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The Need for Electroweak Symmetry-Breaking Theory et Lgan

Starting point: The SM Lagrangian and invariance under SU(3)XSU(2),xU(1)y.

* Introduced to ensure gauge invariance * Encodes fermion kinetics, boson-fermion
under SU(3)¢XSU(2), xU(D)y interactions
* Encodes gauge boson dynamics e Massterm mypyp = mPry; + Y Pp) not
e Mass term %mZBMB“ not gauge gauge invariant = forbidden.
invariant = forbidden.

* Mass terms for bosons and fermions are forbidden by gauge invariance!
» Time for the Higgs piece...
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The Higgs Piece

Theory ref: [Logan]

How to save this picture? = Add a complex scalar field:

Relevant term in
the Lagrangian:

_|_
o- (¥

)ZL(¢1+Z¢2
V2 \ @3+ 19y

Four degrees of freedom

)

2
LHiggs = |Z),uq)| - V((I)) + Lyukawa

=

Dy

Interaction between Higgs
and gauge bosons

(aﬂ —ig, G4 —igW TP — ig’BﬂY)

Higgs potential 2
leads to Electroweak
Symmetry Breaking

(EWSB)

\

Interaction between Higgs
and fermions
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The Higgs Potential

Theory ref: [Logan]

Shape depends on the signs of 1 and A:

V(@) = (-2 |0 + 2|0f')

e /1 > 0:Depends on sign of u \‘

—u?>0

Projection onto one
field of the ® doublet:

¢:<¢+>:L(¢1+i¢2
¢° V2 \ @3 +igy

)

Vi)

A < 0: Potential is unbounded from below, no stable state of lowest energy

—u? <0

ie
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Symmetry Breaking

Theory ref: [Logan]

Let’s examine the —u? < 0 case more closely: —u? <0

2

-
24~ V2
In 2D: Ring of degenerate minima
In 4D: Hypersphere of degenerate M

e Under SU(2);xU(1)y gauge
transformations: vacuum state rotates into a

vector of the same length but pointing in a

* Minimum (vacuum state) at || =

different direction = not invariant!
\&\
S
. . R
- Choosing one minimum energy state / Slo)
spontaneously breaks electroweak symmetry. Projection onto one field g — ( qb;r ) _ 1 (
of the ® doublet: ¢ V2

V(0)

1+ i
¢3 + iy

)
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Consequences of EWSB heory et Logan

_ o 1 0 (Usual form in the “unitary
Expand the @ field around the minimum: D =— , — gauge” = minimizes scalar
V2 [h+v degrees of freedom)
Insert back into the Lagrangian: LHiggs = |Z),,CI>|2 — V(D) + Lyukawa
Consequences:

1. Physical gauge bosons with masses and couplings to h

2.2 2 2 2 2\, .2 2 2 2 2
Lo 9 ww—r 1 9w+ w—+ + L ppwrwr, L>O MZMZ“ + MhZMZ“ Loty )thuZ“.
4 iz 9 jz 4 @ 8 4 8
Wit 7,
2.2 2 12\, .2
2 _ gV M3 2 _ (9" +g")” 2 1 g M2
MW = A h—-=-=-=---- = Z%guu = 2Z_ng/ MZ o 4 h-=-=-=---- = Z(g 4g )U 2glﬂ/ - 2i_gHV
W, Zy
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Consequences of EWSB heory et Logan

0
h+v

Expand the @ field around the minimum: d = 1

V2

(Usual form in the “unitary
— gauge” 2 minimizes scalar
degrees of freedom)

Insert back into the Lagrangian: Lhiiggs = |Du®[” = V(®) + Lyukawa

Consequences:
2. Fermion masses and couplings to h

v+ h _ v+ h - v+ h _
ULUR — Yd drdr — ye erer+(h.c.)
V2

V2 V2

LD ~Yu

3
I

53
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Consequences of EWSB heory et Logan

_ o 1 0 (Usual form in the “unitar
Expand the @ field around the minimum: D =— , — gauge” = minimizes sca/);;r
V2 [h+v degrees of freedom)
Insert back into the Lagrangian: LHiggs = |Z),,CI>|2 — V(D) + Lyukawa
Consequences:

3. Higgs boson (h) mass and self-couplings

by
Lo —\?h? — \h? — Zh4 + const.

