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* In the 1950s theory of electroweak interactions was largely complete,
based on quantum field theory description

* Only “a few” puzzles left to solve:

* At high energies, the weak and electromagnetic forces merge into a
single electroweak force. Yet at low energies, electromagnetic waves
(such as light) can travel an infinite distance, while weak interactions
have a finite range.

* This means electroweak bosons should be massive.
* No theory how to give masses to bosons.



* Several ideas of a mechanism of spontaneuous breaking of
SU(2)xU(1) symmetry were proposed over the years

* Analogy with Anderson’s model of a plasmon explaining
superconductivity

* Works by Hagen, Kibble, Goldstone, Nambu, Salam, ... already
included crucial steps in understanding symmetry breaking in gauge
theories.

* The discovery of the mechanism of electroweak symmetry breaking is
eventually attributed to Peter Higgs, Robert Brout and Francois
Englert



The Higgs mechanism in the SM (1964)

* The mechanism postulates a
new scalar SU(2) field, with a
non-trivial vacuum structure
added in the electroweak

theory.

* Through the boson couplings to
electroweak gauge bosons
bosons fields:

* electroweak fields gain mass

* absorb some degrees of freedom \/

and gain longitudinal polarisations

massive real boson

3 massless Goldstone bosons

Higgs vacuum expectation value v = 246 GeV
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Higgs boson discovery 2012

e Discovery by ATLAS and CMS experiments at the LHC phys.Lett. B716 (2012) 1-29
* using Higgs boson decays into H->ZZ*-> 48, H->yy and H - WW-> uvev
* Resulted in a Nobel Prize in Physics 2013

© Nobel Media AB. Photo: A. © Nobel Media AB. Photo: A.
Mahmoud Mahmoud
Francois Englert Peter W. Higgs

Prize share: 1/2 Prize share: 1/2



Mass measurements

L L L L L L L
ATLAS ~-Total [|Stat. only
Run 1: Vs = 7-8 TeV, 25 fb™, Run 2: s = 13 TeV, 36.1 fb™' Total  (Stat. only)
Run 1 H—4l b - = 124,51+ 0.52 ( + 0.52) GeV
Run 1 H—yy ' . 1+ 126.02 +0.51 (+0.43) GeV
Run 2 H—4/ —— 124.79 + 0.37 ( £ 0.36) GeV
Run 2 H—yy -—ol—- 124.93 +0.40 ( £ 0.21) GeV
| Run1s2 Hoal S 124.71%0.30 (£030) GeV
Run 1+2 H-yy ——e—— 125.32 +0.35 ( £ 0.19) GeV
| RuniCombined = 4#—— 12538 £0.41 (£037) GeV
Run 2 Combined ——i 124.86 +0.27 (£ 0.18) GeV
Runis2Combined e T 124.97 £0.24 (£0.16) GeV
| ATLAS+CMSRuni l.—- """""""""" 125.00£0.24 (£021) GeV
! [ 0 [+ 0 [ 0 [+ 0 [ 0 [0

123 124 125 126 127 _ 128
m,, [GeV]
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spin and CP

4o

Spin- 0, CP even —The Higgs boson is a scalar particle

Yukawa couplings
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Couplings consistent with SM predictions.
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All measurements so far confirm the SM nature of the
Higgs boson.

But what do we know about the Higgs mechanism?

Have we measured the Higgs potential?



The shape of the Higgs potential

* By measuring its couplings to bosons and fermions we can access
properties of the Higgs potential close to the vacuum.

h
R ./

e But... the global shape of the potential can be different from the SM!

?
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How to probe the Higgs potential?

