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o vadis, Lepton-Flavour Universality?
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Muon g-2, 2104.03281;

Aoyama, T. et al., 2006.04822
HFLAV 2021, 2206.07501

Explain anomalies via scalar LQ ¢ ~ S

Predict interaction structure via discrete flavour symmetry!
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Model Setup

Extend SM by scalar LQ ¢ ~ Sf ~ (3,1, —1/3)
Impose baryon-number conservation

LrE=T[3Q¢" +eSyurd’ +hec
LiG™ = () xd" o' + (ep) yur ¢' — (ef") zul” ¢ +hec.
z=xV!
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Model Setup

Extend SM by scalar LQ ¢ ~ Sf ~ (3,1, —1/3)
Impose baryon-number conservation
LG =T12Q¢" +egyuro’ +hc.
LiG™ = () xd" o' + (ep) yur ¢' — (ef") zul” ¢ +hec.
z=xVI

Formally: Type-ll Higgs-Doublet Model
V2 (<H3> + <H2>) =v24 v =v>~ (246 GeV)?, Decoupling limit

Hall, Wise, Nucl. Phys. B (1981); Donoghue, Li, Phys. Rev. D (1979);
Haber, Nir: Nucl. Phys. B (1990)

Lyvak = —QLyuur Hy — Quya dr Hy — Ly ye eg Hy + h.c.
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Model Setup

Extend SM by scalar LQ ¢ ~ Sf ~ (3,1, —1/3)
Impose baryon-number conservation

LrE=T[3Q¢" +eSyurd’ +hec
LEES = (vP) xd" ¢ + (ef) y uR ¢ — () zu" ¢ + hec.
z=xV!

Formally: Type-ll Higgs-Doublet Model
V2 (<H3> + <H2>) =v24 v =v>~ (246 GeV)?, Decoupling limit
Hall, Wise, Nucl. Phys. B (1981); Donoghue, Li, Phys. Rev. D (1979);

Haber, Nir: Nucl. Phys. B (1990)

Lyvak = —QLyuur Hy — Quya dr Hy — Ly ye eg Hy + h.c.

Flavour structure constrained by symmetry group Gf = Di7 X Zi7
@ use assignment 2 + 1 for fermion generations as much as possible

@ external Z, symmetry: mass spectrum; reps of D, are real; protect y
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LQ Coupling Texture

Viable texture for A =~ 0.2 and My = T ¢ < 5 identified in 1704.05849:

d, St br ur CR tr
Basis ~ d; and
Vel 0 0 0 €r 0 0 0 ej mass b:-;sis;
X~ Uy 0 A3 A, y~ ur 0 0 v o~ L
vee \O N 1 " \0 1 0 Ry ~1

Aau ~ 10_95 223 ~ X23 ~ )\4

R(D), R(D*) X33 ~ Y32 ~ ]_
D° — ui, B — D(*),uu: X2

B — K®uy, B.-B, mixing: XXz < A2
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LQ Coupling Texture

Viable texture for A =~ 0.2 and My = T ¢ < 5 identified in 1704.05849:

dp SL by ur CR tr
Basis ~ d; and
Vel 0 0 0 €r 0 0 0 ej mass basis;
x~ vu |0 XMoo, oy~ ur 0 0 V o~ LT;
v \O A2 1 " \0 1 0) & .
R(D), R(D*) X33 ~ Y32 1 Aau ~ 10_95 23 ~ X23 ~ )\4

B — KWy, B,-Bs mixing: xioxiz < A% D° — pji, B — DX pw: o

&, Hu, Ha, L3, Qs, ers, Ur2, Urs, drz ~ 11
@ L5 ¢' Qs unsuppressed — L3, Qs in complex conj. reps
° GTCB@? URr2 unsuppressed — ers, Ugr2 in complex conj. reps
@ Q3 H, urs, Qs Hydrs, L3 Hy eps: 3rd-gen. charged-fermion masses
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LQ Coupling Texture

Viable texture for A 2 0.2 and iy = 72 < 5 identified in 1704.05849:

dp SL by Uur Cr tr
Basis ~ d; and
Vel 0 0 0 €r 0 0 0 ej mass basis;
x~ vu |0 XMoo, oy~ ur 0 0 Vo~ oLl
vee \O N 1 " \0 1 0 Ry ~1
R(D), R(D*) X33 ~ Y32 1 Aau ~ 10_95 23 ~ X23 ~ )\4

