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one that works

problems with lepton universality
in B decay to ?
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Lepton Universality

e lepton couplings fo gauge bosons in the SM are all the
same

e very well tested, PDB averages:

Y. ¢
W VA Z <
\_‘\m\- 3
- ¢
BWT — utv)
— 0.991 +0.018 .
B(W+ — etv) g (é :“ +“_)) 1.0009 = 0.0028
BW+ — 7t € c
( S T+’/) = 104340024 gy ot
B(W* — etv) BZee) = 1.0019 £ 0.0032
BWE = 77v) 4 o704 0.026 o
B(W+ — utv) 9977 (SM)



first surpriseinb — c 7t v

e apparently the v has a stronger coupling

e at tree level, several possible other couplings

2
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-new W gauge boson with non-universal couplings
- leptoquark - need very specific flavour structure

- charged Higgs, seems a natural explanation but the simple
models do not work



Nothing seen in other meson decay

Exp. (PDB SM

B(K" = m°u*v) 0.6608+0.0029 0.6631+0.0042
B(K™ — metv) Cirigliano et al
B(K™" = e'v) 2.488+0.009(10-5) | 2.477+0.001 (10-)
B(K+ = utv) (Cirigliano et al)
B(rt = eTu(v)) 1.2327+0.0023(10-4) | 1.2352+0.0005(10-4)
B(rt = ptv(vy)) (Marciano, Sirlin)

® no simple models

¢ need to arrange the flavour structure to single out
third family: b, =




proposal

® add a new light neutrino

® needs to be sterile with respect tfo SM to satisfy light
neutrino counts

® needs to mostly appear with a tau lepton to satisfy
observed patterns of LF universality

® one such neutrino already appears in models that
single out the third generation

Phys.Rev. D66 (2002) 013004,
Phys.Rev. D68 (2003) 033011
Xiao-Gang He, G. V.



Model: SU(3)cxSU(2).xSU(2)rxU(1)s-L

e the third generation has an additional SU(2)r

e fermion content

QL (3,2,1)(1/3), Ug®:(3,1,1)(4/3), Dg*:(3,1,1)(-2/3),
Ly?:(1,2,1)(=1), Ez*:(1,1,1)(-2).

Qr:(3,2.1)(1/3), Qp:(3,1,2)(1/3),
L3 (1,2,1)(=1), L%:(1,1,2)(-1).

® one additional light neutrino compared to SM  Lg3
- light to address anomalies

- can have other heavy neutrinos but these will not
play a role here.



Model: SU(3)cxSU(2).xSU(2)rxU(1)s-L

e scalar content:
-Hr (1,1,2)(-1) breaks SU(2)r
-H (1,2,1)(-1) or ¢ (1,2,2)(0) breaks SU(2) to SM
-both HL and ¢ needed to give all fermions mass

- additional scalars with (small) vevs to generate
neutrino masses

et is possible to have a scalar sector that gives
an acceptable neutrino mass spectrum and mixing

e W and W’ mix

Wi =coséywW —sinéy W',
Wg =sinéyw W +coséyw W' .



charged weak interaction
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Single out tau-lepton - and b-quark

e enhance third generation with gr > g.
e perfurbative unitarity: gr = 10 gL
® can accommodate Ars®

IRe | <3103

gL

e From LEP: grMw = g.Mw

®Z' and W’ can be much lighter than in other models
because they evade searches that do not use third
generation fermions

® can be made to satisfy all FCNC constraints, with
room to accommodate deviations of EW strength in
processes that involve a transition between a third
generation fermion and a lighter one.



W<and semileptonic B decay to tau

quark sector

« , W
/ ~d

_ 9L 77 + g -

Lw = = 507" Vi Di(cos Ew W —sinfwv,")

_IR G - + ‘) 4 h
\/§UR’y @DR(SIWM +coséwW,") + h.c,

e two (sets) of parameters come into play
® mixing between W and W'

e right handed analog of CKM matrix



previously worked out constraints

*HFAG-2012
"From b — s 7 = (3.55:0.25) x 104  ~0-0013 < "&w < 0.0027
d; dj, 0", u
2 strongest constraints
from meson mixing
d; di, 0,1

FCNC constraints can be summarised by Vi ~ Obi

with Vi =V, ViV =Vern  this allows us to predict

) 0 0 AN
Ve = (Vrij) = VruiVry) Ve ~ | 0 0 AN
0 X 1

U u
Vth ™~ Veby VRtu ~ Vaub



W<and semileptonic B decay to tau

lepton sector W AN

no interference if neutrino mass <« charged lepton mass

1

1 for ¢
Z ’-]\4lepton|2 X / 9 b .
’Vst‘ for £r. ~ 1 for J=7

N

rotates RH charged lepton o mass eigenstate



Predictions for b to ¢

In terms of the parameter combinations
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note this is ok!