V = —uH?+ \H*

Electroweak Symmetry
Breaking

2
A
V= %hz + Mguh® + ZAn’

)\3 — )\4 — m%/(?vz)

Higgs potential in the SM is parametrised with v and A.

by measuring:

Absorbed Goldstone modes

Magdalena Stawiriskaz\Biataséwka 8/12/2023
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Higgs trilinear self-coupling h%

h

/Probing the Higgs potential could be achieved\

/
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Content of this talk

* Two types of Higgs interactions investigated:

* Higgs boson self-interactions h->hh

* Higgs boson interactions with
longitudinally polarised
electroweak bosons using h-> WW™ decays
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Data collected by the ATLAS detector at the
Large Hadron Collider (LHC)

LHC, CERN, Geneva

The ATLAS detector
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Content of this talk

* Two types of Higgs interactions investigated:
* Higgs boson self-interactions H>HH

* Higgs boson interactions with longitudinally polarised electroweak bosons
using H=> WW~ decays

e Datasets: proton-proton collisions at the LHC
* Run 1 data (2009-2013): E;y =7 and 8 TeV
* early Run 2 data (2015-2018): E.y, = 13TeV, luminosities: 20.3 fb1, 40 b,

* projections towards High Luminosity-LHC (HL-LHC) (2029-2039): E,, =14 TeV,
3000 fbt,

Magdalena Stawinska, Biataséwka 8/12/2023
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h-> hh
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Higgs pair production at proton-proton colliders

Double Higgs production has a cross-section ~ 1-10 fb.
This is ~1000 times smaller than single Higgs production!

We consider the largest production mechanism for Higgs pairs...

10%

HH production at pp colliders at NLO in QCD

My;=125 GeV, MSTW2008 NLO pdf (68%cl)

gluon fusion

vector boson fusion

g : . :

3 associated with top quark pairs

r 4

° 2
% associated with W and 7 bosons

|
o associated with a single top quark
(V]
o
g
10-3 |- | 1 | |
8 1314 25 33 50 75 100

Vs[TeV]
[Frederix etal * 14]
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Predictions for Higgs pairs production
through gluon fusion

000" ---h /h
000 ——-h “h




arXiv:1408.5010.

Sensitivity to trilinear coupling

10
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Cross-section dependence on coupling modification k;
Sensitivity to Kk, largest at the hh threshold
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Decays of Higgs boson pairs

one Higgs decays to -

the other Higgs decays

Y bb
WW*
T
124

bb

WW* TT

Branching fractions probabilities
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ATL-PHYS-PUB-2

Feasibility studies for measuring h—> hh at the HL-LHC

E/— 14 TeV, Luminosity 3000 fb! \

CM ~—

Final state with one h—=> bb, the other
h=2>yy

Dominant backgrounds originating from
continuum bbyy production and
misidentification of b-quarks

Invariant masses m,,, and my,, are good

signal discriminants

Isolation requirement between
b—-quarks and photons and between

any of the b-quark and any of the

phonon.
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2
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\_

/~ HL-LHC conditions

Analysis accounts for mis-tagging b-quark jets (conservative
estimates)

Assumes differentfphoton mistag probabilities in the barrel end
e

endcap and imperfect photon momentum reconstruction
Does not realistically describe pile-up conditions (optimistic)

Energy scale correction for jets applied with 100% accuracy

~

J
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ATL-PHYS-PUB-2014-019

Feasibility studies for the HL-LHC

» After event selection, expected event

yields in total (barrel, end-cap): * Sensitivity to the SM Higgs pair production is
* background events: ~l40
47+ 3.5(29 +2.7, 18 £2.3) e Constraint on k,€[-1.3, 8] at 95% CL

* SM signal events:
8.4+0.1(6.7£0.1,1.8 +0.1)



It is unlikely to observe SM Higgs pair production
currently at the LHC.

On the other hand, Higgs pair production cross-
section can be enhanced by beyond SM (BSM)

physics...



Enhancement through of an
unknown heavy particle decaying into two Higgs

bosons
OO ---h 500" -h 55T _-h
\ A>--”4: A>.-4:
9290/ ---h 900/ S h 099 “h
(©)

(a) (b)

Heavy H can be a part of:

* Higgs singlet model,

* Minimal Supersymmetric Standard Model,
 Two Higgs Doublet Model,

e aspin-2 Kaluza-Klein graviton,



Enhancement through
modification of Higgs and di-Higgs couplings

AT ——-h TTO _.h N _-h
>3” ¢ ¢
A 4 - ‘/O\

“Sop 900 “.h

2920/ ---h 000/

Heavy unobservable particles, whose effects at low energies can be parametrised by
effective theories, such as:

* Higgs compositeness models (SILH)
* Non-explicit models parametrised with Effective Field Theory Operators



Combination of Runl measurements

« Eqy=8TeV

* Luminosity 20.3 fb!

