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Flavor anomalies L) Universitat

« Muon magnetic moment (g — 2)ﬂ

anomaly (4.2 6) — assumption: due to NP BNLg2 @
Muon (g — 2) Collaboration See also lattice results:
[hep-ex/0602035, 2104.03281]; Borsanyi et al. [2002.12347]; FNAL g-2 4 °

Alexandrou et al. [2206.15084];

Aoyama et al. [2006.04822] Cé et al. [2206.06582]
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» Combined explanation with 4-fermion operators? | o2f #uwsum oo KD 032001020008
F ROhsomsoos IO PO = 2% §

Marzocca, Trifinopoulos [2104.05730], Greljo et al. [2103.13991], | | o | |

Crivellin et al. [1912.04224], ... 02 03 04 05
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 How do both types of anomalies fit together?

Felix Wilsch DISCRETE 2022: Implications of the (g —2), anomaly on the flavor structure of NP


https://arxiv.org/abs/hep-ex/0602035
https://arxiv.org/abs/2104.03281
https://arxiv.org/abs/2006.04822
https://arxiv.org/abs/2103.11769
https://arxiv.org/abs/1910.12127
https://cds.cern.ch/record/2815334
https://arxiv.org/abs/2104.05631
https://arxiv.org/abs/1303.0571
https://indico.cern.ch/event/1187939/
https://arxiv.org/abs/2104.05730
https://arxiv.org/abs/2103.13991
https://arxiv.org/abs/1912.04224
https://indico.cern.ch/event/1187939/
https://arxiv.org/abs/2002.12347
https://arxiv.org/abs/2206.15084
https://arxiv.org/abs/2206.06582

(g—2),andu — ey ) uniersa

«  We work in the SMEFT with the hypothesis of heavy NP:  Ayp > v

» Electromagnetic dipole operator: [Q,,],s = (v/ﬁ)(éé’a’”’eﬁ) F,
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Aa, = a;"® — aM = (251 £59) x 107"
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Hints at non-vanishing dipole operator
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«  We work in the SMEFT with the hypothesis of heavy NP:  Ayp > v

» Electromagnetic dipole operator: [Q,,],s = (v/ﬁ)(éé’a’”’eﬁ) F

Uv
a8 N [/ \
(g —2), p— ey

y y
>
> > /‘l. C
oGy 5 €

Ag = gB*P — oM — (251 % 59) x 10-11| |Non-observation of radiative LFV decays

2 I H — Byt +) < 4.2 % 10713 (900
[hep-ex/0602035, 2104.03281, 2006.04822] (,u — € }/) S 4.2 X (90% C.L.)

MEG [1605.05081]

Hints at non-vanishing dipole operator Implies strongly suppressed off-diagonal
[Cey]zz ;é 0 COUpIingS [Ce},]lz(zl) < [Ce},]zz
[C, ), =1.0X 107> TeV~> 1[C, ]2 | £2.1x 10719 TeV >
— AN _
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Ellisalignment: €L(R) ‘ |C ]12(21)/[Cey]22‘ <2X IO_SJ
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RG evolution L) o

BSM theory
Matching g ANP
RG mixing SMEFT
Manchor. Trotr (unbroken phase)
[1312.2014]
EWSB v
SMEFT
(broken phase)
~ LEFT
exp.
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RG evolution

SMEFT operators with (?afeﬂ) structure:

[0 lugy = (Z36,,€9)€m @0 1)
[Qledq]aﬂzj — (f neﬁ)(d .q]n)
[QeB]aﬁ (f Gﬂyeﬂ)HB
[Qowlap = (£ g0 eg)t HW,,

[QeH]aﬁ = (H' H)(faeﬁH)
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RG mixing

Alonso, Jenkins,
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SMEFT operators with (?afeﬂ) structure:
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RG evolution L) o

SMEFT operators with (?afeﬂ) structure: Energy
[OD 1,55 = (Zep)Enn(Tu)

l(;’) ' ! BSM theory
[ ]a i = fa v68)€nm _;'no-ﬂyu'
Qlequ pij ( K ﬁ) (q J) Matching g ANP
[QeB]aﬁ (f aﬂyeﬂ)HB
[Qowlap = (£ g0 eg)t HW,, RG mixing SMEFT