Y, 2 N D) . m?
my = V2402 | h--==--- ¢ — i3l = —6ilv = _3@'% A = —iT -4l = —6ir = —3i— ]
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The End!

.. Orisit?

EWSB is a crucial piece of the SM....
but is it the right piece?

The rest of this lecture: How we can try to answer
that question at the Large Hadron Collider (LHC).

1. The Higgs boson’s couplings
2. The shape of the Higgs potential

3. Diboson processes
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1. Higgs Boson Couplings



Higgs Boson Couplings

W+
7]
_ . measured
e The couplings of the Higgs boson to other
particles after EWSB are uniquely predicted: ———
2 M2
h ======- = iﬂg v = 2i—Wg v
2 v
* How can we confirm that the prediction lines up /‘
with the reality? measured
W,

* At the LHC: Can’t directly access the couplings. Instead use them to calculate production
cross-sections times branching ratios of the Higgs boson:

Zero-width [(H > f)

approximation: c(i-H->f)=0c(—->H): . =o(i > H) - BR(H
production and T H

decay factorize. Coupling of particlei to H \

Couplings of H to all particles

Coupling of particle f to H
__—~Coupling of p f

> f)

Masses of each
particle also enter
the calculation.
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Higgs Boson Production and Decay at the LHC

Figures from here

Production modes at the LHC:

Gluon fusion (ggF) (87%)
* Higgs coupling to
heavy quarks

Vector boson

fusion (VBF) (7%)

* Higgs
coupling to W
and Z bosons

Vector boson

associated

production (VH)

(4%)

* Higgs coupling to
W and Z bosons

Top- and bottom-associated
production, single-top production

Higgs coupling to t and b quarks

Experimentally: some trade-off between statistics (ggF) and “clean” signatures (VBF, VH).
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Higgs Boson Production and Decay at the LHC

Figures from here

Decay modes at the LHC:

WW (22%), ZZ (3%)

e Usually use leptonic
decays for clean signature
and mass reconstruction

vy (0.2%), Zy (0.2%)
* Extremely clean at
the expense of

tiny BR

b/c T/l
H ===——- H ====e-
b/c T/U
bb (58%), cC (3%) 7T (6%), pp (0.02%)
* Large backgrounds, e Only leptonic
rely on b- and c- decays currently
tagging. accessible.

* Experimentally: Same trade-off as with production: largest decay mode (bb ) has substantial hadronic background,
smaller ones (yy, VV with leptonic decays) have smaller backgrounds and better mass resolution.
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Measuring Higgs Production

* In practice, at the LHC: count number of events, sincen(i > H » f) = o(i > H) - BR(H - f) - L™
o Apply selections designed to target a specific Higgs boson production and decay process

o Subtract background (non-Higgs events)
o Count number of remaining events and compare to prediction.

e Results: Measurements made in multiple production modes and decay channels in LHC Run 2.

ATLAS Run 2 e Data (Total uncertainty) Syst. uncertainty I sM prediction
T T T 1 T T 1 _|5 (I) ? 1|0 T T 1 -
tH i =
. I'%'l Hl_g_| N N >
tiH Hy HH 2
35
ggF+bbH B ¢ . s p-value
HH b $ Lo i (compatibility
VBF ~ a
S with SM): 72%
WH i A - e S
H#&— 2
ZH m &z —&— o
I I L1 I I L1 I I I L1
0 1 2 1 2 3 4 0 1 2 1 2 3 0 1 2 0 1 2 3 4
bb ww TT ZZ 144 HU

6 x B normalized to SM prediction
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Getting Closer to Couplings

Limitation: Measurements of cross-sections times branching ratio can’t disentangle deviations in production
from deviations in decay.

n(i>H- f)=0( > H) -BR(H - f) - L' — > Affected by i-H and f-H couplings.

Access couplings more directly with the Kappa framework:

K; parametrizes deviations in
C(H-f) _ KiKj SM(; S H) - rsMysy)  coupling of Higgs to particle j:

o(i>H)-BRMH > f) =o(i->H) - —-==50 0 riM I S S
J 7 SM J T SM
o Fj
: : /b

Exploit multiple Wz b/c
decay/production Kw/z
combinations to H eweee- H Hessee= Ke/b
constrain kappas:

W/z t/b b/c
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Measurements of Couplings

Results:

Predicted scaling of couplings with mass holds well: Couplings consistent with SM, but decays to invisible

particles still poorly-constrained (SM: 0.1%):

