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EFT for 7 decays
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LEFT - SMEFT matching (tree-level):
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Relevant couplings: U,
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Relevant couplings: H & Z’

New Yukawa couplings between VL fermions and RH 3™ generation:
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4321 - SMEFT matching (@ 1-loop
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4321 - SMEFT matching (@ 1-loop

2. Contribution to C,, :
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SMEFT - LEFT matching (@ 1-loop

1. Contribution to L ;"
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Eftective NP scale
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Need for O(10~*) LFU tests to
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exclude/confirm the model
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Z-coupling modification

L:g;fz) 92 [QEZL (ZYMPLK) -+ gfe (Dg’}/MPLVg)] Z,u

Cw

_ _ _ <
Oas = (Lauls) (H'iD"H),

_ _ — <
Oi)ap = (Layuo'ts)(HiD o' H)

v° 1 3
397, (1) = =5 {[Cilee() = [Cee(w) |
0% 1 3
397, (1) = =5 {[Clillee() + [Clee(i) §
0g,, 6g,"
59€ZL }Y_ =0, 7 .SM WESM
Ve Y_ =0 l Y_=0
7 2
gVSTM = N;" -2
gu, Neft

(N — 2)yp = 0.9840 % 0.0082

1.000 -

0.995 -

0.980 -

0.975 -

é} “,“,mfiei/////

////4/
LL result

/////

7

010 015 020 025 030 0.5
2 2
TQ = mg/my;

Universality violations in tau decays

0.40

0.45

0.50




Summary & Outlook

A general EFT approach implies that the b — ctv anomaly implies a decrease
of the effective W-boson coupling to t leptons in the few per-mil range.

* The inclusion of vector-like fermions, motivated by B-physics data, can lead
to sizeable modifications of the EFT results.

e The same contributions lead to a modification of the Z-boson couplings to
neutrinos

o Need for O(10™*) LFU tests to exclude/confirm the model

THANK YOU!
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What 1s Lepton Flavour Universality (LFU)?

In the SM:

o £ SM — A gauge > LFU: Interactions of e, u, twithy, W, Z

+Z Higgs+Yukawa >  LFUV: Interactions of e, u,  with H

e LFU breaking is small: y, ~ 1072

Hints of LFUV:

Beyond the SM.
e b — sCC

e New Physics may distinguish different lepton species * b—ctv

transitions

Nudzeim Selimovic Universality violations in tau decays



B-anomalies: a quick review

e 7/puand 7/ e ~ 3o deviation e ul/e ~ 4o deviation
in b — c7v charged current in b — s neutral current
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W
b s b +/ +
W ‘)'Z /\/]«,\7@ /V €

27/“6 /“-/e,‘

e Treelevel in SM * Loop level in SM

Combined explanation ingredients

1. Approximate U(2)° flavour symmetry 2. Uy ~ (3,1)y3 vector leptoquark

[D. Buttazzo, A. Greljo, G. Isidori and

R. Barbieri, G. Isidori, J. J -P , P. Lod :
[ arotert SLaon ones-reres oaone D. Marzocca, arXiv:1706.07808]

and D. M. Straub, arXiv:1105.2296]
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Loop functions

Bo(zq) = logzq/(1 — 1q)
1 —xo + logxg

Bl(zQ) — (1 - zQ)Q
rg — 15 + x5 log g
Balre) = 41 —2q)?

F(zo, $g) = Bi(xg) — Ba(rg) — tan? EBQ(zg)
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U~ (3,1,%) LD LUl [Bi(q51uls) + Bic (dpyuess)]

Minimally broken U (2) structure:

Data well described with

27 =1 Benchmarks:
%T ~ O(1) . 6%’_ — 0
PY b’T - b7' .
27-7 %LL ~ O(Ol) |5R ‘ — ‘51/ ‘ =1

HBIT ~ 0(0.01)
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Scenario Ax? Parameter best fit lo

Cy 0.010  [0.007,0.017]

min. U(2)5 breaking o —0.15  [—0.26,—0.02]
dr * X QST 08.6

(BL" = Via/Vis L) o7 0.19 0.10, 0.25]

o 0.014  [0.004,0.14]

no Ri““fgents Cy 0.011  [0.007,0.018]
(P =0) e ~0.14  [—0.25,—0.02]

5T 0.19 0.11,0.24

BY free 59.5 " | |

3 0.013  [0.005,0.125]

Vi [V BET| 0.11 [0.04,0.24]

arg (Vi /VB9T) 04w 0.0,0.5]

Cy 0.004  [0.002,0.006]
min. U(2)® breaking bu —0.21  [—0.26,—0.16]

dr - X QST 54.0

(BL" = Via/Vis BT ST 0.21 0.12, 0.26]

e 0.03 [0.01, 0.04]

max. Ri Curlrents Cy 0.005  [0.004,0.007]
WPg ==1) o ~0.21  [—0.25,—0.14]

o7 0.21 0.15,0.26]

Bg'r free 56.7 f j j

e 0.02 0.01,0.07]

Vi Vi BET 0.24 0.13,0.34

arg (Vi /VyB97)  —0.67  [-0.7,—0.5]7

Nudzeim Selimovic Universality violations in tau decays



p

Uy~ (3,1,%) LD g_\/%Uf B (@pvuly) + B (dryuek))]

Minimally broken U(2) structure:

0 0 p9" 0 0 0
Br=10 p* pBs" br=10 0 O
0 B BuT 0 0 BY

* 51@:3 + 071" — Rp,Rp+,b — 87T

e B + 83" — Ry, Ry

o /B%TR+ﬁZMHb—>STM

Nudzeim Selimovic Universality violations in tau decays