* 4 channels combined: nh —  bbrr, yyWW*, yybb, bbbb

Phys. Rev. D 92 (2015) 092004

hh Nonresonant search Resonant search
final state Categories Discriminant Categories  Discriminant  mp [GeV]
~vbb 1 My 1 event yields 260-500
yyW W™ 1 event yields 1 event yields 260-500
bbTT 4 Moy 4 Mpbrr 260-1000
bbbb 1 event yields 1 Mbbbh 5001500

* Expected limits on the cross-section 102 x SM

Magdalena Stawinska, Biataséwka 8/12/2023
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092004

Phys. Rev. D 92 (2015) 092004

Results of resonant searches

Observed and expected upper limits on the cross-section

e hh—bbrt, and, hh— yybb

° ° | | 2 =T T T I 1T T 1 T 1 T 1 1T 1 1 1T 1 1 1T T 1 1T T 1T —]
most sensitive at small g T .
masses of the BSM scalar = - ATLAS \s=8TeV,20.31b .

. . = .. —o— Observed e bbtt exp
e hh— bbbb most sensitive at I tog T Eected  oen W exe
large resonance masses o . 1o expected —— bbyyexp -
% 1 — + 20 expected — — bbbb exp —~
* The largest excess of events 8 I
is at mx=300GeV and has ° oL _:
local significance of 2.50. - -
This 1s due to an excess B i
observed 1n hh— yybb. 102 | | | | | | =

300 400 500 600 700 800 900 1000
m,, [GeV]


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092004

ATLAS-CONF-2016-004

Searching for Higgs pairs production in early Run 2 data,
H—> bb, H=2> vy

/]
/mbEW\‘W
Luminosity 3.2 fb™! -

Eey = 13 TeV

Signal selection using invariant masses
* 105<m,, <160 GeV and i

* 95<m,, <135 GeV.
e 2 b-tagged jets and 2 photons

B
2my, sbbyy m bbyy

e An upper limit of 3.9 pb ((5.4 pb) on the cross-

Background estimated from sideband fits section for non-resonant production is observed
to m,, and myy,, (expected) at the 95% confidence level

* In the search for a narrow X—->hh resonance, my
in range 275-400 GeV the observed limit ranges

Process 0-tag 2-tag
Continuum background 35.8+2.1 1.63 +0.30

SM single-Higgs 18415 014 +0.05 between 7.0 pb and 4.0 pb (the expected limit
SM di-Higgs <0.001  0.027 +0.006 varies between 7.5 pb and 4.4 pb)
Observed 27 0

* NO excess of events in this dataset

Magdalena Stawinska, Biataséwka 8/12/2023 26



Physics Letters B 800 (2020) 135103

Run 2 searches of Higgs pair production

* Increase in expected event yields ATLAS —e— Observed

: Y [ (s=18Tev, 275-36.1 " T osses T
due to luminosity increase of ol op e HH) =535 ey
cross-section with energy - Obs. Exp. Exp.stat |

. . . . — bbr*t . 125 15 12
* Six final state investigated e |

HH—> bbbb i 129 21 18
* Search for SM, and BSM non- et | 03 26 26 |
resonant and resonant di-Higgs ... . wwwl| | + w0 10 7|
production HH— WWyy | | . + 230 170 160
HH— bbW*W’ | | } 305 305 240 |

Combined + . 69 10 8.8
10 10° 10° 10° 10°

(pp — HH) normalised to o>

95% CL upper limiton o . ooF



6,4 (PP —> HH) [pb]

Run 2 limits on k,

10 Froprrrrprrr T T T T T | | TTT | TTTT | TTTT | TTTT | T I_
. : J |7~ " Exp. 95% CL limits
L 1 ]
- : 4 | = Obs. 95% CL limits
e S T : _
--------- i — bbbb
1 —_ -
. ] |7 bbr
- 1 |~ bbyy
"~ Allowed , interval 1
10118t 95% CL B Comb.
- Obs. - Exp. ] . Comb. +1o (exp.)
C ( Xp. Stat.) ATLAS 4
[ -50-120 | -5.8-12.0 ! (s =13 TeV T Comb. +2c (exp.)
B -53-11.5 4]
» | | f | )I : | 27'|5 - 36'|1 fb | = Theory prediction
10°" 250 45 10 -5 0 5 10 15 20
K

A

Exclusion for k; already similar to HL-LHC prospects!