In principle all different, after b — s y all are very similar
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Fig. 2. Differential decay distribution dI"'/dg? in the SM and the fit with the NP contributions as in Eq. (23) for B — D*tv (left panel). Normalized distributions compared to
the BaBar data [2] (right panel). Note how the model prediction for the shape of the distribution (red) is indistinguishable from the SM (blue) in the right panel because the
mixing contribution is very small. (The red curve on the left panel is above the blue curve. In the right panel the red and blues curves are almost indistinguishable.)

e g2 distributions do not differentiate the models
e it R(D), R(D*) F5 =128, F;, = 0.04
e predict R(J/y) = 0.34 vs LHCb

B(Bf — J/ytTvr)

- =0.71£0.17£0.18.
B(BS — J/yutvu)

R(J/¥) =



imposing b > Sy —21x1075Fy,527x107
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The W'

e for the model to address these asymmetries it needs
a W’ with mass near one TeV

® CMS, Phys. Lett. B 755 (2016) 196 search for W’
decaying to tau-lepton, 8TeV, 19.7 fb-,

19.7 o™ (8 TeV)
. E TT | I\“‘I T | T T 1T T 1T T 1T | T T TT | T 1T | T 1T IJ
= \: CMS ]
= \: Limits at 95% CL
3 |
;10 : \\ —— Observed limit E My (SSM) 2 2.7 TeV
. C \ - === Expected limit ]
; \ [ ] Expected limit =+ 16 | O'B(W/ — TV) < 3 fb_1
= \\ [ ] Expectedlimit=2c | ™~
102 G e SSM W' NNLO —
g - \\ ——SSMW'LO ]

e NUGIM benchmark
® N\w' > (2—2.7 TeV)
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adapting the bound

e at TeV masses the tb channel is open B(W' — mv)ssn ~ 8.5%
® in non-universal case B(W’' — 7v)yy ~ 25%

e production cross section is very suppressed

|74
>'\A/\/\/\/W W >\AW Wiy
\'

ud
SR VRud u
gr Vud >/\/\A/\/\/W Wio
d VRud

(10-6)2  (103)2

e NUGIM production cross section similar to SSM



Number of light neutrinos

e there is one light right handed neutrino! why not seen
at LEP?

® basically it has to couple through mixing with Z’

1 « 912%

24 cos2 Oy g2

F(Z — VRSER?)) = f%MZ/

e from Z 77 results at LEP we find <2x107°

R
e,
gr

—-and this makes  T(Z — vpsips) <3 x 1071 MeV

e the limit on new invisible Z decay
- LEP standard result n = 2.9840 + 0.0082

® assumes Lepton universality and no new particles

—direct limit n = 3.00 + 0.08

—implies there is 13.3 MeV error in this measurement so our
right handed neutrino is unobservable by LEP



number of light neutrinos: cosmology?

0.28 for Ho = 68.7155 km/s/Mpc

0.77 for Ho = 71.31,3 km/s/Mpc.

® to explain the anomalies we use an interaction is not
much weaker than weak

e it is Known that ANeff <{

e The W’ can scatter with the new light neutrino and
bring it to thermal eq. with SM particles that could
give ANesr ~ 1

e our model only lets them scatter with tau so the
decoupling temperature is m. whereas Tgsn is of order
1 MeV, so there is a suppression factor at least 0.1

- (g*(TBBN) )4/3
g*(TR)

e safe!



K —- 7 vvon the other hand

Eur. Phys. J. C (2018) 78:472 Eur. Phys. J. C (2018) 78:472
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Fig. 1 New physics with lepton flavour conserving left-handed neutri-
Fig. 2 New physics with one light right-handed neutrino. The green nos. The green line illustrates the case X y real, the red line corresponds
line illustrates the case X real and the pink region illustrates the case to Xy having a phase equal to that of the 2, (central value) and the blue
|X| < 5.5. The purple marks the SM 1o region and the green marks line to Xy having a phase equal to minus that of the ;. For comparison
the 90% c.1. from BNL-787 combined with BNL-949. The red and blue the purple marks the SM lo region and the green marks the 90% c.l.
lines on the boundary of the pink region correspond to a new physics from BNL-787 combined with BNL-949. Finally the vertical dashed
phase given by ¢ + ¢, = (/2 0r37/2) and ¢ + ¢, = (0 or m) red line marks a possible future limit for Bg+ at 1.3 times the SM

respectively. Finally the vertical dashed red line marks a possible future
limit for Bg+ at 1.3 times the SM



and one that doesnt quite work

problems with p in B decay?
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> LHCb tested Lepton Universality using B*—K*ll decays and observed a
tension with the SM at 2.6

Rk =

B(BT— Ktutu™) B(BtT— Ktete)
B(BT— K"J/ (= M*M_))/B(B+—> KT Jfip(— eTeT))

—-o-LHCb -m-BaBar —&—Belle

0- PR PR PR PR R R R
PRI113 (2014)5 151601 0 20

. 2 2 4

- PRD 86 (2012) 032012 q* [GeV/c?]