B — KWy, B,-Bs mixing: xioxiz < A% D° — pji, B — DX pw: o

&, Hu, Ha, L3, Qs, ers, Ur2, Urs, drz ~ 11
@ L5 ¢' Qs unsuppressed — L3, Qs in complex conj. reps
° GTCB@? URr2 unsuppressed — ers, Ugr2 in complex conj. reps
@ Q3 H, urs, Qs Hydrs, L3 Hy eps: 3rd-gen. charged-fermion masses

Single spurion S ~ 21, (§) ~ X for LO elements. L ~ 21, Q ~ 25, er ~ 23
@ [¢" Q3 S: one spurion insertion — L and S in same doublet
@ [5¢" QS?: two spurion insertions — Q and S? in same doublet
@ (¢ @S> three spurion insertions — L¢ Q and S% in same doublet
o : three spurion insertions — eg and S® in same doublet

Tobias Felkl Flavour Anomalies Meet Flavour Symmetry SUSY 2022 5



Symmetry Breaking

Symmetry: Di7 X Zi7

d St b, uRr CrR tr
Vel er
X = VuL Y= UR
VrL as3 TR b3z

Up-type quarks: LY 1.0 = o1 @3 Hu ugs + af Q Hy ugy W + off Q Hy ugs (st + af QHy ugy T2U.
! —— ——
mt
Down-type quarks: C{,uk LO = a;’ Q3 Hy dr3 + ng QHydr T+ ag QHydr U .
’ ————
mp

Charged leptons: LS 1,0 = @1 L3 Hyeps + oS LHyeg T+ a§LHyeg U .

’ ————

mr
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Symmetry Breaking
= ;)
5-5(S)

Symmetry: Di7 x Ziz ——— Zi5’®

d st br uRr CR tr
Vel €rR
3 3
X= vy anA axsA Y= Ur boz A
2
VrL anA as3 TR b3z

Up-type quarks: LY. 1.0 = o1 Q3 Hy ugz +a8 Q Hy ugo W + o Q Hy, ugs (54r )2 + off Q Hy ugy T2U.
! ———— —— ————
mt — 623,(613)

Down-type quarks: L{/uk,LO = a;’@Hd dr3 +a‘215 Hydr T + ag QHydr U .
—_—
mp
Charged leptons: L;uk’L() =afl3Hyersta§LHyer T+ aLHyeg U .
—————

ms
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s=(). @=(3) w=(2)

5—(S) A T—(T), U=(U),

d .
Symmetry: Di7 X Ziz7 Z; 8 nil
dp S by UuRr Cr tr

9 11 9 9 9 9

Ver [antA”  anA aisA er [buX’  bi2A’  bizA
8 3 8 3 3

x= vy | ax\ anA anA y= pr | b boo A boz A
8 2 5 4

Vel \@1A anA as3 TR\ b3t b3z b3z A

Up-type quarks: l:g’(ukTLO = af 073 Hy ugs + —+ a; QHy, UR3 (ST)2 + a: QH, UR1 T2U .

————
me — 6023,(013) — My

Down-type quarks: L{’uk LO = af@Hd dr3 +o¢g QHydr T+ ag QHydp U .
’ N——— ———— e ——
my, —ms —my
Charged leptons: ‘Ci{uk,LO = ai L3 Hy er3 +(1§ LHyer T + a§ LHyeg U .
—_——— —— e ——
mr —my —me
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Outline of Study

Classification of Observables:

@ Primary: R(D), R(D*), Aay, 7 — py, o — ey, T — 3, T — UEE,
uw—3e, p—econv. in Al, B — K(*)Z/E, 8rp» Be = v, cC =TT

@ Secondary: du, gu,, Rg/e, RE/*”, B—Tv

mg 2, 1.2TeV at 95% C.L. for BR(¢ — t7) ~ BR(¢ — bv)  ATLAS, 2108.07665
— Benchmark LQ masses: my = 2,4,6 TeV
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Outline of Study