Physics Letters B 800 (2020) 135103

(Three most sensitive channels\

selected for i, studies:
hh—bbrtt, yybb, bbbb

* Sensitivity to «, comes from
shapes of discriminating
variables and signal acceptance

* Allowed K, interval at 95% CL
from the combination:

[-5.0, +12.1] (expected) and
[-5.8, 12.0] (observed)

/

Magdalena Stawinska, Biataséwka 8/12/2023
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h > WW*



Physics Letters B 789 (2019) 508-529

Measurements of gluon fusion and vector-boson fusion Higgs

boson production cross-sections

-

e Events are classified into one of
three processes based on the
number of jets:

* gluon fusion Higgs production
(ggf)

* gluon fusion with additional jet
(ggf+1j)

* vector boson fusion Higgs

K production (VBF)

~

/

Events

180

160}

140
120

100
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QCD versus electroweak Higgs production

W qi
>DH <
g QQQQQ W @

* VBF features energetic in a forward region in
the detector but in opposite directions

* large rapidity separation 4n;
* large invariant di-jet mass m;

* little hadronic activity in the rapidity region

(a) geF production (b) VBF production between them — central jet veto (CJV)
j
/ Central jet veto
j |
VBF: In the leading order no color flow between the \
forward jets
ggf: Beyond LO, ggf+1j, ggf+2j with jets emitted also

* |leptons have intermediate rapidities — outside
in the central region lepton veto (OLV) j

Oyyt...
j sige

lepton

Magdalena Stawinska, Biataséwka 8/12/2023 eto 31



h-> WW?* = ev uv final state

/The Higgs boson mass cannot be \
reconstructed due to undetectable

neutrinos

* We reconstruct transverse mass instead,
using energy and momentum of the
lepton pair as well as momentum

imbalance in the plane transverse to the
beam axis

* Spin correlations between
leptons and neutrinos due to

/ massless neutrinos and spin-0

wggs boson /

_ _. 2
mr = \/(E%E + E_li_mss)2 _ ‘p%e + E_rl_mss

\_
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m- distribution in Machine Learning techniques
gof and ggf+1] adopted in VBF

Events with up to 1 jet combined in one signal region Four signal regions ranked by sensitivity to signal

2000 T L L L T 1T T 1T LU T 1T L T 1T T

g ! ! ! ! ! -¢-l Da'taI N IUncer‘lainty ! c , I I I . : :
1800 . = B :

o ATLAS I H g B Hyer O 2500 __A TLAS —+4- Data &\\ Uncertainty

— 1600F H-WW+*—evuv, Nt <1[_] tt/wt [l ww . ; B WH W~

g 14003_ (s =13 TeV, 36.1fb™ B zy [ Mis-d e - H->WW*—>evuv, Njt =2 VBF _VeF 9gF

3 | | S 2000 . Cttwt Iww

1] 1200: LI>J Vs=13TeV, 36.1 b -Z/]/* DMiS-|d
1000F B vV
800} 1500

OONNNNNNASIANANANNNNN N

—
(o)
o

600}
4001
200}

300

1000

IIIIIIIIIII}I

Events/bin

500

Data-Bkg.

200

100

[-1,0.26] [0.26,0.61] [0.61,0.86] [0.86,1.0]

BDT score

0

IIIII IIIIIIIlIIIIIIIl IIIIIIIIII ) 1
60 80 100 120 140 160 180 200 220 240
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Cross-sections measurements

* Measured cross-section times
branching fractions are:

OgoF - BH>ww*

= 11.41]-%(stat.)*] % (theo syst.)* 1’3 (exp syst.) pb

=11.475% pb

OVBF - BH—>ww*
= 0.5019-2 (stat.) £ 0.10(theo syst.) 013
_ 0 50+0:29
= 0.50" ;55 pb.

