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Introduction/Motivation

* No fundamental symmetry explains the conservation of
Lepton Flavour and Lepton Number in the Standard Model.

* New Physics models can enhance Lepton Flavour Violation
LFV and Lepton Number Violation LNV up to current
experimental limits at e*e colliders.

* New Physics models can introduce different couplings to
leptons and violate Lepton Universality (LUV).

* In GUT theories, quarks and leptons are part of the same
multiplets so baryon number B and lepton number L are
expected to be violated in almost all models.

* Experiments with higher mass leptons may be less precise
than dedicated experiments but could see larger deviations.

e Many LFV, LNV and Baryon Number Violation (BNV)
searches are simple additions to core analyses (e.g. rare
decays B>l or FCNC in B->K®)I*[").
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* Lepton Flavour Violation:
- Y(2,3S)—et/ut
— B%>e*w, BK I, B>mety
— B* ->h*tland B’— I*T
e Lepton Number Violation:
— B* XM Results from

*B Number Violation:
j;f/r:r umber Violation 2008-2016

* Lepton Universality:
— B-> Dtv / B> DU ratio
— B> KMete / KFlutp ratio

* T Lepton Flavour Violation

* T Lepton Universality Status

No discussion of charm decays

29-Nov-2016 Fergus Wilson, STFC/RAL. B and tau LFV, LNV and LUV




The BaBar and Belle Detectors
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Typical Analysis Techniques
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Event Topology

jet-structure)

Plus Fisher Discriminants (F), Boosted Decision Trees (BDT), Neural Networks
(NN) and unbinned Maximum Likelihood (ML) fits
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LFV in Y(2,3S)—et/

PRL 104, 151802 (2010)

« CLEO (PRL 101 (2008) 201601: Y(2S)=>ut < 1.44 x 1075, Y(3S)>pt < 2.03 x 105

Theory:  pry(us) - Ir) <

BF(t —>e'e’l)

(W - Iv)’

6
MY(nS)
BF(r — 1 0.0) TX(nS)I(Y(nS) = ')\ M,
<5x107(for Y(nS) — Ir),< 3x107*(for Y(nS) — we)

/)

SUSY loops

SUSY loops

SUSY Higgs doublet H
Anomalous Z or Z’
Leptoquark L

Contact interaction

\ Probes 1-10 TeV
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LFV in B®>e*u, B>K' I, Bomnety

* BO>et*u-: like D9>e*u, part of FCNC search.

Decay Mode Booo, (x1078)
— PRD 77, 032007 (2008) i —— 13
_ IZRD 77,091104 (2908) | o B® =yt u 59
B->K*I*I-: FCNC, Branching Fractions, Polarisation, B — ey 9.9
Asymmetries, Universality. '
Bt — nt et 4T 17
— PRD 73, 092001 (2006) RO 6 b e ”
— PRD 85, 071103 (2012) = ﬁﬂ:i L -
— :
e B—>me*u : FCNC searches # B

BT — Ktety 9.1

— PRL99, 051801 (2007) .
BT — KT e ut 13
BT — Kteyu 9.1
B - Kteyp 27
New Physics processes: BY — K*0 ot - 53
] BY — K*0 g™ pt 34
@ ®) X © &1 BY = K¢ p 58
r!,.-/' f{,.f ’!,./ B-|— — K*-l— €+ }L_ 130
b  tcu s b  Tem s b 33d S Bt — K*t em put 99
BT - K*t ey 140
B — Ke 3.8
B—Krep Bl
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LFV in B* —h* 1l and B’— I'T oRD 77, 091104 (2008

Recoil method

B*— K'tu
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v I
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\ 5
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MSSM prediction BF(B® = I*t") ~2 x 10-10
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PRD 89, 011102 (2014)

PRD 85, 071103 (2012)
PRD 84, 071106 (2011)

LNV and Majorana v in B*=>X|*|*

* LNV searchin B*=>hI*l* (h=D/K/m, |=e/p)

* Possible mechanism: exchange of Majorana v (AL=2) or 4" neutrino
generation. But mass and coupling are unknown. i :

0-35 o Bt ILl+ILl+D__
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o + — ot t
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BNV and LNV |n B%/\I'I' PRD 83, 091101 (2011)

* Violate both Baryon and Lepton Number conservation.

* Expected to be highly suppressed (< 4 x 10-%°).

B >A I violates (B-L).

* Only look at electron and muon modes.

* N =>pKT*, A>prt. Constrain tracks to a vertex and mass compatible with A,.
* Use mg, AE, and neural net to identify signal.

60
“Z a)B— Ag W s C)B— AL W e)Bo A
> & o0 , &
O a0 + o t Y
3 S S sof
S S 40 *
e i 2 %
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= s
L|=J w 1
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mgs (GeVic?) AE (GeV) NN output

Decay Mode N,y B(x107%) e(%) Booo, (x1078)

B — Afu~ 814 47, 26.3+£0.9 180
B® — Ate~ 651  190%83% 9257+ 0.7 520
B- — Ay~ 320 —2.3%3% 9287+009 6.2
B~ —Ae~ 194 12131 9272406 8.1
B~ —Auy~ 192 15126 313+1.0 6.1
B~ — Ae 74  —0.9757 30.0+0.6 3.2

29-Nov-2016 Fergus Wilson, STFC/RAL. B and tau LFV, LNV and LUV




B-meson LFV and LNV Summary

Dec. 2016
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( E 3 ) ( 3 ) I . PRD 94, 072007 (2016) ,PRD 92, 072014 (2015)
B 9 D '[U / B % D U ra t I O PRL 109, 101802 (2012), PRD 88 072012 (2013)

There are models available
to account for discrepancies:

8 i | d be diff * Leptoquarks
ut couplings to leptons could be different. «  2HDM variations

