeV, 20.3 fb* 7
on spin-independent 8 L : Bt s mt
. . 3 B ' —
DM-nucleon elastic scattering p—— B
cross section (ocwrvp-n) and S
WIMP mass (mwimp) w0
through an EFT approach I
® Excluded phase space for DM 1077 Higgs Poral o Oer experiments |
as scalar or Majorana fermion i S e IMP |
- Pandax-ll  __|
== = XenonlT —
WIMP at low mwimp 1040 R U SR
complements limits set by 1 10 10° 10°

. . Mywe [GeV]
direct search experiments
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https://arxiv.org/pdf/1112.3299.pdf

® Summary
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Summary
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Summary

® Using the STXS framework to combine individual Higgs decay channels is
proven to be successful in constraining Wilson coefficients in the SMEFT
model

® Common EFT interpretation methodology for STXS measurements is largely
laid down and is widely tested in both single decay channel measurements
and combined measurements
® Same methodology is applied for the very first time to non-STXS
measurement in the combination of SM WW and H—+WW?#*, where many
challenges were found and resolved
® combine different flavors of analysis (e.g. unfolded fiducial differential vs
signal strength style measurements)
® parametrize EFT in the background process
® correlate common nuisance parameters

® Exclusion of DM phase space with the Higgs portal DM interpretation via
EFT approach is complementary to the direct detection experiments
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Additional Material
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Additional Material
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STXS bins

Vi(lep)H

ATLAS-CONF-2020-027

gg — H + bbH
— Hew, 75 < g < 150GeV
EW ad - Had

O-jet, 10 < < 200GeV
— :
# < 200 Gev < Ljet

Ljet, pif < 60GeV
: ,

n, < 350GeV y—|27rjeh,m,!<ﬁﬂ)(}ev.p‘{<lzﬂcev )
> 2-jet, my; < 350 GeV, 120 < plf < 200 GeV
> 2jet, my; = 350GV, pff < 200GeV .
200 < pf < 300GV
> 2-jet, 350 < my; < 700 GeV, p < 200 GeV |
300 < pfl < 450 GeV
> 2-jet, my; > 700GeV, il < 200 GeV |
P =450 GeV.

HEt, pf <150 GeV
> 2jets

o HEt
HEL 150 < pf < 250GeV
> 2et, m;; < 350 GeV, VH topo T
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Additional Material
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STXS results

ATLAS Preliminary Tol st Syst

V5= 13Tev, 13916 o [ PO

my=125.09GeV, Iy | <25 o 1 07 o Lo 000
® Common systematic uncertainties et e -

= syt

Toa Sl Syt
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of branching ratios: o ssoca et Hmamt
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BRf

— <tiet ="
BRZZ =281, m, <350 GeV, VH velo =
> 2461, m; <350 GeV, VH topo e
-2Hag x B i}
22461, 350 € m, <700 GeV, p <200 GV [
226t m, 2700 GeV. p} <200 GeV

e Compatibility with SM: dmmimemmey
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Additional Material
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SMEFT: from Lagrangian to observable

c
LsMmerT = Lsm + Z /T'QO,
i
® (;, dim-6 EFT operator

® ¢; the corresponding Wilson coefficient (free parameters of the theory)
® A the cutoff energy scale

Ci
* Mgmerr = Msm + Z M

Ci¢j

IMsmEerr|? = [Msu|? + 22 Az Re(MgyM;) + Z

ij

Re(M;M;)
® 03TXS = O0SM + Oint + OBSM

® int, interference between SMEFT operators and SM (1/A?)
® opsm, SMEFT contribution only (1/A%)
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Additional Material
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EFT operators

Coefficient Operator Example process
cuop (H'D*H) (H'D,H)
cHG H'HG,G™
Coefficient Operator Example process
cus HYH B, B A H
CuG @P”‘“VTAW)E G;“y K '
caw H HWL W™ 8 t
G I g
— HiT H WL, B cuB (Gpo*”uy)H By, q i
Cqu (@pYud)(Gry*qs)
Cert (H'H)(Ipe, H) 3q GpYut 9 G5y 7' q0)
Cqq (@pYua)(Gry*as)
& @By Caq Gyt a0 @y as)
Cuu (@pYytty) sy ) q >£<\ A
ey ) _ _
G HPDH @y ) Cuu (tpYyutae) (GryHuss) q !
= Cu @pYuge) @ryus)
ce  (HDLH)Eyte) & @y tu) [y TAdy)
= u @yl @y T u)
g HIDRDG@Y ) v Gy a)(dsy T dy)
g t ot
ABC GAv Bp C1
g HIBLDGTya) ‘G JTGGTG, . 2@‘5\{ H
cmu (D )y
cua  (H'DH)dpyhdy)
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Linear EFT parametrization

® Interference-only (linear, 1/A?)

H X
. 1+ sy
(0 x BR)"™X = (0 x BR)GH X\ o % 1+7'”‘(N) x|
TSM,(N)LO
H—X
1+ZAF G
= (e xBR)ummio X 1+ _ATq —
J

%

H—X H
(0 x BR)¢u (Lo X (1 + Z (A"' +ATT A ) q)
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Linear+quadratic EFT parametrization

A general STXS EFT interpretation methodology given in ATL-PHYS-PUB-2019-042

(0 X BR)gyias = (UXBR)IH?EI)w()N Lo 1+ZAU'CJ+Z K GiCk
1+ZAF” 5+ B XcJ-Ck

1+ S AN G+ Z ek
j ik
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-042/

Additional Material
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EFT impact on acceptance in H— 4/

Discriminant distribution shape strongly dependent on some Wilson coefficients
Eur. Phys. J. C 80 (2020) 957
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EFT impact in STXS bins (

ATLAS-CONF-2020-053
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EFT impact in STXS bins (eigenvector)

ATLAS-CONF-2020-053

OggH Over

ATLAS Preliminary
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EFT eigenvectors before grouping

Eigenvectors before grouping EFT operators that affect common processes and
remove individual Wilson coefficients that have small contribution to some
eigenvectors ATLAS-CONF-2020-053

# X ATLAS Preliminary s=13TeV, 139!
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EFT impact in SMWW and HWW

ATL-PHYS-PUB-2021-010
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EFT sensitivity in SMWW and HWW

Constraining one Wilson coefficient at a time, some have better sensitivity in the
combined measured than the standalone measurements ATL-PHYS-PUB-2021-010
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