Over * Bu-ww* [pb]

(exp syst.) pb

* Measured values are consistent with

SM predictions.

—0.5

2.0

151
1.0}
0.5}

0.0}
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[ — 68%CL ATLAS
— 95% CL s=13TeV,36.1fb =
% Best fit ]
+ SM
—5. (l). é M .110. 2 2 .115. PR .ZIO. 22 .25

oggF ' BH—)WW* [pb]
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VBF H> WW?* is a part of W W, scattering
W W W o W W W WWW ”
SR T T T
It can test unitarity of the SM elektroweak symmetry breaking

Magdalena Stawinska, Biataséwka 8/12/2023
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* The Higgs mechanism introduces masses of gauge bosons and their longitudinal polarisations

1 Vs
H=—(0,1,+:,0), ef =
€L (0, i,0), ef oMy

V2

* As a consequence W, W, scattering amplitude diverges with center of mass energy O(s?)

e

(3,0,0,1)

Magdalena Stawinska, Biataséwka 8/12/2023
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* The Higgs mechanism introduces masses of gauge bosons and their longitudinal polarisations

1 : Vs
et = —(0,1,44,0), ef = oMy (8,0,0,1)

V2

* As a consequence W, W, scattering amplitude diverges with center of mass energy O(s?)

il e
v/Z + +

Magdalena Stawinska, Biataséwka 8/12/2023



* The Higgs mechanism introduces masses of gauge bosons and their longitudinal polarisations

j | , s
et = —(0,1,44,0), ef = oM (8,0,0,1)

V2

* As a consequence W, W, scattering amplitude diverges with center of mass energy O(s?)

subtracted by Higgs diagrams if g,,=8y myy
(gauge invariance requirement)

Magdalena Stawinska, Biataséwka 8/12/2023 38



VBF H=> WW* is a part of W W, scattering

w W w W W w W %4 W %4
v/Z T g HO
v/Z + + + ffoj\’\ + --
w W w w W w W %1% W %4

10% — . . - . '

Deviation of gyw=gy myy results in non-unitarity of the SM: 10° :
At large energies cross-section is infinite! )
=
S
B 10° :
w
7
o
(O]
101 0.9 e
\A
100 1 L 1 ] 1
200 400 600 1000 2000 3000 5000
Vsyw (GeV)
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How to probe W W, scattering at smaller energies?

Without a Polarizing Filter With a Polarizing Filter

https://www.cambridgeincolour.com/tutorials/polarizing-filters.htm

» See also public briefing: https://atlas.cern/updates/briefing/refining-picture-higgs-boson
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How to probe W W, scattering at smaller energies?

Without Polarizer With Polarizer

https://www.cambridgeincolour.com/tutorials/polarizing-filters.htm

* See also public briefing: https://atlas.cern/updates/briefing/refining-picture-higgs-boson
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BSM parametrisation ) o

1%
v .
Anomalous couplings parametrised with V=W, Z 14 <

3,=8uvivi/Buww and ar=Buyrvi/Brwv 42 \

and defined in the Higgs rest frame so that only HV V_ and HV;V; are present. In the SM a = a=1.
following Phys.Rev. D90 (5) (2014) 054023 (2014),arXiv:1404.5951

cross-section [fb]

ey
‘e
60 S
- L] 8
30 &
12
8
[ ] =
50| g
. 25
— [ ]
40—
- L ]
C C'B_ 20
- aT=1 °
30— . 15
C °
20— N
- - ° s ° 10
C a|_—1 ® e e o ° o ¢
[ ]
o—® ® e e o o e o o 9 +
C ° 5
— ° ° [ ] L4
I o © ,,
o2 % 1 . R R R SR 707 0.8 0.9 . T 15 13
0.6 0.8 1 1.2 14 : : : : .
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Kinematical e

‘ects of coupling modifications

Distribution of signed Ag;;
sensitive to coupling modifications

[ A@; = i —@p if njL >N, and @ =@ —@) otherwise]