Belle have used both hadronic (2015) and semileptonic (2016) tags ,

Often interpreted in terms of SM plus a charged Higgs.
In disagreement with 2HDM Type Il predictions

oz 1E -
Lt ik SM my-=200GeV
N - oy e - —
08F— § theor. R(D) 06F- e ® Belle 4 i
C measured R(D) D> E 20!
o7 | theo RO [T 05 ¢ N
0.6 ;_ Il measured R(D*) g 0_45_:“ 1 50
0.5F & F 3 ]
ol ) g 1.0f{ HFAG -
i R(D ) 0-25_ C . ]
0.3 -
02; 01 —
0.1 f O ; :
0 :I |- | 1111 | | o I i | | 1111 | | I e | | EE L5 | 1111 | | - R(D)
0 01 02 03 04 05 06 07 Oo
SM tanB/mH¢(02/GeV) f
tan()
— + _ 2HDM Type X model: A. Crivellin
RSM (D) 0297 _0017 Rexp(D) - O391i0041i0028 etal. PRL 116, 081801 (2016)

Ry (D')=0.252+0.003 R (D')=0.3224£0.018+0.012

PRD 85, 094025 (2012)
LQCD for Rgy,(D) similar

Combined BaBar/Belle/LHCDb deviation 1s 3.90
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PRD 86, 032012 (2012)

Lepton Universality in BOKITI" s s oo

To be submitted to PRD

* An output from B->K™ [*|-angular analyses. qj dF(B—>)2(ﬂ+ﬂ‘)dqz
. J d.
* SM prediction R¢= 1.0 £~0.01 R, =4 1
Dmax + -
e Combine B® and B* decays. | “T(Bsze ) 4g?
. . 4. > q
* Use 1.0<q%<6.0 GeV?region where theory uncertainties are lowest."»
--LHCb -m-BaBar -a—Belle
F:;\E"'["'I"'I"'I‘ ;:20: S B B B 2_....,....,....,...,..
= (@ B—oKe'e % 15 T IR LHCb
=" BABAR = 160 T :
oy 12F preliminary oy 144 R i
< 10} = 12 X
g g 2 107 E
g P 2 gp - SM
<3 6E A E : b
N 4 0.5F .
e o prelimary :
g. 522 5.24 5.26 2.2 522 524 526 528 I T T e
mgg (GeVi) mgs (Gevih) % 5 10 15 20
Ratio Value Range Publication Exp g* [GeV?/c4]
o 0.6477740.06 1.0-6.0  To be submitted BaBar
R, 1.03+0.19£0.06 0.1-25.0 PRL 103, 171801(2009) Belle
R. 0.83%0.17+0.08 0.1-25.0 PRL 103, 171801(2009) Belle
R,  0.7479£0.06  0.1-8.1 PRD 86,032012(2012) BaBar
R. 074570040036 1.0-6.0 PRL113,151601(2014) LHCb

Results consistent between BaBar and Belle, SM and LHCb
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Tau LFV summary

* Even with bounds on p->ey, some models predict t->uy accessible at current experimental sensitivities.

» Different models predict different rates and hierarchies for the tau decays so need to measure as many
decay modes as possible.

* Some modes are background free (e.g t>eee, T->I'h%); others are not (t>uy).
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= == Summer 2016
3 + +
| | - +++++++ ++ ++ T
signal-side C 4+ L + + +
7)) m+
= i + ++t T Ty o+
g ++
= 10% =" +F
8_ - See HFAG summer 2016 summer for numbers
Q - x ®
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= A
. o A AL A 4 + A 1 A A
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o ——
> o s & " " " 4 A
- A A A
_- | | n A A A | | ] u = ] u s
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[ ] ™ A [ A L
K = [ [ ] A | n L | ™
] u :.
8 | |
10 -_lllIllllllIlIllllllIlIllllIllllllllllllllllll/ll/lll
I,\,,\/Q ,b Q/Q\\ \\/b /0 o © © © "/‘/919 IIIIIIIIIIIII Qé*l *l Q#i@QQ%/LQQQQIVIVV v]’q 7
0 % & A TS IREE RGP (T10 10,130 uh b ik £94 & X AT I
TG NS TGOS Y RS EEEEEFEEEEFENESS e
¢x ex DI

o ATLAS 4 BaBar = Belle + CLEO = LHCb
No LFV observed. Limits in the range 108 to 2x10/
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Tau Lepton Universality summary e osao o

 Little change since 2014. Belle 7 lifetime
measurement last significant update:

— 1,=(290.13+0.53+0.33) x 10> s

B(r - lvv) _ T(z— o) g.gm f(m/ / m§)5w5y

Entries / 10 um

T

& = 1'001Oi0'0015 o -0.06 -.04 -.02 0 0.02 . 0.06 0.08 0.1
9, treconsructed (C)

g Leptonic X | [T T AT A
Z: 1210029400015 2 o A
ge] prOCGSSES & -2} || H I | * H Il ‘ | |
ﬂ =1.0019+0.0014 __

9g.
[& = 1_000010_0014} Leptonic + T—>hwv

g“ K+m+t See HFAG summer 2016 summer for more details
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Conclusion

 Lepton Number, Lepton Flavour, and Baryon Number Violation
have not been seen.

* Limits have improved by two orders of magnitude over the last
decade.

* Some of the more optimistic New Physics models and/or
parameter space have been deprecated.
* Many of the deviations continue to be seen at LHCb.

 Some deviations from SM predictions in branching fraction ratios
can be interpreted as Lepton Universality Violation.

* Interesting time for LFV, LNV, LUV:
— New dedicated experiments coming on line (e.g. mu2e, mu3e).
— LHCb upgrade (50 fb1)
— Belle Il (50 ab™)
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