Classification of Observables:
@ Primary: R(D), R(D*), Aay, 7 — py, o — ey, T — 3, T — UEE,
uw—3e, p—econv. in Al, B — K(*)Z/E, 8rp» Be = v, cC =TT

@ Secondary: du, gu,, Rg/e, RE/*”, B—Tv

mg 2, 1.2TeV at 95% C.L. for BR(¢ — t7) ~ BR(¢ — bv)  ATLAS, 2108.07665
— Benchmark LQ masses: my = 2,4,6 TeV

1. Primary scan: Primary observables
Coeffs ajj, bjj, ¢j (mostly) independently varied € [\, 1/]] in mass basis
2. Comprehensive scan: All considered observables
@ Fit of SM Yukawa parameters to charged-fermion masses, quark mixing
@ LQ couplings:
e Suitable biases derived from primary scan
o Otherwise independently varied € [A,1/A] in interaction basis
o Coeffs ajj, bjj, cjj in mass basis: Functions of SM Yukawa

~

parameters, LQ coeffs 4, b in interaction basis
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Explaining R(D), R(D*), Aa,

Aa, = [2.5140.59 (0.4)]x10°
Muon g-2,
2104.03281, 1501.06858;

Aoyama, T. et al., 2006.04822
¢ ~
T j

— //“ [T —
N o
Uk

Aa, ~ —2RebzeE) | 44

my
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Explaining R(D), R(D*), Aa,

Aa, = [2.5140.59 (0.4)]x107° 0.32
Muon g-2,
2104.05_%281, 1501.06858;

0.30
Aoyama, T. et al., 2006.04822
¢
e’ _.0.28
. /K:/\ . = 0 ;
w .
Re(bs .7 LHCH'18 (10)
€ C —
Aa” ~ —2 ( ,\3 23) 10 9 0.24 ® % 2TeV with Aa,, at 3(2)0
m¢ : + 4 TeV with Aa, at 3(2)0
_ ® X 6TeV with Aq, at 3(2)0

Yi 0.22
0.28 030 0.32 0.34 0.36 0.38 0.40
b < T R(D)

Belle, 1910.05864; LHCB, 1708.08856, 1711.02505
% ~1+1.07 %ﬁbﬁ) R(D) = 0.339 + 0.030 (0.016)
M
" 2 R(D*) = 0.295 + 0.014 (0.009)
R(D*) Re(a33bs32) HFLAV 2021, 2206.07501
) 14036 —on2)
R(D*)sm s, Belle IT, 2203.11349

Straub, 1810.08132; Straub, Stangl, Kirk, Kumar, Niehoff, Gurler et al., 10.5281/zenodo0.5543714
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Charged-Lepton Flavour Violating Decay 7 — u~y

0.45 0.35
*  2TeV * 2TeV
t TeV 30 1 TeV 3o
0.40 6 TeV 6 TeV %
©  Anomalies 20 ©  Anomalies
—— Current 0.30 { — Current lo
0.35 Future 1o . -==- Future 4
e SM ’Q ----- SM
50,30 e x &
0251, oo -
0.25
0.20 - - R 0.20 - - .
10-1° 107? 10-% 1077 10-1° 107? 10-% 1077
BR(T — uy) BR(T — )
1078
*  2TeV
f. 5 1 TeV
BR(T — 11)ex ST "
P ’ \ o Anomali 2%
_ . L Anomalics .
< 4.2(0.69) x 1078 —\ T 1079 — Gy
e - L -==+ Future
Belle, 2103.12994; = =
Banerjee, S. et al., <
2 10
2203.14919 LD v (~ m¢/m3) 10
2
bazcsz
-5
BR(7 — pv) ~ % x 10 10711 ;
mg 10 10 1077

BR(7 — uy)

Tobias Felkl
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Charged-Lepton Flavour Violating ;1 — e Transitions

1078

o
SNt
BR(H — e’y)exp o .
<4.2(0.6) x 107** N T 107
MEG, 1605.05081; - :

MEG II, 2107.10767 5
LD v (N mt/mﬁzb) 10-10
biscs|? -
BR(u — ev) ~ % x 107"
o 0 1071
BR(p — 3e) =~ 0.0069 BR(p — e7) BR(t — e7)
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Charged-Lepton Flavour Violating ;1 — e Transitions

BR(1t — €7)exp
<4.2(0.6) x 1071
MEG, 1605.05081;
MEG II, 2107.10767

BR(p — ev) ~

AT,
T

w"r

LD v (~ mt/mé)

| b3 cos|?