S o[ LTI T T T T T T ]
£ <YL ATLAS Simulation
£ | (s=13TeV, 36.1 fb
S ool VBF H — WW* — evuv N
W [ —a =10a=10(SM) ]
i ----aL=1.2,aT=1.O ---aL=1.0,ar=1.8 ]
15~ B
» Total rates oygr X Br(h->WW sensitive to a, 100 e .
[T e TNt
because VBF is dominated by longitudinal -
: : . 5 : .
W scattering at high energies. —
* Signed Ag; is sensitive to (a, - a,). e Y iy

/ 0 T |2;n:
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Results

Type Expected Observed
at shape-only fit (ar. = 1) 1.0+ 0.5(stat.)* 93 (syst.)  1.3%98 (stat.)*93 (syst.)
ap shape + rate fit (ar = 1) 1.007% P (stat.)*0 0 (syst.)  0.90*0,% (stat.)*$8 (syst.)
ar shape + rate fit (ap = 1) 1.mt%‘_ig(stat.)t%_lz%(syst.) 1.19t%'.§72(stat.)‘:%'_lli(syst.)

ay, shape + rate fit (at profiled) 1.00t%‘.(i%(stat.)t%ﬂg(syst.) 0.91t%'.ll?g(stat.)t%ﬂ%(syst.)

ar shape + rate fit (ar profiled) ~ 1.0"9%(stat.)*92(syst.) 1.2 +0.4(stat.)*% 23 (syst.)

Measured values of a;, a7 are consistent with SM

> weights / bin

Data / pred.

Eur. Phys. J. C 82 (2022)

10 UL LA UL L UL | [ [ T [ [ [
ATLAS
Vs=13 TeV, 36.1 fb’

8— H— WW* > evuv

VBF SR

\{II|III|III|

—&— Observed

7/ Total unc.
B VvBF

B oo

B Other Higgs
B W+ jets
B Z +jets
[ Diboson
[ ]t wt

T

Ad;

The weighted AQ;; distribution in the signal region,
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Conclusions and outlook

* Discovery of the Higgs boson opened up new direction to study th
mechanism of electroweak symmetry breaking

* Challenging measurement of Higgs self coupling is being improved

* First measurements of Higgs couplings to longitudinally and
transversally polarised electroweak bosons complete.

* Combinations of various final states as well as Higgs and electroweak
processes are vital in maximising research potential of the LHC
experiments and future colliders.
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Predictions for Higgs pairs production
through gluon fusion

---h TTE -h
} A>-"-.:
-—-h 000 \‘h

my, = 125 GeV onnLL(fb)  Scale Unc. (%) PDF Unc. (%) «, Unc. (%)

Vs =TTeV 7.078 +4.0 - 5.7 +3.4 +2.8
Vs =8TeV 10.16 +4.1 —5.7 +3.1 +2.6
Vs =13 TeV 33.53 +4.3 - 6.0 +2.1 +2.3

3
Q’ Vs =14TeV 39.64 +4.4 — 6.0 +2.1 +2.2

LHCHXSWG YR4, arXiv:1610.07922v?2,
based on: arXiv:1505.07122, arXiv:1604.06447
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95% CL limit on o(pp— X™"° — HH) (fb)

Run 1 summary: ATLAS and CMS

17.9-20.3 fo' (8 TeV)

I I I I I | I I
10° & LHCHXSWG , N E—
E Assumes SM Higgs BR ATLAS: yybb, yyYWW, ttbb, and bbbb E
L and narrow width for X = CMS: yybb _
= ———— CMS: bbbb 3
10° g 250 3
- — Observed 1
B --Expected , ,
102 — Slawinska et al, Handbook of LHC Higgs
= o Cross Sections: 4. Deciphering the
B | Nature of the Higgs Sector
10 = =
- | | | | | | | | | | =

spln O(GeV

N
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Phys. Rev. D 101, 075023 (2020)

SM as an effective field theory

VAR RN/

Landau-Ginzburg Higgs Nambu-Goldstone Higgs Coleman-Weinberg Higgs Tadpole-Induced Higgs

(—m?H'H + A(H'H)? + <5 (HH)?, Elementary Higgs =~ SM+SMEFT
—asin®>(VH'H/f) + bsin*(VH'H/f), Nambu-Goldstone Higgs

Vi) = .
() AMH'H)? + ¢(H H)? log%, Coleman-Weinberg Higgs
| -<*VH'H + m*H'H, Tadpole-induced Higgs

(a) the potential of an elementary scalar Higgs boson, in which the Higgs boson, whose negative mass
parameter thus triggers EWSB.