""l""l """" |""|""|""l""l""l""l
>q>) _|||||ATL|Aé |R| |||5 T T T T TTTT T T T T TTTT T ] KZ :T.".'_|
g un L 4
So1E - Ky 4ie— ATLASRun2
E ! Ke =K E -
© ~ 4 k,is afree parameter 7] Kt S e U
ELL g 107 SM prediction 3 B ° <
> = =
- : Kp| - Eﬂ
B ] B Force carriers H/ggs boson |
02 2 o == i
= Leptons Quarks = -
C — K o)
- E Vel Ve || U e ] I e I EEEEEEEEE
0l R el e
= 3 Kgq g gy
- - Bmv free, B, 20, x,, <1
P Force carriers Higgs boson ] - SM prediction —
1074 &= cl E- - — Ky i Parameter value not allowed
:I 1 III 1 1 11 IIII 1 1 111 IIII 1 1 111 IIII = B N
> 1 4 TTT || T T T TT || T T T T TTT || T T T T TTT || ] KZ o, =_ __________ B
~ C : A R T R R
5 1oF E 0.8 1 12 14 16
W C ] 68% CL interval
« F 4 . ;]
1 o g B [ [
B i i i ] inv. [T T T T 1
0'8—_|||||“ L vl Lol Lol L Bu ________________________ q
1 2 B L L N
10 1 10 10 0 0.05 0.1 0.15 0.2
Particle mass [GeV] 95% CL limit
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Resolving an Ambiguity

There is an ambiguity that affects couplings measurements:

2 .2
OisHof  KiKf

- 2\ /TSM ' SM oM
oM ro a0/ Oi5H Iy

—> Deviations in the Higgs width and couplings could cancel!

Requires assumptions in kappa framework, or a direct measurement of the Higgs width.

I <
Tricky: SM w S e g 9(GeV) resolution
prediction of : from mass
Higgs width is S measurements
only 4 MeV! due to detector
: resolution.
et - Not sufficient.
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Measuring the Higgs Width

Solution 1: Exploit H = VV decays:

arXiv:1503.01060

—
<

T T TTTIT

T I T 1 1 I T T 1 l J T T I Ll 1

ATLAS Simulation {s=8TeV
gg —» ZZ — 2e2p

- i gg— H* - ZZ (S)
5 r'm'ﬂ. * 99— ZZ(B)
HE

J

L1l

1. Large enhancement of the offshell H* — VV cross-section for
myy ~ 2my—> Offshell cross-section should be measurable.

\»

s, — = gg- (H">)2Z

.H.h: . T () 22, =10)

do/dm,, [fb/GeV]
o

—
Q
w

2. Formyy » 2my, the Higgs cross-section is

.
u’p !
lllll 1 111 lll 111 lllll 11 l]llll

independent of the width: Jo4ll .,
Ty i S 10°}
offshell, SM ~— Ki Kf O_onshell, SM T /FSM i b
(>H=f L>H=f HioH 10°"=300 400 600 800 1000
m,, [GeV]

my, distribution for gg - (H*) » ZZ,
showing enhancement nearmy,; = 2my,.

offshell

Combining offshell and onshell Oisg>f g
measurements constrains the width! Ui()_r)lsll)e}l o rgM
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Measuring the Higgs Width

arXiv:1208.1533
rfrrrryrrrrrrrrrprrrr o1

Solution 2: Exploit H — yy interference:

-y

o

lllllll-
|

1. Thegg —» H - yy and gg — yy processes interfere, which <

has the effect of shifting the mass distribution slightly. 8 :
\ 8 2.0F :

= f

2. The size of the shift can be measured using its p¥ % -
dependence or comparison with H = ZZ mass E 1.0F E

measurement.

0.0 \\

v by by by by by ]
110 115 120 125 130 135 140

3. The shift depends on the Hgg and Hyy effective

couplings = can measure those. M [GeV]
T
. Higgs mass peak without (red) and with
Width can be extracted from o F (blue) the interference contribution.
this independent measurement 2,2 99>H2yy _ H
KoK
fth I _ gy O.SM FSM
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2. Shape of the Higgs Potential



Back to the Higgs Potential

V(@) = (-2 |0+ |ol)

The parameter / is important in determining whether EWSB can occur:

A < 0: Potential is unbounded from below, no stable state of lowest energy
* 1 > 0: Depending on sign of i, can get EWSB.

