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Introduction Lepton Flavor Univer

Particle Physics Today

» The Standard Model
leaves many questions

» Why do we have three
generations of leptons
and quarks?

» Hierarchy, masses, 22
free parameters

Simon Wehle (Deutsches Elektronen-Synchrotron)

1 and Outlook
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Particle Physics Today
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Credit: W. Altmannshofer, The Flavor Puzzle

» Can we find New Physics to understand the structure of the SM ?

» With flavor physics we soon might be a step closer..
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Flavor Physics around the World
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The Flavor Anomalies Overview

There are actually many tensions with the SM...

> 3.50 enhanced B — D)7 rates
3.30 suppressed branching ratio of B; — (/)/ﬁ/F
~ 30 tension between inclusive and exclusive determination of | V|
~ 30 tension between inclusive and exclusive determination of | V|
> 8¢ anomalies in angular distributions of B — K* (¢
2.60 lepton flavor non-universality in BT — K+,u+,u* vs. BT — KTete™

2.50 lepton flavor non-universality in B> — K*ut 1~ vs. B — K*%eTe™
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The Flavor Anomalies Overview - Branching Ratios
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Complications - Doubts

Optimist’s view point Pessimist’s view point

» Although, overall uncertainty on b — sf{ form-factors decreased —
significance of anomalies increased
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Lepton Flavor Universality

» Fundamental in of the Standard Model
> Very well tested

» Clean observables

> Only new particles can lead to LFU violation

Simon Wehle (Deutsches Elektronen-Synchrotron)

[m]




Lepton Flavor Universality Lepton Flavor Universality & Rare B Decays

Lepton Flavor Universality in Rg*)

(+) B(B — D(*)TV)

RV —
D
B(B — D) puv)
» Tree level decay S b W T
» Theoretically very clean " c v

observable

» Neutrinos in final state
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Lepton Flavor Universality in RE,*)
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Lepton Flavor Universality in Rg*)

— — T
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» Tension with SM > 40

> 30% effect against SM for taus in tree level decays
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Introduction Lepton Flavor Universality Discussion and Outloo

Rare b — s transitions

B(BT — Ktutu™) B(B® — K*utu™)

RK — R* f—
B(BT — Ktete™) K™ B(B® — K*ete)
d d
B(] K*l)
; 6T ) » Theoretically very clean
T T §
D! » Uncertainties from form
‘ ve ! factors cancel in the ratio

> Control mode B — J/1), K(*)

o+
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Experimental Results for Rk
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» Consistent experimental results
» Updated Belle result in preparation
» Possible results for R;® and Ry "

> 25% effect against SM for muons in electroweak penguins
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Angular Analysis of B — K*/{£

[ Generator Distribution
/¢ Sideband
W (25) Sideband

0 5 15 20

&[GV /e

The observables are depended on q2 = M? bo—
The differential decay rate for B — K*¢+ £~ can be written as

! a'r -9 E(1 — F1)sin? O + Ficos? 6,
dr/dq? dcosf, dcosfx dp dg? ~ 327 |4 t KT K

1
+ 1(1 — F1)sin O cos 20,
— F1cos? B cos 20, + Sy sin? O sin? 0, cos 2¢
+ Sy sin 20k sin 20, cos ¢ + Ss sin 20k sin 6, cos ¢
+ Sgsin® Bk cos B, + Sy sin 20 sin 6 sin 0]
+ Sg sin 20 sin 26 sin ¢ + Sg sin? O sin® O, sin2¢ |,
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Result Pg - Result for Combined Data

2.0
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» Measurements are compatible with the SM
» Similar central values for the P anomaly with 2.5¢ tension
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Lepton Flavor Universality in Angular Observables

» Test lepton flavor universality

» Observables Q; = P!' — P¢, JHEP 10,075 (2016)

> Deviation from zero very sensitive to NP

15 T T T 15 T T T
3 SM from DHMV
10l [ NP Example 10| B
05 Bl 05 ——— Bl
1
S 00 S oo
-05 ‘ e -05 e
“Lor ] “LOF &= M from DHMY ]
[ NP Example

15 . . . 15 L L L

0 5 10 15 20 0 5 10 15 20
¢? [Gev2/ci] ¢ [GeV? /e

» Published recently in Phys. Rev. Lett. 118, 111801 (2017)
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Effective Hamiltonian Approach

e i=7 : photon
F ’ v i=9:
thy; § (Cioi + (I((gg) i=9 : vector current
\/§ - 7\ \ i=10 : axial-vector current

i
left-handed part  right-handed part i=S,P : scalar, pseudo scalar
suppressed in SM operators