(b) the potential of a pseudo-Nambu-Goldstone Higgs boson emerging from BSM strong dynamics at a high
energy scale.

(c) describes Coleman-Weinberg Higgs boson, with EWSB resulting from renormalization group running
effects

. . . Magdalena Sfawinska, Biataséwka 8/12/2023 51
(d) a tadpole-induced Higgs and its mass parameter 1s positive.



Methodology

* Signal modifications sensitive to

* Signal signature: two (forward) jets, the distribution of signed Ag;
two different flavor opposite sign between jets in the plane

leptons, no b-quarks perpendicular to the beam axis
* Main backgrounds:
* double and single top,
e Z+2jets,
« WW
e other dibosons

* Signal optimisation: several signal
categories, separately for each

analysis, using BDTs [Agojj = i1 —Pp If N >N, and @ =@;; —P; otherwise]
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Coupling modifiers and dim-6 EFT operators

53

- o2 4 2F )

ES‘M— , (Dy¢)D¢ a,T=1+,U2¢+F¢Wq1'QZ7

g FW Uz v
Low =— 4¢ (¢T¢ = 5) tr [W,, W*] 4 — 14 v'F, s 410
\ L 2 ¢WQ1 " Qo .)
’U2 t
Eqb = Fyp (¢T¢ . 5) ((Duﬁb) Dufﬁ) -

e N

Mapping between (a; and a) and EFT operators momentum dependent. EFT kinematics can be reproduced fitting a, and
ar (see 1404.5951)

Independent variations in (a, and as) not possible in the dimension-6 set of EFT operators

\
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I\/Iappmg to Pseudo-Observables Eur. Phys. J. C75 (2015) 128, arXiv:1412.6038 [hep-ph]

Signal paraletrised using (a;, at) couplings scale factors is not Lorentz invariant.

Approximate(*) mapping to Pseudo Observables:

4 N
ar =kyv +Ar(q1,q2)evv, ar =«kvy +Ar(q1,q2)evy.
ar — aj,
kyv =aL — AL(q1,92)evw, Evy = A
1(q1,92) — AL(q1, 92)
\_ W,
My 4414 my My~ 41— 9
h AL=22 2 2 N AT=22 2 '
where my, my(my, — q7 — g5 my, miyy

From MG5 simulation the mean values of formfactors for incoming bosons (generator level cuts) are:

m,>

2my

A(ay, 92) =0 and  4+(qy, g3)=2

2

Kw=a, &w=0.5(ar—ay),

In the SM: on-shell coupling k= 1, off-shell coupling &, =0
Magdalena Stawinska, Biatasowka 8/12/2023 54

(*) assuming custodial symmetry, no new physics in the boson—fermion couplings Wff and Zff , and a CP-even Higgs boson with CP-conserving HVV interactions.



Results

Type Expected Observed
gyy shape-only fit (kyy = 1) O.OOt%'.2235(stat.)t%‘.11‘;(syst.) 0.14t%'.?,_%(stat.)t%‘.llg(syst.)
kyy shape + rate fit (syy =0)  1.00738(stat.) "0 B (syst.)  0.9175% (stat.) TP (syst.)
eyy shape +rate fit (kyy = 1)  0.00%018(stat.)*O08 (syst.)  0.0979-13(stat.)*900 (syst.)
kyy shape + rate fit (eyy profiled) l.OOi%'_(i%(stat.)t%'_(ig (syst.) 0.91i%'-ll%(stat.)i%ﬂ%(syst.)
gyy shape + rate fit (kyy profiled) 0.00t%"%i(stat.)t%'_llls(syst.) O.13i%'_%%(stat.)i%'ﬂ%(syst.)
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