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e B(B = K™pji)ex +0.11
RME = L SP = 0.69 = 21 (stat) £ 0.05 (syst)
K B(B—) K*ee)exp 2E1.161GeV 0.07( ) (
B(B — Kuji)e,
RY® = (B = Ky ‘_") = = 0.7451009 £ 0.036 ,
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- allowing NP, global fits to b -> s transitions are consistent. ‘
- solutions have a pull ~4-50 w.r.t. the SM and prefer NP in muon cha

B(B — D*1)exy/B(B — D*1%)sy
B(B — D*{0)ex,/B(B — D*t)sy;
RT/g . B(B — DTD)exp/B(B — DTV)SM

b B(B — D&?)exp/B(B — Del_/)SM

R = —1.234+0.07 ,

=1.34 £ 0.17 ,

B!
- theoretical uncertainties largely drop in these

g = BBe = J/VTV) _ 0 17y18)

JIY " B(B. — J/¥lD) [LHCb 2017]



1. no (measurable) LFV in charged lepton transitions

2. LFUV controlled by m, , m, , m;

1. Very well verified, e.g.

in the SM [m, = 0 and Upyys = 1 in this talk]

BR(u™ — e™7) 4.2 x 10~

IMEC]

BR(u™ —etete™) | 1.0 x 10712

[SINDRUM]

2. Well verified in a large energy range, at per mille

Hleptonic fat/muon decays |1 GeV

R7/¢ = 1.0060 = 0.0030
R7/¥ = 1.0022 % 0.0030

but also in many leptonic and
semileptonic light
pseudoscalar decays

[A.Pich, 1310.7922]
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A> 105 TeV
N> 102 TeV
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any violations physics LFV in charged Iep’r
of 1. and/or 2. beyond the SM  closely re!a:c

. can they be made compatible with the existing 1

. any specific LFV/LFUV process to especially mon

we need a concrete framework to answer that. He
- define a benchmark scenario

- discuss deviations from the benchmark



. Benchmark framewor

]
. NP above the electroweak scale £ = A2 Z CiO; + ...,

0O mm, m,=m,~m,=m,
. NP mainly affects the third generation

“ and interaction bas

couplings to lighter generations
[e.g. muons, c-quark, ...]

1

LAp(A) = e (Cl G s _gsL%eéL + C5 @' mq51 _éL”YuTa SL)

(V-A) pattern in NC
supported by global fits

not the only possibility:

-V lepton current (Og operator) by itself provides

- right quark helicities disfavored after R¢~ measurel
- scalar operators are constrained by B leptonic decays-
- tensor operator at A gives rise to scalar operators aj

misalignment be

/ 6 sub-leading operators
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0O mm, m,=m,~m,=m,

. NP mainly affects the third generation

couplings to lighter generations “
[e.g. muons, c-quark, ...]

misalignment b
and interaction bas

, 6 sub-leading operators
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Olcyr Sumensari

(V-A) pattern in NC » 9v,
supported by global fits

g » CNP = — cN Nazila Mahmoudi
not the only possibility:

-V lepton current (Og operator) by itself provides
- right quark helicities disfavored after R¢x measur
- scalar operators are constrained by B leptonic dec
- tensor operator at A gives rise to scalar operators a
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Lyp(A) = A—kzl [(C1 + C3) Ajj driy*ur; Vrxyuvm + (Cr — Cs) Aj; Uriy*ur; €cxyuern +
(Cy — C3) Afj driv*dr; vpayuvn + (Cr + Cs) A%‘ driv'drj Erxysern +
203 (A:;d ﬁLi’}’dej éLk’Y,uVLl + hC) ] .

mixing among generation 0 0
encoded in matrices Aedu  sae _| 92,
A= VgKM)LdVCKM 0 0d,e

C, C
A_E,A_;,ﬁd,ﬂ

both R¢x and Ry can be explained

A=1TeV C3’C1 = 0(1)

¢, =000)=V, (%4 X 9¢2) provides the
PUINS heeded suppression
1, =0(03)=U i Ry compared to Ry




V &
P

‘ R#/e Rp./e

.