~4
mg

x 1071

BR(p — 3e) =~ 0.0069 BR(p — e7)

Future searches:
CR(p — €; Al)exp
<2.6(2.9)x 107"
COMET, 1812.09018;
MU2E, 1501.05241

CR(p — e Al) ~ (0.003

Tobias Felkl
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Trilepton Decay 7 — 3u

BR(T — 3 )exp
<2.1(0.036) x 10°°

Hayasaka et al., 1001.3221;

Banerjee et al., 2203.14919

Important channels:
LD v (~ mt/mi)
Z (~ mi/m3)

Tobias Felkl

107% =
i 1
( * ob 2
10774 : 30
3
S
< .
*  2TeV
107104 4 TeV
> 6 TeV
@ Anomalies
—— Current X
---- Future B
1071 : — . :
1073107121071 1071 107 107 1077
BR(7 — 3u)
2 2
BR(r — 3 1) ~ | b3 ca| +9‘;07|623C33| % 10~7

mg,
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Conclusion

SM extension by scalar LQ ¢ ~ (3,1,—1/3), also involving H,, Hg.
Flavour structure constrained by symmetry group Gr = D17 X Zi7.
@ Assignment 1+ 1+ 1 for ugi, 2+ 1 for Q;, dg;. Li, eri under Di7.
@ Broken by four spurion fields S, T, U, W, all in 2.
@ Residual symmetry Z{2*8 preserved by % and y at LO.

Simultaneous explanation of R(D), R(D*), Aa, at 20 (30) for iy, = 2(2,4).
Successful fit to charged-fermion masses and quark mixing.

Bigaran, I., Felkl, T., Hagedorn, C. & Schmidt, M.A.;
Flavour Anomalies Meet Flavour Symmetry. arXiv: 2206.XXXXX J

Thank you for your attention!
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Back-Up

Tobias Felkl Flavour Anomalies Meet Flavour Symmetry SUSY 2022 15



Group theory of Dy7

D, non-abelian for n > 3.

D17 contains 34 distinct elements, ten real irreps:
trivial singlet 11, non-trivial singlet 1>, eight (faithful) doublets 2;.

Two generators a and b with
a’'=e, b*=e, aba=b.

Representation matrices:
3(11) = b(ll) =1 and 3(12) =1 ; b(12) =-1

wy 0 0 1
a(2,-):( 87 Wi ) and b(2,-):( 10 ) ,

27w

where w17 = e 17 .

For Kronecker products and Clebsch-Gordan coefficients:
Blum, Hagedorn, Lindner, 0709.3450.
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Particle Content: Transformation Properties

Field Dy Zi Field Dy Zi
Q=(Q, Q)" 2, 1 er = (er1, era)” 23 2
Qs 1, 16 er3 1, 9
UR1 1, 13 H., 1, 15
UR> 1; 8 Hy 1; 9
UR3 1, 1 é 1, o0
dr = (dr1,dr2)T | 24 1 S=(5,5)" 2, 16
dr3 1; 7 T=(T1,T2)" 2, 8
L= (L, L2)" 2, 2 U= (U, )" 2 8
Ls 1, 1 W=W,W)" | 2, 12
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Biases from Primary Scan

My |ass| | b3z cos[A(ass3, bs)] |axs] cos[A( a3, b23)]
2 | [0.2,0.7] | [1.1,2.6] [0.4,1.0] - [~1.0,0.0]

4 |[0.2,1.9] | [1.0,4.5] [0.1,1.0] [1.6,4.4] | [-1.0,-0.5]
6 | [0.2,3.6] | [0.8,4.5] [0.0,1.0] [1.4,4.4] | [-1.0,-0.3]

A(rj, si) = Arg(ry) — Arg(su) -
Viable sample points explaining R(D*)) and/or Aa, at 3¢ — Ranges above.