Vett
Veff Veff v

——/— L)

. Metastable: can tunnel to Unstable: potential
Stable: no other minimum o
other minimum unbounded from below.

CI8S TOET AIX e
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Back to the Higgs Potential

Another reason A is exciting: Its energy evolution determines the stability of the universe.

arXiv:1205.6497

00y~ T T T T
0.08 F M, = 125 GeV )
Sensitive 30 bands in
dependence on Higgs 2 o006l M, =173.1£0.7GeV
and top masses. ’fo ' a(Mz) = 0.1184 + 0.0007 (outdated top mass values:
2 ool latest from CMS, ATLAS)
Higgs mass too light, g '
top mass too heavy: £ oof ] )
A can become & \ . >
negative before the gﬂ 0.00 - :_“\i: 1710GeV | g
Planck mass. = : L (My) = 0.1205 - - \ New physics must ;
-0.02 I :g_i(M'z‘)'z' 01163 " ] enter to stabilize >
Z M, =1753GeV | the potential.
0045 \ v 4 v 4oy oy
102 104 10° 10%® 10 10'2 10 10'6 10'¢ 10%
RGE scale y in GeV
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Probing A

We can calculate the SM prediction for A using v and my:

mlzi/ Measured directly

1=
2
205 Measured from muon decay

The parameter A controls the strength of the Higgs self-coupling.
- We can measure it by studying di-Higgs production.

2

— i -3l = —6ir = —3ih
v
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Probing A

At the LHC, we measure di-Higgs production via the ggf and VBF production modes:

9 0009990009999

\

ggF: A H.

g 0009990009999

VBF:

Experimentally:

* Tricky: small cross-section, destructive interference between box and triangle diagrams = production is three
orders of magnitude smaller than for single-Higgs.

* Focus on bb decay of one Higgs, and bb (best stats), yy, WW, tt (cleaner) decay of the other.
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Constraints on A

* Can combine with single-Higgs measurements (A couplings enter at higher order) for constraints:

< 1 0 I I I I I I I I I I I I I I I I I I I I ] < 1 0 i I I I I I I I I I I I I I I I I I I I ]
£ s ATLAS » = H Kj only 4 £ s ATLAS » — H K only . >
N | Vs =13TeV, 126—139 b HH 1 onl 1 | Vs=13TeV, 126—139 b HH K onl | =
| 8} Observed A ony —{ | 8 Expected SM A ony — &
B = HH + H K, only ] B = HH + H K, only ] o
: HH + H K, only: HH + H K, generic : : HH + H &, only: HH + H K, generic : 03
6 95%: K € [-0.4,6.3] _ 6 95%: K € [-1.9,7.6] _ o
- HH + H K generic: — HH + H K generic: — a
- 95%: K € [-1.4,6.1] 1 95%: Kj € [-2.2,7.7] . i
4\ N\ 95% — /Y o | WY / A A 95% — %
i | i | 9
: 1 1
2 - 2 4 5
i 68% | I 68% | =
/1 o NN\ S 0O ] . N W 7 SN . < o R S
KA - [ | 1 1 1 i [ 1 1 1 i
Asm 05 0 5 10 15 075 0 5 10 15
K K
A (SM : KA:]. ) A
Measured: —0.4 < k; < 6.3 at 95% C.L.

—1.4 < k) < 6.1 at 95% C.L. if other Higgs couplings are allowed to be non-SM.

Prospects: 50% precision at HL-LHC.

25
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3. Diboson Scattering Processes



Connection to EWSB and the Higgs Boson

Higgs boson and diboson processes are closely connected via the vector boson longitudinal polarization modes.

Recall that after EWSB, we “gauged away” three scalar components of the Higgs field:

o ( ot ) 1 ( b1 + ido ) EWSB, choice of gauge 1 0
B qu B \/5 §b3 =+ i¢4 g - @ h+v
4 degrees of freedom 1 degree of freedom

These three degrees of freedom went on to become the longitudinal polarizations of the W, W~ and Z bosons.

| | 1
u . i u .
e =—(0,1,-4,0); : & =—(p;,0,0,F) : & =———=(0,1,i,0
........... <> L 9.) AR IR "
S, =—1 S; = S;=+1 %
transverse longitudinal transverse
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Unitarity Violation

Another connection: The Higgs boson and longitudinal polarization modes of the vector bosons are

related via unitarity.