(C, +C,)D,9’
' /£ T/
R Ry C.
process parameters size
T 0.7 1 -9
RB,,,W _ B(B; — ﬂ‘lf)exp (C, + C3)ﬁdﬁez 0(0.1) + Tog X 10
B(Bs — ,-‘L,‘L)SI\*I B(B 5 ,U,ﬂ)SM _ 365(23) » 10_9
i B(B = TV)exp/B(B = TV)su v .'
RB/TU " B(B — p)exp/ B(B = p)su C3 0(0 1)
K = - 1 w < 4.3
KO ™ B(B — K®ub)g, (€, -G, O )
B ( B K #) [Glashow, Guadagnoli, Lane 1411.0¢
-
2 ;
B(B — 7*u%) ~ B(B — K1*u¥), |(C1 0(10_6+7) B(B — KT/'L) <48x107°
B(B = K*m*u¥) ~ 2 x B(B — K1)
ptpy- and 7T I
Production at LHC (€, +C) f

Admir Greljo talk




they generate terms that are absent in Lyp%(A) and new processes
are affected

their order of magnitude is similar to accuracy in EWPT and in
other tests of LFU

they are enhanced by logs: log(A2/my?) ~ 57

| | | eﬂ(y,q¢tl)|

0O mm, m,=m,=~m, ~m,
MATCHING
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W R} and RY/¢, ‘
B LFV 7 decays

B Z-pole observables
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B Discussion

. different flavour pattern in 0,3 can help in softening the be
e.g. in recent UV complete models with the vector LQ Ui=(3;;

cancellation/suppression of log effects by contributions of addi
and/or finite correction terms not captured by this approach

[Buttazzo, Greljo, Isidori, Marzocca, 1706.07808, Diluzio, Greljo, Nardecchia 1708.0? ‘
Bordone, Cornella, Fuentes-Martin, Isidori 1712.01368, Barbieri, Tesi 1712.06844,..]

couplings to 2" lepton generation not dominated by mixing fc

£ £ — -
. R;/ RL/,. alone can be explained in present fr‘ame
eg. 34% 1,3, <«< ey, A 25 TeV ‘ loop effect
. R’I‘{/ © RY/‘ alone can be explained in present frcﬂm

eg. 34~ 1,9, 21,A ~30 TeV ‘ loop effects



cancellation/suppression of log effects by contributions
and/or finite correction terms not captured by this app

B vector LQ  Us=(3,1,+2/3)

OZ(q1 ) operators with C;=+C; if g;; #0 gf; =0
- automatically free from p-decay

- realizes the minimal lepton-quark unification within the Pati-Salam
SU(4)
- my 2 100 TeV unless flavour pattern is cleverly arranged

i £ s
. RT/ RT/ alone can be explained in presen‘r

eg. 342 1,93, « ey, AN 5 TeV ‘ Ioop

. R"/e R/t alone can be explained in present f

eg. 341,93, 21, A %30 TeV ‘ loo
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ation to

. among all possible 1-particle extensions of the SM a spe:
enjoyed by scalar LQ that couples to quarks of BOTH ¢

S;=@G3,1,+1/3) R, =(3,2,+7/6)
[not automatically p-decay free]

. contributions to dipole transitions can be chirally enhanc

5&{ F('g 37’ 'g,)/)
1 m{’mtop L R a m3m2
em ¢"top \ L(R) R(L) 2| a. .
167T2 MIZIQ gtf'gtf 2567‘[4 MEQ tf gt{;» | " 4

Bauer, Neubert 1511.01900; Leskow, D' Ambrosio, Crivellin, Muller 1612.06
D5 (P1y3)

P S
- ~




. many models addressing B-anomalies

include S; or R; in their spectrum

[NC anomaly requires special care:
no contribution to b —» s¢*¢~ from
tree-level S; exchange;

Co=+Cyo from R, exchange]

. if LQ couples mainly to top
and 29 lepton generation

. If LQ couples also to top and
3rd lepton generation

__9x1077 (g5, ’
~ (+3%x1079)2 \ g%,

107°(933952)°
M, (TeV)

BR(t — uy)
(8a,)?