B Alonso, Jenkins, (unbroken phase)
[Qerilop = (HTH)(¢ oepH) '[\gg?gggﬂlroﬁ
The broken phase
CfiZ _ [ o —so Cen o= 2 _ ¢ » EWSB
C’eZ —Sg —Cg CeW V g% + g% g1 v
Er s ! e
[ye]rs . 1 _% [YG]TS 0 V g% + g% g2 SMEFT
vl ) ~\1 3]\ (broken phase)
N ~ LEFT

Yy, and y, Yukawa enhanced running:
Ceg(ﬂL) = [1 — 3L (yt2 + yg)] Ce%(,“H) — [16Lye] Cl(egu( H)

af333

exp.

,02
—Cdg(uH) + 6v2L

Yelap(ur) = [Yelog (um) — 5

3
Cl(ecgu yl:)))Cledq + Z(yt2 + yg)CeH
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Mass basis |

« Diagonalize lepton Yukawa [ %/,] with rotation: € L(R) = -7, ]12(21)/[? ]22

 Dipolein the mass basis:
C, ey (/’tL) — ey (IML) + L(R) e}/(luL) Céy(/’tL) — Cey(luL)
22 22

1221) 12Q21)

R e — e — -
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Mass basis |

« Diagonalize lepton Yukawa [ %/,] with rotation: € L(R) = -7, ]12(21)/[? ]22

 Dipolein the mass basis:
C, ey (/’tL) — ey (IML) + L(R) e}/(luL) Céy(/’tL) — Cey(luL)
22 22

1221) 12Q21)

« LFV dipole in the mass basis:

. )
CL(nr) = (05" — 6Y)Cl(ur) + (65 — 62 (16Leye)CL, () -C,, # Odueto Aa,
12 22 2233 22
3
1 Y 1 anomaly
- |(6F = 0200, ) + (6 — 6% g | L0732 - C 1)
2233 Yt 2233 M 22 o
1 — 9L(y2 + o2 - Cleqq has negligible
v (o5 — o)) L2 ) 6yt ) - :
2 % Yu 23 coefficient (y,/y,)
* Flavor phases / angles: - LFV Higgs couplings
Ce C C(é)u Ce eH - Y . .
9y = [Yelin Q¢ = _1%/ el — “ Q4 — 11223 gd — 112631? (QL QL) IS tlghtly
Hu 22 22 2233 2233 Blankenburg, Ellis, Isidori [1202.5704]
Hu HH K Hu | Harnik, Kopp, Zupan [1209.1397]
L _J

= We have C ;y sufficiently small only if all flavor phases 01{( are aligned!
12
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Alignment conditions & mechanism () zn

o R =|c/c| <2x107
L Y Y € e e —
Flz = ((927’ —0,) + (92‘3 — QEY)A3 + ((92‘1 — QL)AI] k2 HE1
911; = (Ci/ci)
» C,(uy) # Ois generated if (92( # 0 forany X v
s ~16Ley,C® (uy,)
even if C,,(piy) = 0 A, = i o(1)
12 Cé;/(:uL)
« All phases 6’5 have to be aligned to get Céy(,uL) ~ 0 b
equ
12
A, ~04x1072 2 A
and thus not violating the 4 — ey bound 1 . 4c®), 5
B 2233 4,
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Alignment conditions & mechanism () zn

o R =|c/c| <2x107
L Y Y € e e —
Flz = (HL@’ —0,) + (92‘3 — 927)A3 + ((92‘1 — QL)AI] k2 A .
S (c,. / ci)
» C,(uy) # Ois generated if (92( # 0 forany X v
12 —16Ley,C) (uy)
: — equ
even if C,(uy) =0 A, = = — 6(1)
12 Ce,(pr)
X . , ] _
* All phases 6; have to be aligned to get C?z,(,uL) ~ 0 ch,
A, ~0.4x%x107? 2 A
and thus not violating the 4 — ey bound 1 . 4c®), 5
B 2233 4,
Case Dynamical hypothesis Alignment condition
I) Dipole operator radiatively generated with Cl(fgu 07" = 07°
As=0(1) | II) Cl(jgu and Cl(jgu from same UV dynamics 07 =677
. . . 1 U
ITT) y,, radiatively generated with Cl(e q)u oY = 6%
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Flavor symmetries 1) pivertta

Can the alignment be achieved by flavor symmetries?