Unitarity: no process must occur with probability greater than 1 over all time.
- Equivalent to the requirement that a cross-section cannot rise infinitely with energy.

Longitudinal diboson scattering violates unitarity without the Higgs boson:

w+ w+ w+ w+ W+ w+
4
Top row: M ~s v.Z
w- w W w- w wW-
Bottom row: cancels the W W W AANNANANNN, W
energy-dependence so u :’
_ "

that M ~flat in high-
:

energy limit.
w R AV VAVAVAVAVAVAV A%

sweJgdeiq

28
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Unitarity Violation

This is one of the reasons that a Higgs boson had to

However, this picture depends strongly on

exist below ~1 TeV. couplings: <
e The H-V couplings on- and off- mass shell E
" - e The triple and quartic gauge boson couplings &
WW" — w'w WSWS — WW.T with modified Higgs couplings
3 103# [ T III | I I I T I[_+E /_-8\. 103__\ T T T T T T T T T 71T |__
o - ] — 8 N 1
‘; n m<1.5 . © n<1.5 o
LW W 4+ We W, W, W, no Higgs ]
2| \ | i
10 - W  WW M=1 Tev E |
10 L W, W, M,=500-GeV u i
E E N WTJerJr
1L W, W, M,=120 GeV | N 1 Mot o0 |
C | | | | I S I | 1 L1 10 1N L N
10° 10° 10* 200 10 oy
Ecu (GeV)
— Diboson scattering processes probe EWSB from another angle.
29
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Diboson Scattering at the LHC

Longitudinal dibosons at the LHC can be probed using vector boson scattering (VBS) processes:

Top row:
actual VBS

Bottom row:

irreducible

background.

arXiv:1708.00268

Non-VBS backgrounds in bottom row can’t be separated quantum mechanically from actual VBS
— Rely on cuts to target phase space dominated by VBS diagrams.
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Experimental Signatures

Features of VBS events can be used to distinguish them from non-VBS diboson and other backgrounds:
1. Tagging jets

» Forward direction (high |n|, close to
beamline)

* Llarge m;;, Ay;; with no hadronic
activity between the two leading jets.

: . y2eyd o (fb) per bin (m, Ay I): of
] o (fb) per bin (mjj, A yjjl). o2 . i i
0.012
QCD VBS
0.01
u d u 0.008
W+ Ve z 0.006
g et
Vy 0.004
w+ wt
— 3 0.002
d a d
200 300 400 500 600 700 800 0
m (GeV)
m; (GeV) arXiv:2102.10991
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Experimental Signatures

Features of VBS events can be used to distinguish them from non-VBS diboson and other backgrounds:

2. Vector boson reconstruction:

* Leptonic channels provide clean signature, better mass resolution.
* Hadronic channels provide improved statistics (higher branching ratio).

o At high-pt (>200 GeV), hadronic decay products are collimated into Decay products
a single large-radius jet = take advantage of jet substructure and reco’d as a
jet mass to identify it as a V-jet. single jet

* Semi-leptonic channels offer a bit of both.

Boson-tagging
using substructure
variables and jet
mass
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Polarization

Only the longitudinal polarization mode is a direct consequence of EWSB and the Higgs mechanism
- would like to study it specifically.

General idea:

* Compute differential cross-section as a function of angular
distribution.

* |t will depend on the polarization fractions.

. o do / dcosb,. (pb), M > 300 GeV
* Extract these by fitting simulated single-polarization samples

0 0014_:_ —_— unpqlarized (full)
to angular distributions measured in data. R Sl— Y e
~ ———— right (OSP res.)
0.0012— longit. (Legendre)
. ————— left (Legendre)
= 0001 hida (I;eg?nghgzj (Legendre)
. um olariz
eg. forl >V - f Process: f-,- [ o— :umgfgolarizedOSnges.)
*0.0008{—
8 -
S N
1 do(8,X) 3 ) 3 2 3 i 5
= — (1 F cosf X)+ = (1+cosb X) + = sin? 0 fo(X). -
df:'i()f_() dcosfdX 8 (1% )" fu(X) 8 ( )" fr(X) 4 fo(X) 0.0004—
0.0002|—
o:"': | PR IR T TR NN N BN RAT RN NN A r=1

'Y 08 -06 04 02 0 02 04 06 08 1
cos6,

Nikhef PhD Lecture, June 5 2023 Robin Hayes

6€E60'0TLTAIXIE


https://arxiv.org/pdf/1710.09339.pdf

Polarization in Practice

Experimentally tricky:

Polarization isn’t interesting for non-VBS
diagrams.