* PRL 103 (2009) 171801

> Consistent with observed BR(B*—K*up) if NP does not couple to electrons
> Observation of LFU violations would be a clear sign of NP

Simone Bifani CERN Seminar

BR(B = Kp'p™) +0.090
= 0.745" 074 £ 0.
BR(B — Kete™) 0745 Zplo74 =0 0?6
vs 1.00 + 0.01 in SM

Ry =



1-2_| T T T

v i
0 L0

0.8

0.6

- ® LHCh i
0.4 ® SM from CDHMV
i SM from EOS
0.2 ¥ SM from flav.io ] - o

[ LHCb Preliminary & SM ;zi ‘]Cav " - LHCDb Preliminary
O‘O_|||||||||||||||||||||||||||||_ ‘_|||||||||||||| L I
0 1 2 4 5) 6 ) 10 15 20
q2 [Gev2/04] * PRD 86 (2012) 032012 q2 [Gev2/04]

« PRL 103 (2009) 171801

> The compatibility of the result in the low-g*> with respect to the SM
prediction(s) is of 2.2-2.4 standard deviations

> The compatibility of the result in the central-g* with respect to the SM
prediction(s) is of 2.4-2.5 standard deviations

Simone Bifani CERN Seminar



second surprise in b — s p p

e apparently the pn has a weaker coupling that the electron

e at tree and loop level, many possible other NP couplings

W
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SM

effective hamiltonian

4GF

Her =
f
€ —= v
07 — 1672 mb(SO',LWPRb)FM ]
62 —
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010 — 167T2 (S/VNJPLb) (€7M75€),

—= Vi Vi Z CiO;
p055|ble NP + ...
(e T 2mb(sauyPLb)F“”
82
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e assume matrix elements ok, new physics encoded in
the Wilson coefficients, the C;

e perform a global fit to the C;

e Ci can be different for different leptons to break

universality



Global fits
e from J. Matias, Moriond EW 2017:

Global analysis of b — sup anomalies

[Descotes, Hofer, JM, Virto]
96 observables in total (LHCb for exclusive, no CP-violating obs)

@ B — K*up (P12, Py 56, Fiin 5 large-recoil bins + 1 low-recoil bin)+available electronic observables.
@ Bs — oup (P, Pg’e, F; in 3 large-recoil bins + 1 low-recoil bin)

@ B — K*pu, B — K%/ (BR) (¢ = e, 1)

@ B — Xsv, B— Xspp, Bs — pp (BR), B— K*y (A and Sk-.)

Beyond 1D several favoured scenarios

Allowing for more than one Wilson coefficient to vary different scenarios with pull-SM beyond 40 pop-up:
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@ BR and angular observables both favour C'¥ ~ —1 in all ‘good scenarios’.



benchmark

Co” = —Ciy), € (—0.73,-0.48) at 1o

¢ notice that if we have heavy neutrinos N then
b %

MMV H
t AN
W
s AMAMA y

e produces the right pattern in Cq10, resulting in

Co(My) = —CRP (M Z U USNE (A, Aw).



0.401

0.35

numerics

e to get into the lo range one needs

-0.73< C¥P(m_b) <-0.48




in conflict with global fits

10.1007/JHEP08(2016)033, Enrique Fernandez-Martinez, Josu Hernandez-Garcia, Jacobo Lopez-Pavon

e for example conclude that this mixing angle is a few
% at most from LFC constraints

- basic vertices like W » pv pick up the same angles

- constrained from Gr ...
e simplest see-saw model doesnt work

e there are other models that introduce additional
particles into the box-diagram (heavy vector like
quarks) Francisco J. Botella, Gustavo C. Branco, Miguel
Nebot, arXiv:1712.04470 which may work.



http://inspirehep.net/author/profile/Botella%2C%20Francisco%20J.?recid=1643017&ln=en
http://inspirehep.net/author/profile/Branco%2C%20Gustavo%20C.?recid=1643017&ln=en
http://inspirehep.net/author/profile/Nebot%2C%20Miguel?recid=1643017&ln=en
http://inspirehep.net/author/profile/Nebot%2C%20Miguel?recid=1643017&ln=en
http://arxiv.org/abs/arXiv:1712.04470
https://arxiv.org/search/hep-ph?searchtype=author&query=Fernandez-Martinez%2C+E
https://arxiv.org/search/hep-ph?searchtype=author&query=Hernandez-Garcia%2C+J
https://arxiv.org/search/hep-ph?searchtype=author&query=Lopez-Pavon%2C+J

