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Motivation Southampton
Leptons have magnetic moments along their spin direction
— 2
gZ_s AaZ = dexp —

ay
» Aa,: Longstanding tension between SM and BNL measurementl!]
Aa, = (26.148.0) x 1071% ~ 3.55 from SM

» Aa.: Tension between SM and recent measurement from Caesiuml?

Aa. = (—0.88 4 0.36) x 10712 ~ 2.55 from SM

» Attempt to simultaneously explain Aa, and Aa, J

G, W. Bennett et al. [Muon g-2 Collaboration], Phys. Rev. D 73, 072003 (2006)
[2IR. H. Parker et. al., Science 360, 191 (2018)
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Vector-like fermions Southampton

» Minimal idea: 4th chiral family of

fermions e.g. ey, Va4
€41 €41

» Il Problem !!! chiral gauge
anomalies — e
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UNIVERSITY OF

Vector-like fermions Southampton

» Minimal idea: 4th chiral family of
fermions e.g. ey, Va4

» Il Problem !!! chiral gauge
anomalies — e

» Need a further family e.g. ey, 74, of
opposite chirality

» Anomalies cancel if quantum

. ) e &
numbers identical! L 4L

Models with such vector-like fermions are

. €41
necessarily anomaly-free
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Vector-like fermions and U(1)’ Southampton
Model gauge group:
SUB)c x SU(2)L x U(1)y x U(1)
Field content:
SUB)c | SU(2). | UML)y || L)
SM fermions # # # 0
Lia 1 2 -1/2 qi4
€Rr4 1 1 -1 dia
Lra 1 2 1/2 || qua
€4 1 1 -1 dia
ol 1 1 0 —qLa
Pe 1 1 0 —dLa
Sam Rowley (g —2),, /e in a Z' model with VLF 18/12/2019 5 /17



UNIVERSITY OF

Vector-like fermions and U(1)’ Southampton
Model gauge group:

SUB)c x SU(2)L x U(1)y x U(1)

Field content:

SUB)c | SU(2). | UML)y || L)
SM fermions # # # 0
Lia 1 2 -1/2 qi4
€R4 1 1 -1 dia
Lra 1 2 | 12 | qu
€4 1 1 -1 dia
ol 1 1 0 —qLa
Ge 1 1 0 —qia
NB: In high-energy theory, SM fermions uncoupled from U(1)’ J
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Vector-like fermions and U(1)’ Southampton

Possible Lagrangian terms:
3 3
_ N -~ _
LD yzge)LL4HeR4 + Z X,-( )¢LLL,‘LR4 + Z X,-(e)cbeemeRi-l-
i=1 i=1
M4L Lialpy + Mf €14€R4

¢s acquire VEVs to break U(1)' at TeV scale. SM Higgs breaks EW

symmetry as normal

LD MfZL4HeR4 + Mﬂuzm + Mf§L4eR4

+mixing terms (¢ interactions)
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Massive Z’" couplings Southampton
Initially, SM fermions uncoupled from Z’

L>g'Z, <ZLDL’V“LL + ERDE’Y“ER>

Interaction basis (pure flavour states):

(eu Ve) €r
| () _ | kR o
LL - (TL7 VT) ) ER - TR ) DL — dlag(07 07 07 qL4)
(€L47 VL4) €Rr4

Transform to mass basis = :

cos 9’1“’1’? 0 0 sin 9’1“’1’? 1 0 0 0
LR . LR
0 10 0 0 cosfy,” 0 sinfy,
VL e
LR 0 01 0 0 0 1 0
—sin GILAR 0 0 cos QILAR 0 —sin 92L;1R 0 cos Gé‘AR
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Low-energy couplings Southampton

(8LR)zun =  &'quy(sinbaar r)?

(gL,R)Z’ee = g/CIL4 (COS 924L,R sin 914L,R)2
(8LR)zwe = &'qu,(cos® Oaar g sinbrar R)
(gL,R)Z’uE = g/QL4 (COS 924L,R COs 914L,R sin 924L,R)
(gL,R)Z’eE = g/CIL4 (COS 914L,R cos® 924L,R sin 914L,R)

For simplicity, set g'qis = 1
Couplings can be expressed in terms of sin? 6241 r and sin® 0141 R J
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This Work Southampton

» Attempt to simultaneously explain Aa, and Aa,

> Restricted by decays © — ey and v,v* — v, utp:

BR(u — ey) <42 x 1071 (80) 1
M2, ~ (370GeV)?

Non-observation at MEG
experiment(3] SMEFT global fit analysis!*l

Minimal Parameter Space
L C o 2 )
MZ’7 M47 M47 sin 924L,R7 sin 914L

BIMEG Collaboration (A.M. Baldini et. al.) Eur.Phys.J. C76 (2016) no.8, 434
A, Falkowski, M. Gonzélez-Alonso, K.Mimouni JHEP 1708 (2017) 123
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Predictions for observables

Aa,
Z/
HR > m > 1273
€4r €41
) m>
A V4 — _ M
G 871'2/\//%/[

C L
Re ((eu)ue(emue) 2 G((M4)) 4

my, my,

I my

Re ((gL)pe(gE)ue) %G((me)% + }

Sam Rowley (g—2)
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Southampton
Aa,:
ZI
er (HJ\:;\,HB » €

L

7 m2

A V4 — _ e

ae 87T2 M%/ |:

(180l + (gR)eePIF(( 22 )

my,
+}
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Predictions for observables

Neutrino trident production:

Direct constraint on (g) ./ Mz
from SMEFT

Sam Rowley (g —2),,/e in a Z' model with VLF
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o —> ey:

Y
5
__ e M
M< MLy 2
—4 (gr)e G((—=2
m, (8r)eE(8L)1E ((mu) )+
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This Work (2) Southampton

» Attempt to simultaneously explain Aa, and Aa.

