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~ Hints of violation of LFU ins w

NC b ->s [1-loop in SM]

[see talk by Marta Calvi]
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- allowing NP, global fits to b -> s transitions is consistent.
- solutions have a pull ~4-50 w.r.t. the SM and prefer NP in muon channel

CC b ->c [tree-level in SM] .
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- theoretical uncertainties largely drop in these
[

Rz1 ‘ violation of LFU and New Physics



conclusive NP signal from individual measurements
significant discrepancy from the SM predictions co
~ and/or global fits

| other hints of LFU .
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both NC and CC anomalies can be explained by NP occurring
(above the EW scale) purely in V-A combinations

< 7 4 not the only possibility: "
(SLyMbL ) (ML)/ ) ) V lepton current (Ogy operator) by itself
tensor operator vanish at LO when SU
scalar operators are constrained

(gLyubL ) (fLyMVTL ) right quark helicities disfavored
. the two operators are related by - SU(2), gauge inva
- tfransformations i
This suggests to start - (V-A) _ _
from operators - SU(2)xU(1)-invariant

- involving only the 3rd generation

0;}’3) = (q'u 7,.A q'3L)(z'3L VMA€'3L) A

couplings to lighter generations “

- welcome since small mixing angles can suppress the
compared to Ry, as in the SM |




LY p(A) = A—’;l [(C1 + C3) N triv"ur; Vrayuvm + (C1 — Cs) A triv*ur; ecxyuen +

(Cy —Cs) Afj driy*dr; vpxyuvi + (Cr + Cs) )\% drivdr; Erxyuer +

20, (A:;‘jd uriY'dr; epxyuv + h.c.) ] (limit of massless neutrinos)

mixing among generation 0 0
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both Ry and Ry« can be explained
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- Constraints from quantum effec

Lip(my) = Lip®(A) + quantum corrections
. How can quantum corrections ~ o/41t ~ 10-3 be r'elevan ~

» they generate terms that are absent in L\,°(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(A®/my,?) ~ 5-7

in the present framework - (V-A) semileptonic operator
dominated by electroweak interactions. They can be es
running and matching procedure. Here, Leading Log effe

L' (g=tD),  L(Z,W,y,H,qh 2, (A)

¢

0O mm, m,=m,~m, =m,
MATCHING

\-



€RUNNING
Leﬁe(Z,W,)/,H,q,l)

N
| | l ILeﬁ”(y’q#tal) |

0 mm, my, =m, =m, =m,

Z ar (Cl —0.8 C3)
A o 10004

[ / v, (Cy — 0.8Cs)
l iL JL Ve =005 A2(TeV?)

A a./a. = 1.0019 (15)
)

v /ve = 0.959 (29)

(Cy +0.8C3) o
. N, ~ 3+ 0.008 Kz (TeV2)3 . B( — pr )~ 1077
N, = 2.9840 £ 0.0082 B(Z = p*7%)exp < 1.2X107°




| Y| e

0 m.m,

C s €

Rrle — B(T = pv0)exp | B(T — ) sm r i
" T Blaoede/Bureds: o 0.008C; R7/¢ = 1.0060 = 0.0030
prtie — B> ev)uy BT = evi)s A2(TeV?) R™/* =1.0022 £ 0.0030

T B evi) e/ B(u— evi)sy

_ 0?2 /U2
Br - 3 coxa0 G20 ()

(0 —130y)2 (U2
B(t — up) ~ 5 x 10 s /1\4(TeV4)3) (0.3) B(t —>up) <1.5x 1078

‘,-'F _ 2 19‘ 2
B(t — um) |~ 8 x 107® (1(\;;1 (Tegfi)) (0 ;) B(r — pr) <2.7x 1078




¥

¢ and R’gﬁ)
W LFV 7 decays

W Z-pole observables

vy ll/e
B Ry and R,

B LFV 7 decays

B Z-pole observables
B R:/” ]
m Al

0.20:

P T T T S T TS S S YT S

1.25 1.30 1.35 1.40

001.6)55 110 1.15 1%1;2/;;) 1.25 EO 135 1.40 i 1.05
» . 7/ D(*)
the killeris  R7/" | LFV be

0.0
1

1.6 T T T T T T T T T T 1§ T T 10_4
L w ]
15L R ., anomaly Q20 - — i
[ 2% i ¢ =0 | B( B—K TM) — Experimental bounds
14+ — _01203 . mCi=0
? 1.3 | /é\ H Cl = 03
Nt L s k
D 1.2+ 5 T
a s 11F 7T T e T ] )
I | —
1.+ 4 H
L 7/t ]
0.9 - ]
L Q20 _
08 1 ] 1 ] 1 1 1 1 1 ] 1 |
092 094 096 0.98 1. 1.02 1.04 1.06

y RT/¢
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- Discussion

. log effects discussed here can be cancelled/suppressed by fini’r
not captured by this approach [require knowledge of the complet

. the starting point adopted here can be generalized by allowing
invariant operators at the scale A, making it possible cancellat
of log effects |

different generation pattern in O,,(13) can help in evading th
. most of flavour schemes adopted in model building - U(1)gy,
Compositeness - prefer NP coupled mainly to third generat

T/ £
. RD/ RTD/' alone can be explained in present frame‘
eg. Hr1, I« Ax5TeV ‘ loop effects
. Rﬁ‘(/ © RYS  alone can be explained in present framev

eg 9,71,9,~1, A~30TeV ‘ loop effect



conclusion

B anomalies extensively studied in literature
simultaneous Ry and R+, explanation is appealing

