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Motivations to physics beyond the SM

The Standard Model

Successes
* All predicted particles have been

discovered

* The features of fundamental
interactions correctly described

Flavour anomalies
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R(A)

B(B* — )
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Pull in o

Unsolved issues

*  Gravity not included

* No dark matter explanation

* Neutrino masses

* CPasymmetry not sufficient to explain the
observed universe

* Instability of the Higgs mass under radiative

correction

* Hierarchy among the fermion masses

- Furthermore, several anomalies
in the flavour sector

No results from
direct searches
at colliders

Effective field
mm) theories help explore
virtual effects
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Standard Model as an Effective Field Theory
BSM
1 SM as low energy theory of a

. A (new physics) more fundamental one

Unknown BSM theory

¢

Extention of the SM Lagrangian with higher
dimensional operators weighted by A™"

SM < v (EW breaking)

Dimensionless Wilson Coefficients

> my (W mass) Foru <A C(/d) "
Losmerr = Lsm + D geyq 2 na=z O,

Fermi o \

Invariant under
Gsm = SU@B)cx SU2),xU(1)y

d dimension operators

Aqcp only SM fields
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A simple extension: U(1)’
Z' New gauge field

Gesm = Gsm XU(1)’ I gz Gauge coupling
Zy, Zy 2-hypercharges

of fermions and Higgs

Foru~ A
. . . . Z/ o Z/ Z/ Zl
UV Lagrangian involving Z': L% =L+ ‘Cint,fermions + E@
/
Free term L8 =—32,2" + M2, Z 2" Zl, = 0.7, — 0,7,

\Jmass of the Z' after SSB
Fermion interaction N N
L7 tormions = Sy 92 20 0 2l = [(A%)” iyl + (a%)” wwwé] z,
~
(a%.0)" =972 67
Higgs interaction

7/ g D,, is the SM covariant derivative
L, =gn wliD, o) 2"

<
] ﬁ ©'iD,p=¢" (iD,p)— (1D, ") ¢
H— Yz <H
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vSMEFT Lagrangian from U (1)’ extenS|on

VKA
—————— +————————————————-|-———> u
L,sMEFT Luov =L% + Lsum

RGE + MATCHING

VSMEFT operators of d = 6 dimension after Z' integration
B. Grzadkowski, M. Iskrzynski, M. Misiak, and J. Rosiek, JHEP 1010, 085 (2010) Y. Liao and X.-D. Ma, Phys. Rev. D 96, 015012 (2017)

LY = CuOu+ CIDOWY) + Cee Oce + Ciy Oy + Cag Oga + CL5) OF)
Ci 05 + L) O8) + Ceiy Ocyy + Ceg Oca + Cre Ope + Cry Oy
Cra Opa + Cge Oge + CLD O + O OL) 4 Cue Ope + Cu O,
CvaOva+ Co Op + Cy O + Co O@ + Cyup Opp + Cey, Ocyp
Cuup Oup + Cap Oap + Cuyp Oy + CL) O8) + C e Oy + CL) O)

+ Cgou Ospu + Cgod ngd + C¢V (/)@V + h.C. .
Wilson coefficients depend on the parameter of the UV theory: g, 7y, z; and Z' mass

+ 4+ +

Blue terms are O for this extension
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Relations from the gauge group structure

Few parameters to express -

all Wilson coefficients Relations among them

Conval iy = 224/ [Cvannl iy [Conal iy
L / [%w][%w}
Generation indices [C@b@b - _ 1] kp
ligkp C(,OD
[C@%]i' [090@02}143
Conpaijry = 2 (ioD :

Wilson coefficient # O onlyifi = jandk =p
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Relations from the gauge group structure
Defining 7 = 11

Coefficients structure synthetized

Coo=go | CorlaColy ((C)s)  [Covly [Cotls

Covn]y [Cpwaly  Counly [Copaly  [Conly [Covels
9 i i o i

Cpyps Cob C‘P"’bl_g Copy 1 _C‘P'l;bl_g Cops 2 Coypy 2 _0901#2_3
¥ ] i - i ]

Coy, | 3 Clope 1 _C<P’¢1_3 Cops 2 Cops 3 _0901/)2_3
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Constraints from Anomaly Cancellation Equations
(ACE) RO

Uv'(@)

- Aggz =2 Z(l) Zq(l,l) — Zc(il) =0

A - A22Z = 321(51) + Z(l) =0

SU(3) SU(3)

U(2) SU(@2)
7 A (1) (1) (1)
- 11z—gzq _§Zu _§Zd
+5 z(l) — zél) =0
u@y u@) U;(l)
/N a2t

grav. grav.
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Constraints from Anomaly Cancellation

U'(1)

A > A= [ 220 4] [ 2] = 0
v U'(1)

U (1)

- A, =32 sz’) — 2733) — Zc(i?))]
+[2 zf) - zé?’)] =0

U'l) U'Q)
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Relations among coefficients
égzﬁ) — Zf‘:; ([Csow]a L=

z-hypercharge dependence

o M?2, 1 (n) M2, L n ~(n)
% = "9y om [C‘W]z - Sy T (_g—g g_H) Cov
A33Z — 26’90(1 - é@’u, - é(pd =0 A é@q — W
Azzz — 3é¢q + ésﬁf =0 >~cp€ = -3 ~g0q = -3 _C¢u—2FC@d
A1, — égoq —86@11, —Qé¢d+3é¢g _66goe =0 égoe — _26g0u _éfgod
AGGZ%QC'@g—é@e—é@V:O J é@V:—~¢u—2@¢d
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Example I:

Z' universal and only coupled to the third generation

Only third
Universal coupling generation coupling:
= = = Raps = 2
Rpy = Rapy = Rapg = 2y _ —0 -04 -02 00 02 04
Ry = Rapy = C
#q
l l 15
1.0
[Cou]y = [Cou], = [Couly = [Cop], =0 o
B [C‘W}i = Coy [C¢¢]§ = Cyy o 8-2 ]
] [ ]
~(n) ~ n ~(n) (A n -1.5
CW/) — 3(C¢¢) CW — (CW) =15 -1.0 -0.5 %o 05 10 15
of
. 1.0
Same constraints 05
from the linear ACE S 0.0
1) .
6 coefficients and 4 linear relations -0.5
-1.0
Correlation plots varying 15
Coa, Cpe € [-1,1] V -04 -02 00 02 04
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1.5

Example II: 1.0
Z' only coupled to left-handed fermions -~ 82
g o.

Only left-handed coupling ~-05

ze, 70 2z, #0 mmp 6 parameters 1.0

l 15 -1.0 -05 00 05 10 15
2 . [Ctp{’]l
. . 15
cor.mstralnts - C, —Cl=0

from linear ACE 1.0

l . 05

3 00

2 constraints from T -05

quadratic and cubic ACE -1.0

-15 e
1 15 -1.0 -05 00 05 1.0 15
1.5 [Cgo(’]l
6 coefficients and 4 constraints 10
Correlation plots varying . 05
[Csoq];a [Ccpﬁ]g < [_17 1] & 00
o
-1.0
Correlations among coefficients produce _15
correlations among observables -5 =10 05 [CO'O]I 0.5 1.0 15
pqll
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Conclusions and perspectives
SM might not be the ultimate theory

LO ofan EFT =) SMEFT/VSMEFT

Effects of new physics
in its parameters

Constrained by experiments or
theoretical assumptions

Explored U(1)" with vSMEFT :
* Gauge structure mmp relations between coefficients

* Gauge anomaly cancellations significantly narrow
down coefficients space

Results guide experimental searches and global fits

Future Work: Include experimental data to refine constraints.
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