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Introduction: The Standard Model

The Standard Model is the most successful theory
of the quantum world

Electron neutrino, photon, || c- and b - quarks, Nothing here?
gluon, (graviton?) tau-lepton othing here*

1e(-3) 1 10 100 1e3 1e5 1e22 MeV

u- and d- quarks, s-quark, W, Z and Higgs
electron, muon neutrino muon bosons, t-quark




Introduction: How to discover new physics?

Is energy scale accessible at the experimental environment?

yes no

Direct search Indirect search




Introduction to EFT

Theory with 2 sets of fields: soft and hard

A A 2l = [(D6.D0n)exp {iS16w 1)+ [ G+ |

Observables of interest depend (O) = / [D¢sDépp] exp {iS[ps, ¢n|} O(¢s) = / (Do) exp {iSa[¢s]} O(¢s)
only on soft fields e
Action of Effective Theory

D, Z \O. Local operators
N

Wilson coefficients

Uncertainty principle allows OPE Sal¢s| = /
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Assumptions behind SMEFT

Poincaré invariance
and locality

Mass Gap

Gauge symmetry

Preserve unitarity and
causality

Light BSM particles are
not considered

Same as in the SM:
SU(3)xSU(2)xU(1)



SMEFT lagrangian

o0

. Z Ci,D

Lagranglan ['SMEFT — E ED ED — Ci,D Oi,D Ci,D — A;)_4|
D=2 ]

Dimension 2 operator Lp— = M%{ H'H

1 _ _
Lp=s=—7 Y. VeV 4 N ifetDuf+ Y ifoDufe

Dimension 4 VeB Wi Ga feo.L feU,D,E

operators L _ _ _ _ . .
_ (QHYuUC + QOHY;D® + LHY,E® + h.c.) + D HDFH — A(HTH)? +6G% G2,
Higher B ~ _
dimensional Lp_s = —(LHT)CS (LHT) + h.c. 3045 dim-6 operators!!!
operators



WZ diboson production

® Precision measurements of WZ channel are available

e LOin QCD and EFT

o 21 EFT operators affect scattering amplitude

A= Asy + Absu

O —0sSM

Oint

Q-
A

OBSM

Q
—2 A—4

W+

W+
vim

mu+

—> BSM is visible at high energies

® Non-interference theorem: In the high-energy limit amplitudes are well characterized by

the helicities of the external bosons
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® r — direction of the boost vector to CoM frame

® ¢1and ¢2are sensitive to the interference term

Mins|? o APMAPEM cos(Ah - @)

(SM + EFT)/SM

—

0.

o
S

75

0.

35.0

(SM + EFT)/SM

—

o

4.5F

o
S

Interference resurrection technique
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Deviations from the SM and sensitivity of dw

e Kinematic variables: 5 angular (pw, ¢z, Ooost, Ow, 6z) and 1 energetic (Ma)

- -1 TeV
1e8 138 fb~', 2024 (13 TeV)
o After operator selection, 9/21 operators left o 8% 2024 (8 Tel)
3 | CMS internal
0.8} N I
|
0.6 ]
dw in spegjal frame ]
| + Ch1'3=0.2 |
EV 1 (eigval = 1.68e+09) 0.0 0.06 0.02 -0.09 -0.04 0.0 0.0 > 0.4F — Chg=0.1
- —+— Chz=0.05 |
: — Cig=0.01 -
0.2 [ I 1 I 1
EV_2 (eigval = 5.34e+07)
E 2 I | 1 | I I I 1 1 1 | I I
Q - _
EV_3 (eigval = 8.46e+04)] - E - — ]
! o S
L0.25 % 1 [ |
S — L | | 1 | | L
EV_4 (eigval = 1.30e-08) B 0. 30
|dw|
. 138 fb-1, 2024 (13 TeV)
X _ & 6 — I 1 1 | 1 1 I 1 I 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I -]
EV_5 (eigval = 1.61e-09) 1 B _
3 t CMS internal :
- _
5 ————— _
EV_6 (eigval = 3.82e-10){ 0.0 0.02 -0.15 0.0 -0.13 0.13 -0.04 0.0 i e | .
. 4 — ]
EV 7 (eigval = 7.44e-11){  0.01 0.12 0.55 -0.03 -0.02 -0.17 -0.13 0.04 -
- —+ Cy=02
3 — Cw=01 A
EV 8 (eigval = 3.12e-13){  -0.0 0.01 -0.08 0.12 0.0 0.03 -0.01 [ - —+ Cw=0.05 ]
- —— Cw=0.01 ]
2 I I Il I Il Il Il I 1
EV 9 (eigval = 3.26e-14)] 0.0 -0.01 0.0 -0.01 -0.0 -0.01 -0.0 < I —_—
-0.75 U) :
, , , - ' ' ' , = o anl . —
Cw Chdd Chwb Chj1 Chj3 Chin Chiz Che Cin L1 00— E— —
" —
= i |—_
@/ 0'75 —_I ] ] ] | | | [ ] | | ] ] L | |—
0.0 0.5 1.0 1.5 2.0 25 3.0




ensitivity of ¢z

¢z in special frame
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Sensitivity of M4

EV_1 (eigval = 1.72e+09)

EV_2 (eigval = 1.69e+06)

EV_3 (eigval = 3.32e+05) |

EV_4 (eigval = 6.73e+02) -

EV_5 (eigval = 1.66e+02) -

EV_6 (eigval = 1.56e+00) -

EV_7 (eigval = 7.75e-10) -

EV_8 (eigval = 1.68e-10)

EV_9 (eigval = 1.29e-12) -

-0.02 -0.48 0.09 -0.43 -0.0 -0.27 0.47
-0.0 0.01 0.02 -0.05 0.0 -0.01 -0.01
Cw Chdd Chwb Chj1 Chj3 Chn Chiz

-0.2

0.5

0.33

—0.50

—0.75

Counts

1.25

1.00

0.75

0.50

0.25

—
&)

(SM + EFT)/SM

—
o

138 fb-1, 2024 (13 TeV)

1
_I 1 1 I I | I I l 1 1 1 I | | I I 1 1 1 I l_'; ICI | 012 l_
: CMS Internal e =02 -
B —1— Chjz =0.1 7
— —— Cp =0.05 "
il —+— Ciz =0.01 -
:— E
: | | | | | | | | | I | | | | | | | | | | | I | | | | | | | :
I I I I I I I I I I I I I I I I I I I I I I I I I
B I_| —
[ -
_‘_l . .
_I | | | | | | | | | | | | | | I | | | I | | | ] | | | I | | I—

400 600 800 1000 1200 1400

Counts

0.8

0.6

0.4

0.2

—
o
o

(SM + EFT)/SM

O
©
a

1600 1800 2000

My

168 138 fb-1, 2024 (13 TeV)
I I A T DL L O

i —+— Cy=02 "
- CMS internal Hp
B —+ Cy=0.05
i | —4 C,=0.01 _
Tt i =
—_l | | I | | | | | | | I | | | l | | | I | | | | | | | I | | l—-

400 600 800 1000 1200 1400 1600 1800 2000

w11



tv to cw

Vi

Sens

Cw sensitivity

2%x1074-

AIAnIsuss

1074 -

12




Conclusion

® Interference terms are accessible via interference resurrection technique
o \WZ-channel is sensitive to 9 EFT operators

e Sensitivity to operators increases with the dimension of an observable

® My is sensitive to interference term at low energies

® The most sensitive observable to cW is the combination of dw, ¢z and Opoost

Future work

¢ |mplement algorithms of machine learning to define the most optimal observable

® Analyse sensitivity to all operators involved in WZ channel
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