> Restricted by decays y — ey and v, v* — v, utp:

Minimal Parameter Space

L Cc o) )
MZ’7 M4a M47 sin 924L,R7 sin 914L

» Have expressions for phenomena ",
» Fix some parameters —> find allowed /excluded regions

» Full parameter space = random scan, examine points
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This Work (2) Southampton

» Attempt to simultaneously explain Aa, and Aa.

> Restricted by decays y — ey and v, v* — v, utp:

Minimal Parameter Space

L c 2 - o
Mz, Mg, My, sin“Oxuir, sin“fia

» Have expressions for phenomena ",

» Fix some parameters = find allowed/excluded regions

» Full parameter space = random scan, examine points

Sam Rowley (g —2),,/e in a Z' model with VLF 18/12/2019 12 /17



Analysis: Large MS Southampton

sin’0y z=10""

sin®6y, 1

® Aay, < Aa,*P(95%)
© Aay, > Aa,*P(95%)
® Aa, good (95%)

® VTri > vTri®®(95%)

B |Aa,| < |Aa,*?|(95%)
0 Aa, good (95%)

50 100 500 100 . 75 100 125 150 175 200
My [GeV] My [GeV]

» Terms with MS enhancement dominate
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Ana

0.8

0.6
B M, =5m,, M;"=1TeV

sinfy g

lysis: Small Mf

W VTri > VTro®(95%)

® Aay, good(95%)
® BR(u->ey) good(90%)

My=50-100GeV
sin0y4,=0.5-1.0

sinfyy g

0.8 1.0

0.2 0.4 0.6
sinfys 1
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Southampton

W VTri > VTro®(95%)

® Aa, good(95%)
® BR(u->ey) good(90%)

My=50-100GeV
sin04,=0.5-1.0
M,C=5m,, My"=1TeV

0.4 0.6 0.8 1.0

sin6ys 1

» Points look good, seems to be overlap, but...

Sam Rowley (g—2),/eina

' model with VLF



UNIVERSITY OF

Viable points (low sin? tra1) Southampton
Parameter Observable
sin2 924L sin2 (924[\: BR(ILL — e’}/) Aa, Aa#
0.12 0.04 1.44 x 10713 | —3.27 x 1073 | —5.09 x 10~1°
0.08 0.08 295 x 10713 | —5.08 x 10713 | —1.32 x 10°
0.08 0.08 473 x 1071* | —3.24 x 10713 | —7.90 x 10710
0.06 0.008 1.81 x 10713 | —3.85 x 10713 | —1.60 x 101°
0.10 0.18 493 x 1071 | —2.02x 10713 | —1.13x 107°
0.12 0.04 351 x 10783 | —2.06 x 10713 | —2.95 x 10710
0.11 0.02 1.01 x 10713 | —2.19 x 10713 | —2.11 x 1070
0.04 0.10 472 x 10713 | —3.15x 10713 | —8.63 x 1071°
0.04 0.004 8.78 x 107% | —3.27 x 1073 | —7.88 x 10711
0.05 0.02 456 x 1071 | —1.88x 10713 | —1.20 x 1071°
0.13 0.04 563 x 107" | —1.63 x 10713 | —2.67 x 10710
0.13 0.17 452 %1071 | —1.91 x 10713 | —1.09 x 107°
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Viable points (low sin? tra1) Southampton
Parameter Observable
sin” 0pgy | sin®Oogr | BR( — €7) | Aae Aa,
0.12 0.04 144 x 10713 | =327 x 10713 | —5.09 x 10 1°
0.08 0.08 2.05x 10713 | —5.08 x 10713 | —1.32 x 10°°
0.08 0.08 473 x 107 | —3.24 x 10713 | —7.90 x 10~1°
0.06 0.008 1.81 x 10713 | —3.85 x 10713 | —1.60 x 1010
0.10 0.18 493 x 1071 | —2.02x 10713 | —=1.13 x 10°°
0.12 0.04 3.51 x 10713 | —2.06 x 10713 | —2.95 x 1010
0.11 0.02 1.01 x 10713 | —2.19 x 10713 | —2.11 x 1010
0.04 0.10 472 x 10713 | —3.15 x 10713 | —8.63 x 10~ 1°
0.04 0.004 8.78 x 10714 | —3.27 x 10713 | —7.88 x 101
0.05 0.02 456 x 107 | —1.88x 10713 | —1.20 x 1010
0.13 0.04 5.63x 1071 | —1.63 x 10713 | —2.67 x 10710
0.13 0.17 452 x 1076 | —1.91 x 10713 | —1.09 x 10°°
Sam Rowley (g — 2),, /e in a Z' model with VLF 18/12/2019 15 / 17




UNIVERSITY OF

Conclusions and Outlook Southampton

Summary:
» VLF and U(1)’ model can explain either Aa, or Aa,, but not
both simultaneously (at 95% CL)
» Remains good candidate for other lepton phenomena - look
forward to new results and theory update
Future work:
» Extension of current work — (g — 2) calculation with additional
scalars

» Collider phenomenology and search for ‘smoking gun' signatures
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Conclusions and Outlook Southampton

Summary:
» VLF and U(1)’ model can explain either Aa, or Aa,, but not
both simultaneously (at 95% CL)
» Remains good candidate for other lepton phenomena - look
forward to new results and theory update
Future work:
» Extension of current work — (g — 2) calculation with additional
scalars

» Collider phenomenology and search for ‘smoking gun' signatures

Thanks for your attention
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