Polarizations interfere—> interference effects
cancel over full angular distribution, but not

necessarily when acceptance is limited by cuts.

Polarization vectors aren’t Lorentz-invariant =

need to choose a reference frame (often diboson

COM frame, but difficult to reconstruct with

missing energy).

Longitudinal polarization fractions are smaller

than transverse.

Non-VBS ,
U —>—
w+ et
Y
d
PV T
vy W b
W+ Yy
d —— MWW eZ
ut
10 do / dm”. (pb/GeV)
B unpolarized (full)
- longit. (OSP res.)
1.2— left (OSP res.)
B right (OSP res.)
sum of polarized (OSP res.)
1_
s N
3 B
S 0.8
I N
£ 0.6
2 F
3 0.4

| |

| |

1 I 1 1 1 1 |
800 800 1000 1200

1 1 1 1 1 I 1
1400 1600 1800

m; (GeV)

2000

T660T COTCAIXIE
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Polarization Measurements

ATLAS has measured joint-polarization states of W and Z gauge bosons in W*Z production: STDM-2022-01

Methodology:

* Using leptonic decays
e Fit distributions of angles in the
rest frames of the bosons.

Results:

* First measurement of V.V, pair
production: 7.10

* Single and joint polarization fractions
in agreement with SM prediction.

First step toward V; V; VBS measurements.

TR BLELELE BLELELE BLELELE BLELEL B
Ho25F ATLAS
[ S— L
02F Vs =13 TeV, 139 fo
0.15F :"V ® Data
: | ) A NLOQCD
E ; v Powheg+Pythia
0.05 2 Sl = 1 G contour
or 49 =emm 2 o contour
03:: -ttt e
= 3 3 1  WZevents
y— ; i ]
025 . - . -
0.2F Q r 7 3 3
0.15F o VN 3
0.1F - v
:. l la P Y P Pl Y ....I....I....I....I....I..:
o T o e T T T e s e
Forst - + 3
ha LD N s ~ s ]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-01/

Further Probing New Physics with Dibosons

* New physics relevant to EWSB could appear in diboson processes in ways other than the polarization
fraction.
* The form of the deviation depends on the scale of new physics, A:

0 S
- O
: 3
A within LHC E’ Narrow 3 i A above LHC
: ° resonance S enerov reach:
energy reach: é Background 5 &Y '
New physics appears as 2 i Resonance New physics appears
narrow bump over 1 beyond LHC as smal{ deviation in
smooth b/(g—on/y myy Tail excess 1 the tail of the myj
spectrum 1 event expected ; spectrum
T
|
1

> Target with Effective
myy Field Theory
interpretation

- Target with direct search

Both direct searches and EFT interpretations can be performed on VV events.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-028/
https://arxiv.org/pdf/2004.14636.pdf

Effective Field Theory

Standard Model Effective Field Theory (SMEFT): New physics enters at scale A.

* SM Lagrangian extended with higher-dimensional operators suppressed by powers of that scale.

(6)
C. .
0§5) " E : i 0_(6) + Truncate expansion
2
l l A l

at some order

Lsmerr = Lsm + Z
i

Lepton and baryon
number violation

-S 1
> 2 |
Non-zero coefficients ¢; enhance the tails of invariant . 2!
mass distributions. g| Ao 2,
£ background !
3 ! Resonance
1 beyond LHC
|
. 1
Goal: Use invariant mass distributions to place limits on Jail excess 1
o 1 event expected
the coefficients. —— FTTTTTIIII Tt e R T T\

Dijet mass, m,
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EFT Constraints

Operators that can be constrained depend on the physics process.

ATLAS combination of weak boson + Higgs + VBS processes interpreted via EFT too: Used
EW precision observable results [PUB note]: to constrain dim(8) operators

constraints placed on dim(6) operators

sSWW in ATLAS
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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://cds.cern.ch/record/2859330/files/ATLAS-CONF-2023-023.pdf

Conclusions

e Electroweak symmetry breaking is a
key ingredient of the SM.

* Since Higgs and diboson processes
are sensitive to its consequences,
studying them at the LHC can test
this cornerstone of the SM.

* No deviation from the SM found so far,
but Run 3 and the HL-LHC might have
more to say!
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