Furthermore impose from p — ey and 7 — uy
1 0.41, my =2 1 0.16, my =2
‘b13‘ 5 I 1.167 ﬁ'lqg =4 and |b23| § — 0.45, ﬁ7¢ =4 .
@3] | 222, sy =6 1333l | 0.6, s =6

Explanation of anomalies prefers |bi3| =

bis — 523% + (’)(AQ)’ smaller than .

Tobias Felkl Flavour Anomalies Meet Flavour Symmetry SUSY 2022 18



R(D), R(D*), Aa,

/
] i
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SM *  2TeV
4 TeV
x 6 TeV
0.20 ; ‘ - .
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Tobias Felkl
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BN T > LeE

1077 v 1079
3 *  27TeV
108 A T Important channels:
7 10764 % 6Tev 2
107 e 7 LD v (N mf/md))

€ 10-7] - e ; 2/ m?
10 Bl i T 10 ‘ | z (N mt/m¢)
2TV »l:: 107° “
11 1 Tev =) Belle 11 Lz
6TV
10-12 o Auomalies 1079 o
Current / _ .
L -==- Future 10-10 Va e &
O BT R T 1670 1079 108 107 107310712107 110710 107 107 1077 o
BR(7 — 3u) BR(7 — 3p)
BR(T — 3 ft)exp o !
—8 Hayasaka et al., Z-pe
< 2.1(0.036) x 10 v
_ 1001.3221; Banerjee et 109
BR(T — peé)ep _g al, 2203.14919 3
< 1.8(0.036) x 10 T
2 2 =
boscssz|® + 0.07|cozca3 7 &
BR(7 — 3u) ~ | | ~7 | | x 10 1071
m¢ ©  Anomalics
—— Current
2 2 H ===+ Future
_ boscsz|” + 0.05|co3e33 _7 12 i
BR(7 — pe€) ~ | | — | | x 10 10 10T 100

m¢ |bas/cas|
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0.35
30 30
0.40 2
20
0.30
_0.35 i _
S} )
= 0.30 &
0.25
o
02 BR < 0.1 - N
. 2 (10) . 2P0
U050 052 054 056 058 U050 052 054 056 058
T,;\I (inferred) [ps] 72\1 (inferred) [ps]
B ke, Buchall 1
M - 4+0.18 eneke, Vuc alla,
=052y, psatlo hep-ph/9601249,
PDG 2022
eXP =0.510"%% psat 1o : 100
HFLAV 2021. .
SM 3
TB a3 bs
o ~1— O.13|A72| cos (Arg(ass) — Arg(bs)) 10"
T m
Bc [
a b 2
+0. 19@ 01
1,
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10! 10!
A
10° S—
10°
S—
gt 2
- Current - —— Current
Future 10~ Future
“rl 3020 10 * 2TeV * 2TeV
4 TeV 4 TeV
6TV X 6T
° Anomalies ° Anomalies
1073 ' . 1072
0.0 05 1.0 15 2.0 25 3.0 3.5 4.0 0.0 0.5 1.0 L

Belle, 1702.03224: Ryx < 2
Belle I, 1808.10567:

R+ = 1.0+ 0.25(0.1)
Rl ~ ~ 1+ Lozl 32
¢
+2. 15|833832\
<f>

7(90%C.L.)

for5 (50) ab™*

cos (Arg(as3)

_ Arg(a32)) 10710

i
0 25 3.0 35 4.0

1070

Aay,

Vi

10~ 11

0.0 00101)2023
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&y CC— TT

Assumption: Lepton flavour conserved for SM couplings

—gl =g g =g"(<0)

45, iy =2
gra/8a" m1—Q 15, rhy= lexsl? x 1074
0.8, riy=6

gTA,exp/giM: 1.00154 + 0.00128 at 10 hep-ex/0509008

Angelescu et al., 1808.08179: Reinterpretation of LHC search 1700.07242 for Z’ in high-pr
TT tails

From top right in figure 4 in 1808.08179 (LHC does not distinguish between chi-
ralities): |y32| = ‘b32‘ < rﬁ¢ + 0.6
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Electric Dipole Moment of the Muon

