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« Small uncertainty (=10 MeV) In
theory and experiment




Prediction & measurement of M,

Overview of m, Measurements
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* Small BSM effects on My, can
be exposed

* U(1) extensions affect My, at tree
level so precision Is iImportant
(1-loop)




My, in the SM at one loop:
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20€ Rellyw (My) — My (0)
Ar-M = |
2
M W
Renormalization of Diagrammatic corrections to the muon decay
the electric charge, graph: W-propagator and box and vertex diagrams

formula known all C‘gv (Renzz(Mg) RGHWW(M%/))
)

order I
2 2 2
Siy M2 M2,

. .
Renormalization of sy, [Sirlin, 1980]



What’s
In a
UI¢T )
extension?

* SM gauge groipis

an extra U( I adesE
action

B ENELCBREW Scalar

(s), can

stabilize the AN

vacuulll

* May add ([gI&
erile)

. NCULN®

mass gencratiomnst
see-saw, dark .
matter )

<

)itan Trocsanyi’s talk on the superweak model yesterday!



Gauge sector:
* M7: mass of the new gauge boson Z’

° S; . new gauge mixing angle, rotation of gauge
elgenstates to mass eigenstates:

New parameters: I8 =<SW w 0) 0 oz =57 || Z
B, 0 0 1/\0 s, ¢, Z,
S
= Scalar sector:
2 oQAUOC T 3 SCzll‘dl‘ e tanf = — : ratio of new VEV to BEH VEV
- - v

* M, : mass of the new scalar boson

° Sg : new scalar mixing angle to mass eigenstates

()= =)




Tree level masses:

« Express new angle with effectizve couplings:
K
tan(26,) = —
an( Z) 1 — K2 . T2
* k and 7 are functions of the 2 new Lagrangian
couplings (g, , g,-) and tan 8

* Tree level gauge boson masses:

1
My =-gLv

b'oSon 2

Gauge

IR RRTC - = VR(cz,5) and My = 2 \[R(sz,—c,)

R(x,y) = (x —k y)* + (ty)?




Tree level masses:
* Tree level gauge boson masses:

R(x,y) = (x =k y)* + (ty)?

Gauge

 Diagonalize also the neutral Goldstone boson
mass matrix

b O S O n  The diagonalization yields the equations:

IMAassSces M, (c; —Kks,)=M,c,T

MZ(SZ + K Cz) — MZ’SZT




Concise relation:

Gauge o -
Express predictions with
boson

Lagrangian couplings or pheno
masses parameters e.g.:

M2, M2,
p = =1—S§(1 MZZ>

Z

See also: [2306.01836]



Concise relation:

— 2 N2
_2— CZMZ SZMZ’

Express predictions with
b()SOll Lagrangian couplings or pheno

MAasses parameters e.g.:

M3 pMz 1+ |1 ima (1 + Ar)
— r




Renormalization

» Split bare parameters into g(® - g + §g

* The V%/einberg angle changes at tree level:

dciy
M2, —— > = = 6MZ, — cfy(c SMZ + sZ M7 — 2s,(MZ — MZ))8sy)
/4



Renormalization

» Split bare parameters into g(® - g + §g

* The V%/einberg angle changes at tree level:

5c2;
MZ, —= = 8MZ, — cZ,(c2 SMZ + s% SMZ, — 2s5,(MZ — M2,)6s;)

Ar recelves completely new corrections:

Ar collects the

radiative Ar = (formally A7 with BSM loops) —

corrections to ct, Ch 5 5\ 0Sz

the p-decay and —S7 <2 V2 (R [My7(MZ) — Rellyr,(MZ:) + 2(MZ — M) s,
w Mw

hence to My,



How to obtain os, I.

* Relate unrotated and rotated | * Unrotated fields are
fields: renormalized such that

0 0) 4(0 0), (0) (0 0),,7(0 ,
B, =) Ay =53 (e7 2, = 5.7 2,%) B\" = ./Z;B, and B,'® = \/Zp/B,

1(0) _ _(0)(0) (0) 1(0)
Bu =S, Zu +c, Zu

e Also true for renormalized
- . 1 1
f|e|dS A[(I.O) /\1/ Zaa EZAZ §ZAZ’\

B, =cyA, —s (C Z, —S Z’) 1
u Wtu W\~Z “u Z““u 0

(0) 2 2
B = 5,7, + c;Z! 2 - Zom
u = Sz4y T Cz4, EZZ’A EZZ’Z Zyrz

* Rotated fields may mix:




How to obtain o0s, 1l.

» EXpress bare fields with renormalized ones and collect
coefficients:

1
0 0) { .(0 0
JVZpg Cy = C]SV) Zaa — 2 15/) ( ( )ZZA — Sé )ZZ'A)

0
1/ZBISZ—SZ Zzz"‘ C( )Zz’z

1 0

* First equation is used to derive de
(U(1) Ward identity /Z5 Zg, = 1)
« 2nd and 3rd ones are divided to cancel ,/Zgs and express &8s,

[hep-ph/0209084]




Case I.
Ar = (formally ArM with BSM loops) —

2
; ] C C 0s
* The ¢ poles cancel in Ar in — 52 ‘;VMW (R [,,(MZ) — Rell,r,(M2) + 2(MZ — M2, Z)
Rz-gauge with general z- SwHw Sz

charge assignment

e For several benchmark When is it safe to neglect the new terms?

points Ar is independent of
the gauge parameters &;,
withi =W,A,Z, 7

« Compare Ar in two cases:

Case Il. :

Ar = (formally A" with BSM loops)

[2204.05285, 1309.7223]



* The &£ poles cancel In
Ar In Rg-gauge with
general z-charge
assignment

* For several benchmark
points Ar IS
Independent of the
gauge parameters &;,
withi =W,A,Z, 7'

« Weak dependence on
the renormalization
scale u at fixed
benchmark points
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Benchmarks: My, — My, ¢y [MeV)

SMALL M, = 50 MeV
and s¢ = 0.1

LARGE M, =5 TeV
and s¢ = 0.1 -
Potentially relevant

Sy 5.10%
Mg 0.5 TeV 5TeV
tan 8 () () || 6 ()
0.1 1 1 2 2

BSM corrections to
the SM prediction
for My, in MeV units

tan

20

30




* The new mixing s, has to be small (or excluded)
M, < M, — lighter W-boson

M, > M, — heavier W-boson

» Much weaker dependence on Mg, s¢ than M, s,

* Fora heavy M; < M.
w < M, 1s unphysical (new gauge coupling Is nonperturbative)

» Case (11) workswell if M,» & M,
» Case (1) might be needed If M; << M /!

Remarks



* Precise predictions in BSM
models are important

* Full Ar at 1-loop in U(1)
extensions Is computed

* Full Ar may become
Important for heavy M,/

* ...compared to the available
predictions

* Fig. shows region where :
IMP — My| < 20

tan 8 = 10.
() Case (i)

© Case (ii)

~

7

Conclusions




Backup slides




Benchmarks: sauge couplings

1 MZMZ’
k
v tan
p JMZ T

MZ

gZ(MZ’rSZJ tanﬂ) =

g, = 2.03, g,,= 2.94

g, = 0.676, g,,= 0.240

gyz(MZ’ S7) tanﬂ) =29, + *S5,Cz
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