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Lepton Flavour Universality violation

LFUV tests in LHCb
Charged Current : b > ctv decays (t vs p)

Neutral Current : b > s ¢ decays (e vs )
Theoretical interpretation(s) of LFUV present hints
Potential link with Dark Matter

LFUV prospects in LHCb
Conclusion
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Flavour physics in the SM

» Some key assumptions
o Lepton Universality
o Lepton Number conservation
o Lepton Flavour conservation (only for charged leptons)
o Baryon Number conservation
o FCNC suppression

» Many many free parameters:
o Quarks and leptons masses

o Lifetimes
o CKM and PMNS matrices

» "Ugly ” but works damn well !!
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We need to search for the profound difference
between the three leptons!

From G. Isidori, talk at HC2NP , Tenerife, 20

Identical, save for mass (“lepton universality")

But perhaps not

Perhaps they are different
they feel different forces
ie, they transform differently under the underlying

(UV) gauge group

They appear the same because of accidental symmetries

We just need a bigger microscope
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LFUV tests in charged current
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First R(D*) measurement from a difference source
than B factories

3D Fit to the muon distribution in (M, E,, q3)

R(D*) =0.3364+ 0.027 + 0.030

s

Compatible with SM expectation (0.258+0.05)
but larger as all other R(D*) measurements so far...
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Measurement of B°>D*tv with Tt 537 decay

LHCb-PAPER-2017-017, LHCb-PAPER-2017-027
PRL 120,171802 (2018)/PRD 97,072013(2018)

Vertex topology of usual
B decays in D*3n(X)
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Key requirement: detached 37 vertex
LHCb-PAPER-2017-017, LHCb-PAPER-2017-027
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LHCb-PAPER-2017-017, LHCb-PAPER-2017-027

Fit results

PRL 120,171802 (2018)iPRD 97,072013(2018)
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» A BDT is constructed to distinguish
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» The increase in signal purity (red) as
function of BDT is very clearly seen,
as well as the decrease of the

1000 1500
min[m(x x*)] [MeV/ef)

The 3D template binned likelihood fit
results for lifetime and g2 in four BDT

Max(mass(n*n-))

y

P + LHCH simulation
o 025 .
= + Signal
r o0 + Background
et
= 015
z t e
S 01
= -
m . *
0.05F «°, L.
...‘
- -,
1 Bestt e " S00ne
S00 1000 1500 2000 2500 1]

max|[m(x a*)] [MeV/e?]

J4




R(D)-R(D¥*) results

BaBar (2012), had. tag
0.332+0.024 +0.018

Belle (2015), had. tag
0.293 £0.038 £0.015

Belle (2017), (had. tau)

0.270£0.035 £0.0Z7

Belle (2019), sl.tag
0.283+0.018 £0.014

0.336 £0.027 £0.030

LHCb (2018), (had. tau)
0.280%0.018 £0.029

Average
0.295£0.011 £0.008

SM pred. average
0.258 £0.005

PRD 95 (2017) 115008
0.257+£0.003

JHEP 1711 (2017) 061
0.260 £ 0.008

JHEP 1712 (2017) 060
0.257 £0.005

HFLAV

LHCb (2015), (muonic taik
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Dark Matter workshop, DESY, June 3rd 2020

0.4
R(D*)

R(D¥)

0.35

0.3

0.25

0.2

Present discrepancy with SM : 3.08 ¢

[ HFLAV average

Ax* = 1.0 contours

[ LHCb15 N
C BaBarl2 ]
C LHCH18 .
C ¥ Boler —— _
B Bellel7 N
— + Average of SM predictions HFLAV

= R(D) = 0.299 + 0.003 Spring 2019 |-
B R(D*)=0.258 £0.005 P(XZ) =27% 1
B L I L L L L I L L L L I L L L L I L L L ]

02 03 04 05

R(D)




LFUV tests in neutral current B decays

Rare b-hadron decays

e FCNC sensitive to indirect effects of New Physics (NP) in loops
o branching fractions, angular distributions, etc.

e Access to much larger scales than direct searches
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Ry and Ry results from LHCb

Intriguing deviations in rare B decays

dP(B—>Hu ) 4
Lepton Universality (LU) tests Ry = f dP(B_}HeJre )d .