. Individual lepton number conservation U(1)? = all flavor phases (92( vanish
U(1)* = U(), ® U(1), ® U(1), = U(1), ® U(l),_, ® UL,

see e.g.: Greljo, Stangl, Thomsen [2103.13991]; Arcadi, Calibbi, Fedele, Mescia [2104.03228]; Cen, Cheng, He, Sun [2104.05006]; ...

e —

E—

_ e

e e e e

R e e e
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Flavor symmetries ) gmiversiat

Can the alignment be achieved by flavor symmetries?

. Individual lepton number conservation U(1)? = all flavor phases (92( vanish
U(1)* = U(), ® U(1), ® U(1), = U(1), ® U(l),_, ® UL, J

see e.g.: Greljo, Stangl, Thomsen [2103.13991]; Arcadi, Calibbi, Fedele, Mescia [2104.03228]; Cen, Cheng, He, Sun [2104.05006]; ...

e —

E—

e —

e e e e

R e e e

« Minimally broken U(2) symmetry acting on the 2 light generations

2 _ Barbieri et al. [1105.2296, 1203.4218]
U(2) - U(2)L ® U(2)E Blankenburg et al. [1204.0688] Ilght generatlons doublets’

1
A V eg.L = < ) ~ 2
- Lepton Yukawa: Y, =y, ( e Mt >U(2)L 2
0 1 third generation: singlet,

- Spurions V, ~ (2,1), A, ~ (2,2) parametrized by:

. o, 0 c, S
Vbﬂ — elgbo” 0 , Ae = O;F © , Oe = ‘ ‘ L
€ / 0O o —S e C p Bordone, Isidori,
€ Trifinopoulos [1702.07238]

Fuentes-Martin, Isidori,

- Hierarchy from Yukawas: 1> ¢;> 6,> 6, > 0 Pagés, Yamamoto [1909.02519]

e;=0(107"), §=0(107%), &§=0(107), s5,=0 ( me/mﬂ> > 1072
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e — u alignment in U(2)° ) univrs

« Relevant leptonic structure: (Lza I eﬁ)

- Leading breaking (iAeE) is universal = no misalignment
- Sub-leading breaking (LV,V,'A E) can generate LFV

« Breaking term X;‘ﬂ = K,(A,)gp + ﬂn(VLﬂ)a(VLﬂT)y(Ae)yﬂ

diagonalized for each operator (), with rotation

ogn = —¢ (1 | |2) o S O h / O(1)
= — —a,|€ , = ———, wherea,=1n,/K, =
L c. nl€p R .5, dl

- Automatic alignment in the U(2) . space

- Alignment constraint in the U(2); space

- 3 1
Y _ e 2 L -5 e, ~ 0O(10

elfy_‘gL_c les1"(ay — a,,) < ey ~ 10 e~ 000

e

Natural expectation:

Seay — dgy) ‘ S107° |5 =0 (, /me/mﬂ>

= Alignment constraint in ¢ — u sector
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An expliCit NP mOdeI A Unlveruf:tat

¢ 5~ (3,1)1/3 scalar leptoquark + heavy Higgs @ ~ (1,2),,, model:

Ls, = Lsm+ (DuS1)(D*S1) — M2 TS, — AL (GFeln)S1 + NE (weq)St + hoc.]
+ (D,®)(D*®) — MZ®T® — [ c3(Laes)® + N, (qzuj)q) + h.c. ] :
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¢ 5~ (3,1)1/3 scalar leptoquark + heavy Higgs @ ~ (1,2),,, model:

Ls, = Lsm+ (DuS1)(D*S1) — M2 TS, — AL (GFeln)S1 + NE (weq)St + hoc.]
+ (D,®)"(D*®) — M2oT® — [ ¢ 5 (aes)® + A2 (qu)® + h.c.] |