. the estimate of quantum corrections is crucial to asses
of proposed solutions |

. in the example discussed here (NP in 374 generation
purely leptonic LFUV/LFV transitions are generated
constraints arise

. this is not a no-go theorem:
- ways out are possible but require some conspiracy by |






Coeff. best fit lo 20 pull
0/ -1.59 [-2.15, —1.13] [-2.90, —0.73] 4.20
cly +1.23  [+0.90, +1.60] [40.60, +2.04] 4.3
Cs +1.58 [+1.17, +2.03] [+0.79, +2.53] 4.40

e ~1.30 [~1.68, —0.95] [~2.12, —0.64] 4.40

C§ =-Cif, -0.64 [-0.81,—-0.48] [~1.00, —0.32] 4.20
Cs=-Cty +0.78 [+0.56, +1.02) [+0.37, +1.31] 4.30
Ccyt ~0.00 [-0.26, +0.25] [-0.52, +0.51] 0.0¢
clk +0.02  [~0.22, +0.26] [~0.45, +0.49] 0.1
Cy® +0.01 [-0.27, +0.31] [-0.55, +0.62] 0.00
Cis ~0.03 [~0.28, +0.22] [~0.55, +0.46] 0.1

TABLE 1. Best-fit values and pulls for scenarios with NP in

one individual Wilson coefficient.

[Altmannshofer, Stangl and Straub, 1704.05435]
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[Celis, Fuentes Martin, Vicente and Virto, 1704.05672]




BaBar had. tag H :
033220024 0018 : _——

Belle had. tag : :
0.293 = 0.038 £ 0.015 : ~—

Belle sl.tag : :
03020030 £0011 | "~ &

Belle (hadronic tau) :
0.270 £ 0035 = 0027 ' -

LHCb : :
0336 2002720030 | : -

LHCb (hadronic tau) | :
0285+0019£0029 +——*——

Average : s
0.304 = 0.013 = 0,007 : "

S.Fajfer et al. (2012)
0.252 + 0.003 b
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individual measurements are compatible
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Semileptonic operators:

Leptonic operators:

O vt = Epvilir) (@ dlr)
O oret = By 1y r) (T 70
O, prst = (Z;L’Yue ) (@ry uR)
Oudlprst = Corubir) (dopydyp)
Ogelprst = (T,17.9.1) (E.p7"€R)

[O&?]prst = (Z;)L’YME:'L) (Z;L’Y“Z;L)
[Ole]prst = (Z;)L'Yne:-L) (E.rY"€iR)

Vector operators:

Hadronic operators:

:Oge]pr ‘PTZ(E) ‘P) ( L’er'rL)
0, = (p1iDle) (77,722,
O e = (¢'iDp) (@17ud.r)
09),. = (¢'iDly) (@ )
YHglpr = (o uP qu’YuT )

(1

O lorst = (@ vudlr) @r7dlr)
'053’]mt = (@, uTd) @y Tog);)
1

O orst = (@ Yurr) (WepY usg)

.Oc()d)]P"‘St = (qu’Yuqu) (dsR’Y dir)

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].

_\




9fL.R = Qfﬁfn + AgsLr 9tq = gf,f;w + Ageg

'02 L 1 u e

‘U2 L 1 2 2 2\ u e
(39101 + 92C3 + 3y; A33(C1 — 03))/\ij

~ A21672
(97C1 + g3C3) A}




Qi &i
(BirvuVin) (e var) | A Oxn [—6Y7N53(Cy + Cs))]
(Tievuvin) (Ekpy ens) | A Okn [36%(CL+3C5) — 12 (—3 + 83) yi N5 (C1 + Cs)]
+0i; )\in [—6y; A43(Ch — C3)]

(Tivuwvie) (Bkry“enr) | XS Okn [5€2(Ch + 3Cs) — 12 83 y2M45(Ch + Cs)]

(@ vuein) (Bery enr) | A5 Okn [5€*(C1 — 3C3) — 12(—3 + 83) Y7 Mj3(C1 — Cs)]
(@zvues) (Bkry enr) | X5 Okn [5€*(C1 — 3Cs) — 125547 A33(C1 — Cs)]
(Tizyuesin) ExrY*Var) | (A5 Okn + 055 M%) [—1297 X555

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

LY. We set sin® Oy = sj.



Qi 6&;
(TiLvuvin) Ok y*vnr) | 0
(Firvavin) (@7"en) | A 0kn 4€% |(C1 +3C5) — 2(Cr + Cs) (M log ™ + A log ™)
+(Cl Cs)A log ]
(Eirvuejr) (Bxy'en) A Jkn e [(C’l —3C3) —2(C — C;;)()\“ log i + A 5 log %ﬂ)
+(Cy + C5) A%, log 7}]

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

520, We set Xy? = M7/ log ™,

eff




Field | Spin | Quantum Numbers Operator C, | Cs
Ay 1 (1,1,0) av q, Oty -1 0
4| 1 (1,3,0) v, Bty | 0 | -1
U, | 1 (3,1,+2/3) o bng | -3 | 3
Us 1 (3,3,+2/3) giyrely, boyurigl | — 2 +3
S 0 (3,1,—1/3) q,ic%l io25q, | +1| -1
Sa 0 (3,3,—1/3) g, 0%l ia2£’iraq'L +§ +i

Table 11: Spin zero and spin one mediators contributing, at tree-level, to the Lagrangian £, ,(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 L} »(A), when a single fermion generation is involved.