PRL 122 (2019) 191801 IHEP 08 (2017) 050
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Crucial to add more data and measure LU in other modes
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First LFUV test with B baryons :
measurement of R y using A,>pK¢"¢
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R(pK) results
J. High Energ. Phys. 2020, 40 (2020)
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A unique mediator can explain all anomalies !
a vector leptoquark with mass in the TeV range

G. Isidori — New prospects for BSM physics

» General considerations

Which LQ explain which anomaly?

HC2NP 2019, Tenerife

"‘accompanied by (at least) a Z'

N Alonso, Gristein, Camalich '15
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Dark Matt “seo T wideliterature __o*”
LT - "

[
./ Being a massive vector, U requires
' an appropriate UV compl. — always

’

Model Rew) | Rpee) || Rice) & Roce) There is one clear winner [U{]...
S51=(3,1)_ X v X . .
0 1= 1)-1/3 ...but the single-mediator case
= Ry = (3,2)7/6 X v X 1s definitely an over simplification
Al Ra=(3,2) /6 X X X [as we learned in the last ~ 2 years...]
S53=(3,3)_13 | V¥ X X
E Ur = (3,1)3 v v v 3 interesting options:
SloUs=(3,3)ys | v X X
',v" ------- i ------- — —
+ » Uy +colorless-vectors  * » S1& S5

Good option for
the EFT “pure-LH”

solution

Crivellin, Muller, Ota '17
Buttazzo ef al. '17

Marzocca 'l8

V
*» Ry & S3
GUT-1nspired option for
EFT solution including
also RH currents
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Large litterature devoted to links between B
physics anomaly and Dark Matter

» Many references can be found in a recent paper by

D.G. Cerdeno et al., arxiv:1902.01789
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Lepto-Quark portal to Dark Matter,
Soo-Min Choi et al.,
JHEP 10 (2018) 104, [1807.06547].

Scalar Dark Matter particle mass vs
couplings in leptoquark model
consistent with the B anomalies

" Lot of parameter space still available.

Future experiments such as Xenon 1T
(blue) can test these types of models
(The red and black solid lines
correspond to the correct DM relic
density)
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LFUV Prospects in LHCDb :
a very large comprehensive program

» More statistics

o Full Run2 dataset ( 6 fb')= ~6-10 times Runi1 dataset (3 fb™!) (higher
energy- better trigger conditions)

o Future statistical precision on R(D*) 2-3 % range

» More particles
o CC muonic : R(D°)-R(D*), R(D*),R(A,),R(pp),R(D,),R(J/vy)
o CC hadronic: R(A,),R(D**),R(J/vy),R(D°),R(D*),R(D,)
o NCR(¢), R(1)
» More informations
o D* polarisation
o Limits on NP through effective Wilson coefficients

o t polarisation
O ...

N
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LFUV violation hints still present in charged current and
neutral current B decays

Recent result from LHCDb : Ryx|y;..2c6cevzyer = 0.867 17 £ 0.05

No stones are going to be left unturned in the next
coming years! With all tools in hand, a definitive answer

on the present anomalies could be given before the end
of the decade!!

Very interesting theoretical ideas coming up from the
current anomalies, giving an exciting coherent picture
(too good to be true?)

Potential links with Dark Matter being actively explored!
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Important consequences for the channel pp—> 1tz

G. Isidori — New prospects for BSM physics HC2NP 2019, Tenerife

» 4 “consistent” simplified model for the U,

The presence of RH couplings leads to significant differences at high-py:

Regions favored
by the anomalies
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