J
~ 6 : 1 .
. (1) )\,{Ja*)\;% )\Z,B)\% (3) )\,fla*)\j% Cz’g(“H) — 167T2M§,1 {—g [(AL)TALYe] .y . g [Yta()\R)T)\R} .y
Matching: “ems = o0, ~ M3 * o™ ey S AT
- (ot ) foorn] )
\— e S Ve N
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¢ 5~ (3,1)1/3 scalar leptoquark + heavy Higgs @ ~ (1,2),,, model:

Ls, = Lsm+ (DuS1)(D*S1) — M2 TS, — AL (GFeln)S1 + NE (weq)St + hoc.]
+ (D,®)"(D*®) — M2oT® — [ ¢ 5 (aes)® + A2 (qu)® + h.c.] |

J
- 1 1 \
% X ___ ¢ 2 [V L 1 R\f \R
A0 _ Mo N Mgy @ MBSk 16’”2M§1{ (VY] =g [0
Matching: “iequ = M2 - M2 lequ — _W 7 2
afij afij K *
Bij S1 % Bij S1 + <Z+log M_Ié) [(AL)TYUAR]QB} :
_ y
o )
Flavor phases:
L %
gu _ A31 Agp + 2XPp N33 MG /M
Lo AL AR oA NS M2 /M2
32 32 22133415, /Y
L %
923 — )‘31
L * 9
A3
% % %
0T — (Ye)la)‘ﬁz )‘z‘R2 +)‘z‘li Aéy(Ye)a2 — 14yt)‘§/1 )‘§2
o=
(Ye)aa iz, M5+ Ny Ao (Ye)az — 143055 Al
HLY is a free parameter (Yukawa is a marginal operator)
. y
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¢ 5~ (3,1)1/3 scalar leptoquark + heavy Higgs @ ~ (1,2),,, model:

Ls, = Lsm+ (DuS1)(D*S1) — M2 TS, — AL (GFeln)S1 + NE (weq)St + hoc.]
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j
rv )
__ e EER VAL Y? _ 1 Ryt \R
Matching: Cio) No Al Mgy @ AR ol 167r2M§1{ g (VTN =g ot
atching: Ciequ = - ) equ —
9 ixﬂqij 2M§‘1 McI2> ixﬁqij 8M§1 + (Z—Hog ]\,L;—%’) [(AL)TYJAR] } ;
S ———————————— 1 af
— - >
- (. ey U Us : |
Flavor phases: ° QL ~ QL ~ QL obtained for:
; 2 2 L L R\2 _
MR+ 2060 M3 /M3 My > Mg, i < A5 ()7~ 0
L o L *\R e \u 2 2 )
Azo A2b + 2AS A Y M s /M
“22* 52 T 200 X3 M, Moy » Hard to conceive dynamical alignment of 6,
0;&_/3 — )\31
X )
A3 = [/(2)? hypothesis:
E 3 b S b S
97 — (Ye)la)‘ﬁu )‘z‘R2 + )‘z'Ll )‘73[&(1/‘9)“2 _ 14'%)\%1 A3R2 ALY (Vs (Ae)12
L - R*\R | \L*\L L *\R ey _ 231 _ y _ Be
(Ye)2aAin A + A Nig(Ye)az — 1493y Agy |00 = ALY (Vi)e 0. L= (Ae)22 e

HLY is a free parameter (Yukawa is a marginal operator)
— y

Felix Wilsch DISCRETE 2022: Implications of the (g —2), anomaly on the flavor structure of NP



Universitat

Conclusions ) s

 In combination the (g — Z)ﬂ anomaly and the non-observation of 4 — ey imply a tight

alignment on the lepton dipole operator Qe}, in flavor space
By RG mixing several 4-fermion operators have to satisfy similar alignment constraints

* Alignment mechanisms:

- Dynamical alignment — alignment of Yukawa 9{ especially difficult

- Flavor symmetries — U(1) sets all flavor phases 91),( to zero

— — —— ———
1

ﬂ? —_— —_—
= If (¢ — 2), anomaly is a sign of NP the lepton sector must feature enhanced symmetries

| = The quark and lepton sectors must behave quite differently beyond the SM

— = ==

———= ————— ————— S————— —————

Thank you for your attention!
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