BR(Z - ttu™) =

Sa, ~ +3x107° ‘ SBR(Z — ptu~) =~ 10~*

Bauer, Neubert 1511.01900
Chen, Nomura, Okada 160704857
Caio, Gargalionis, Schmidt, Volkas
Becirevic, Sumensari, 1704.05835
Chauhan, Kindra Narang, 1706.045
Crivellin, Muller, Ota, 1703.09226

~ Brltspy]x10°

[S1 + S5]

1.0f 02,
0.8+

0.6/

A3alA32

0.4/

0.2}

0.0!
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Oayx1 o'

[Crivellin Muller.



conclusion

. simultaneous explanation of Ryx and Ry anomalies appealing
it calls for a "low” New Physics scale A %1 TeV, at least in simp

. in this context the inclusion of quantum corrections & O
crucial to asses the viability of proposed solutions

. in the reference case discussed here (NP in 34 genera :
purely leptonic LFUV/LFV transitions are generated anc
constraints arise

Rrle _ B(T — pvid)exp | B(T — pviv)su

a v T B(p— evi)exy/B(pp— evi)sy
a v

e e R/k — B(T—)BVD)QXP/BET_)eVD)SM

B(/J;-)Gl/l?)exp/B ,U:—>8VI7)SM
watch t — 3u k
. Bounds from EWPT and/or tau physics can be softene

- more elaborate flavor patterns in NP and/or
- some conspiracy by UV physics
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Oy = 1 (S27ubr) () Oy = ;- (8RYubR)(£70) Ory = 5mMb(5L0"bR) Fw
a _ a . e o

O10 = E(SL'YubL)(E'Yu'YSe) 0,10 = E(SR’)’MbR) (£7u'75e) O',M = _2mb(3R0# bL)Fuu

\’

"#0 good fits of: > Rk S. Descotes-Genon, L. Hofer,
> Cévp — 11\6p ?é 0 > P's (et aI.) J. Matias, J. Virto (2015)
(8LvubL) (Cryulr) = left-handed current

Altmannshofer, S‘rangl and
Celis, Fuentes Martin, Vicen

traub, 1704.05435;
Virto, 1704.05672; I
ahas and Virto, 1704.05340;




Coeff. best fit lo 20 pull
Ch -1.59 [-2.15, —1.13] [—-2.90, —0.73] 4.20
Cty +1.23  [+0.90, +1.60] [+0.60, +2.04] 4.30
Cs +1.58 [+1.17, +2.03] [+0.79, +2.53] 4.40
Ct ~1.30 [-1.68, —0.95] [~2.12, —0.64] 4.40

Ci =-Cf, -0.64 [-0.81,—0.48] [-1.00, —0.32] 4.20
C§ =-Cfy +0.78 [+0.56, +1.02] [+0.37, +1.31] 4.30

S —0.00 [-0.26, +0.25] [~0.52, +0.51] 0.0
cih +0.02  [-0.22, +0.26] [~0.45, +0.49] 0.1
Cy® +0.01 [-0.27, +0.31] [~0.55, +0.62] 0.0
Cio —~0.03 [~0.28, +0.22] [~0.55, +0.46] 0.1

TABLE I. Best-fit values and pulls for scenarios with NP in

one individual Wilson coefficient.

[Altmannshofer, Stangl and Straub, 1704.05435]

LFU observables
b — spp global fit

~10 — all
' flavio «o 21 ~ =~ all, fivefold non-FF hadr. uncert.
|
-20 -15 -1.0 -05 0.0 0.5 1.0

il

Re O
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[Rilpe) =~ 1.00(1) + 0.230(CYF , +Ch,, ) — 0.233(2)(CNE. . +Clou—) s

Qu—e 10pu—e

,+0.55(6)C"

L&

[Ric-Jjp.04s,1.1] = 0.92(2) + 0.07(2)Cq,, . — 0.10(2)Cq,, ., — 0.11(2)Cy,, . + 0.11(2)C1g,, -

[Ric-]j1.1,6) = 1.00(1) + 0.20(1)Cq,,, — 0.19(1)Cq, . — 0.27(1)CTy,, . + 0.21(1)Clg,, .. -

Qu—e 10p—e

[Celis, Fuentes Martin, Vicente and Virto, 1704.05672]




Semileptonic operators:

Leptonic operators:

-Oqe- pr

O prst = (B pvillr) (Tprdlr)
O Nrst = (B pyumer) (T 70l
Orulprst = (Z;)L’}'uerL) (@, " usR)
Oudlprst = Eor1ubir) (dopydir)
st = (G 7u9r) (Eipr eir)

[Oelprat = (Crvulir) Capylir)
[Ore)prst = (ZLL'Ype;-L) (E:rY'eir)

Vector operators:

Hadronic operators:

(¢ 35)90) ( L’Y#

- sozﬁﬁso) ( Wrae',-,)
. = (w*iﬁlcp) (@ Yu91)
0], = (¢'iDlg) (Z,7umd.r)

04 lprt = (@7u91) (Trr*ain)
:Ogg):prst = (cj;)L'ypT“q:.L) (@ mq;r)
O |prst = = (T Vudrr) (TsrY %r)
Of,d)]prst (@) (dipy dig)

Table 1: Minimal set of gauge-invariant operators involved in the RGE flow considered in this
paper. Fields are in the interaction basis to maintain explicit SU(2) x U(1) gauge invariance. Our
notation and conventions are as in [26].

_\




95Lr = 9f1r+ AdsLR =gig' + Ageg
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/&2162
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_A216 2(

(39101 93Cs + 32 Nia(C1 + Ca)) X

1 €
39101 + g2Cs + 3y Ny 3(Cy — C;,)),\ij




Qi §i
(BiryVin) (e var) | A5 Oxn [—6Y7 A53(C1 + C))]
Tizvuvie) (Excy ens) | Afj Okn [362(C1+ 3C3) — 12 (—3 + s5) Y7 N43(Ch + Cs)]
+0ij Mg, [—6y7 A% (C1 — C3))]

(Birvuvie) (ExrY enr) | XS Okn [3€%(C1 + 3Cs) — 12 53 42 M4y (C1 + C3)]
(Eivuesr) (Brry'ens) | A5 Okn [5€°(C1 — 3Cs) — 12(—5 + 83) 4i A3 (C1 — Cs)]
(Eivueir) (ExrY enr) | Af Okn [36%(CL — 3Cs) — 1255 yZNy3(Ch — Cs)]
(Tizyuesr) (Exr¥*Var) | (A5 Okn + 0ij M%) [—1297 X555

Table 2: Operators @; and coefficients &; for the purely leptonic part of the effective Lagrangian

LY. We set sin® Oy = sj.



Qi &,
(ZivwiLn) (Tep¥*var) | 0
(Tiryuvic) (ExyHen) A Okn * se? [(01 +3C5) — 2(Cy + C3) (A% log ¢ + AL log )
+(Cy — C3) A%, log m]
(Eivuejz) (Bxy'en) X, Ok - 5€° [(Cl —3C5) — 2(Cy — C3)(\Y log ™ + AL, log )
+(Cy + C3) My log 7}]

Table 6: Operators Q; a.nd coefficients §¢; for the purely leptonic part of the effective Lagrangian

JLle?D We set A% = A%%/log T




Field | Spin | Quantum Numbers Operator C, | C4
Ay 1 (1,1,0) av gy, Lty -1 0
Aj 1 (1,3,0) ayiregy Lyl | 0 | —1
Uu | 1 (3,1,+2/3) ol bnwd, | —3 | <3
Ui | 1 (3,3,+2/3) Tl bnrtd | -3 |+
S 0 (3,1,—1/3) 3 ic%l io25q, | +1| -1
se | 0 (3,3,-1/3) | g0 i0205req, | +3 | +1

Table 11: Spin zero and spin one mediators contributing, at tree-level, to the Lagrangian L% ,(A)
of eq. (7). Also shown are the operators they give rise to and the contribution to the coefficients
C) and Cj of the Lagrangian £ 5(A), when a single fermion generation is involved.




onclusive NP signal from individual measurement f
nificant discrepancy from the SM predictions con
ind/or global fits

other hints of LFU
violation _

e-y universality \ up2013 4 560
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DHMZ —a—i
180.2:4.9

proton charge radius [fm]

HLMNT R
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New (g-2) exp. ol
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T-e and T-p universality
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a 11 659 000 (10")

2BW* — ;)
BW* = etv.) + BWT = ptu,)

= 1.067 = 0.029 .