Hett = —

» The b — s/{ decay can be described by an effective field theory
» Model independent description:

Herr X Z (C,SM + CINP) - O
i

(@ O () O'gand Oy,
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Fits for New Physics in Wilson Coefficients

—05f =

- —— LFU observables
- b— sy global fit
-2 ] ~104 : -
T flaviowzr  ——— Al fivefold non-FF hadr. uncert.
!
T S S D R T, 3 20 15 -10 -05 00 05 10 15
-3 -2 -1 0 1 2 3 ReCl
NP
Cop
1704.05340 Phys. Rev. D 96, 055008 (2017)

» Many theorists perform global fits of (J(150) measurements
> Pull for the SM at the level of 4.4-5 o

Simon Wehle (Deutsches Elektronen-Synchrotron)


https://arxiv.org/abs/1704.05340
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.055008
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Lepton Flavor Universality & Rare B Decays
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Phys. Rev. D 96, 055008 (2017)
> Lepton Flavor Non Universality favored with > 3o
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https://arxiv.org/abs/1704.05340
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.055008
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Did we find new Physics?
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Did we find new Physics?

» The anomalies are difficult to explain at once

» Two models are favored:

» Both cases may enhancement b — s77

» LQ: large enhancement of b — surt
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Motivation for b — s77 at Belle

Motivation

» New Physics may couple to mass of the 7
— enhance sensitivity by |m, /m,,|* ~ 286

» Both Z’ and leptoquark models predict large
enhancements [ 1704.05340]

The Bt — K*1++~ Decay

» B(BT — KTr7)M < 1.44(15) x 1077
» Some models may lead to a strong enhancement
» B(B— KT 7 T)MFV <2 x 10*
Alonso, R., Grinstein, B. & Camalich, J.M. J. High Energ. Phys. (2015) 2015
» Only experimental constraints by BaBar with
B(B" — KtrT77) <2.25 x 1072 at90% C.L..
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https://arxiv.org/abs/1704.05340
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Simulation for Bt — KT+t~ at Belle

> Signal is Identified in calorimeter energy related observable Egc;
> All systematic uncertainties are calculated

> Expected upper limit: B(BT — KT7777) < 3.17 x 107* at 90% C.L. on MC

12085 : B : : : :
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Important recent Measurements

<

Ba,s — pp :
»  Golden mode to study at LHC(b) .,;

P LHCb: Single experiment observation of o

B — p ™ with more than 70

P Powerful probe of models with enhanced
(pseudo)scalar interactions

Bys — TT
> |HCb measurementusing 7 — 7wt v,
> B(BY — 7T77) < 6.8 x 1073(95%CL)
> B(BY — ttr7) < 2.1 x 1073(95%CL)
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Important Measurements Wish-List

1.

2
3
4.
5
6
7
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The next Generation of Flavor Factories

RERE T T T T T Ty B, System LHCbI
- Bellell " Projection (July 2015) CPV in Jhyh, po, MAESY Bs &
- y CPV in Mixing charged
- - LHCb [fb] « B uu tracks
| —e—Belle (Il [ab™] + CKM phase y in B5>DK
L + CPVin By
viogord * B> X Il (exclusive)
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10 LHC LS2 Run3 290 « BoXy  (exclusive) Important

Charm physics
Semi-leptonic B decays
T - physics: LFV [

cross checks

R
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*« B>Xy (inclusive) inclusive &
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— B—>K*vv, B> vv

Slide adapted from J.Albrecht, DESY Seminar 25.10.16
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Belle 2 and LHCDb Projections
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J. Albrecht et al., Future prospects for exploring present day anomalies in flavour physics measurements with Belle Il and LHCb

» Both Belle Il and LHCb can individually verify the flavor anomalies
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https://arxiv.org/abs/1709.10308
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Next Generation of Experiments

» Both LHCb and Belle Il have their strength and

weaknesses
» We need to have a confirming experiment!

Conclusion

» We can find new physics
> In not too distant future
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If there is new physics in the flavor sector, we will find it!

Next Generation of Experiments

» Both LHCb and Belle Il have their strength and

weaknesses
» We need to have a confirming experiment!

Conclusion

» We can find new physics
> In not too distant future

Simon Wehle (Deutsches Elektronen-Synchrotron)



Discussion and Outlook

Thank you!
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