I
21 FNAL 3 2 1
- 4 lo} g a
|du| < 1.5 x 107 ecm 10
Muon g-2, 0811.1207 10722 1,3
Future searches: /E\ —23 ]
|d.| < 1000 (60) [1] 3
x 107%* ecm L1072
EPJ Web Conf. 118 = 10-25 |
(2016) 01005; 1506.01465; - 2 TeV
2102.08838;
3 —26 4 TeV
hep-ph/0012087; 107" 4
ep-ph/ 6 TeV
hep-ph /0307006 10727 1 ' " & Anomalies
) fi‘ . ,@*\NV S ===- Future
////i\ /5\'7\\\ 00 05 10 1.5 20 25 3.0
o . o 9
= Aay, (x107)

| > _
|du| = 27| m(f);gcﬁ)‘ x107%ec
[

m
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Axial-Vector Z-Boson Coupling to Muons

8un/8A" =
0.99986 + 0.00108 1.0001 ;
_5 o 20 lo
(£6.3)[0.63] x 10
hep-ex/0509008; 2010.06593 1.0000 - Smmmma oo ooooeeaeeas et o
1306.6352; Eur. Phys. J. ST 20
228 (2019) 261 0.9999 {4 1o
S
~ 0.99981
= 2 TeV
0.9997 A 4 TeV
6 TeV
Anomalies
0.9996 1 Future
----- SM(+LFU)

09995 0005 10 15 20 25 30

Aa, (x10%)

23, My =2
Bua/8A" A 1= 08, My =4 b |cs>x107°,
0.4, ry=6
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SM Yukawa sector: Up-Type Quarks (Scenario A)

A A fiz A
My=| X% X' 327 | (H))

fi A2 o\ f33

f2
1-2 X +00")  ZA+0W) AN oM
2
L= | —EA+O(Y) 1= X+00) BN +0(0)
f2
BENTOW)  —ENTON) 100
1+ 00) fufiz N5 4 O(\0) fafsitfufis \12 4 (\12)
f222 f323
Ro=| —22X°+0() 14+ 0()®) 2\ +0(\)
fi1fiof: 9 10 f3 4 6 8
1}2221;3332)\ +O(\19) —%)\ + O(\°) 1+ 0(X°)
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SM Yukawa sector: Up-Type Quarks (Scenario B)

Consider enhancement (M,)13 = fis \* to correctly predict Jcp.

A X AN
My=| qA° fX BN | (H)

fi A2 Fo X f33

1- 55 3+ 00 L)+ o) a3 4 o(\)
L, = ~i2 34 O(N) 1= B2 +00) BN+
(B2-2)x+0(¥) -2Xa+00) 1- %A“Jr(’)()ﬁ)
1+ O(\Y) 2 x° £ O(X%) B N+ O(A)
R, = —% 2° 4+ 0(X%) 1+ O(\®) 2\ 4+ 0(\%)
% X 4+0(M) -2 +0(N) 1+ 0(X®)
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SM Yukawa Sector: Down-Type Quarks

di Xt d N diz )8
Mg=| duX® dnX? dis)? | (HY)
d31 )\12 d32 )\4 d33

d2
1= 33 A2 4o(A?) g2 ?6 +O(\") A+ 0(N?)
La=| -2X4+00\°) 1- %Au(’)(,\s) )2 1+ O(\°)
8 12 dy3 2 6 _dk a4 8
Lo X® + O(N2) AL OO)  1- 2N+ 0N
33
with
Lys = diadhs — di3da
’ dards3 '
1+o(A\?) Ry12 X8 + O(\?) Ry13 A2 +o(A%)
R, — *Rd,12 A8 O(/\12) 14 O(}\8) % A4 + O(/\8)
O()\IZ) _ (d22d23;;d32d33) )\4 + O()\S) 1+ O()\S) )
33
with
R di1diz + doidn _ dudis + dadas + diidss
d,12 = d72 and Rd,13 = 42 .
2 33
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Quark Mixing (Scenario A)

V=L)Ly
2
1- %A%O(A“) —2x+0(N) B2y N 4+ O(N)
2
BATOW) 15 NH00) Ve X+ O
Var A% 4 O(X\%) Vo A2+ 0N 1—1(Va)* X +0(\%)
with p g
Vp=2 8
2T fs ds
and fis s d
Vo= 2 -8 _ T2y,
T dn dn

Jop = Im (Vg V3, Vi Vip) ~ AL,
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Quark Mixing (Scenario B)

V=L ly
2 ~
1- 75 ¥ +00)  —EA+00) (%sz—%)/\3+0(,\5)
2
= yro)  1- 2%% +0(\% — Vi A2 + O(NY)
B3+ o) Va2 A2+ O(\%) 1— L(Val X + O(\%)
ith
" s dx
2T h di

Jop = Im (Vg Vi Vi Vip) ~ 8.
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SM Yukawa Sector: Charged Leptons

€11 )\4 €12 )\12 O(>\12)

Me=| exA® enX exsA (HS)
e X\’ en ) €33
1+ 0(A12) eum )8 4 O(AV) o(A12)
22
Le=| 22X 1000 1- 5 X100  ZA+0N)
22 33
wenen )9 L O(\)  —mAL OO 1- A2+ 00
€5,€33 €33 2e33
1— %)\12 +O()\IZ) %)\6+0()\8) (621e23;32r3e31e33) )\9+O()\11) \
Re = —ZA L O(N) 1= 5(Re2s)®A’ + O(N®) Re23 A3 4+ O()\%)
Re31 A° 4+ O(\1) —Re3 X2+ 0O(NY) 1— 2(Rep23)’ A + O(N?)
with
1
Ress = €22623 Jg €32€33 and Resi = — (6’21632 _ e31)
€33 €33 €2
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Leptoquark Coupling x

T
x=L,

a1

a2

a13
a1

a2
a3
a3l

a32

a33

Tobias Felkl

511 )\9 §12 A12 O()\12) all Ag ai? )\11 ais )\9
521 )\8 522 )\3 §23 A Ld = ani )\8 ano )\3 a3 A
A 8 A 2 ~ 8 2
431 A% A A 433 a1t A’ an A as
N 3
= 411 +o(\%),
dperiexr | dzdhzeriexr | Apeniexiexs  d33dhzerieiens
= - > > 5 - 5 + O(N),
€5 d3zes, €5,€33 dyzes,es3
dxzernexr | dzerieniexs
= ST g T g o),
2 €22€33
= a1+t00N),
N dz [, 43323 d32623 2
= dp - — (223—7) - —— 4+ 0%,
ds3 €33 €33
N a33€23
= i 22 100,
€33
N dppdip  d33diz | A33diodys
= 43— - +0O(N),
dy d33 dopds3
N d33dp3 2
= dp-——+0),
ds3
= a+0(0?).
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Leptoquark Coupling z

a1 X A a3

T o 4 3
Z:LEXL,,: C21)\ C22)\ C23A
3 2
1A’ oA 33
R 2
ar = an+O0N),
a11fi2
2 = ——+0(1),
f22
dpzerienr | d3zerieniens
a3 = -——2 2+ 2222 007,
€2 ©22€33
fi2 N N N N
@1 = ————— (d33e23h3 — dx3e33fz — A32ep3f33 + Apne33fi3)
332133
Az (. d33zex 2
L (e oy
f33 €33
N d3e3 N d3zen3\ fo3 2
¢ = dp— — = (823*7) — +0(),
€33 €33 f33
N d33e23 2
@3 = d3—— +O0(),
€33
fia(d33f3 — d32f33)  fi3
€31 - - — —— a33 + O(AQ) 3y
f2f33 f33
N d33f3 2
g2 = dp——— +O0(%),
f33
R 2
3 = a3+ O(N).
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eptoquark Coupling y

by X® b b3 N’ b A° b\ bz A°
T A 9 A 3 r 3 8 3 3
y=~R. bo1 A7 b2 A7 baz A Ry= | baA bnX’ bxsX
~ < ~ 5 2
b31 )\12 b32 b33 )\4 b31 A b32 b33 A
- 3
bii = b +o(X7),
R b b b
[ byex  bzesn 4 enen +00?),
&0 33 exnes3
- byzen
b3 = bz— —2 40\,
€2
by = [722"121"12 " 133262228232f11f12 N 1332632621 2 Lo,
f5 efs e3fy
- bsa(exnexs + espess)
by = bp-—5———+ on?),
€33
by = bst+o(h),
b3afi1 A
by = —cefe o
2
22
by = bp+o()),
R by
bz = b+ 22 L 0(\?).
f33
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