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Evidence for Anomalous Lepton Production in e*-¢~ Annihilation®

M. L. Perl, G. 8. Abrams, A, M. Boyarski, M. Breidenbach, D, D, Briggs, F. Bulos, W. Chinowsky,
J. T. Dakin,T G. J. Feldman, C. E. Friedberg, D. Fryberger, G, Goldhaber, G. Hanson,
F. B, Heile, B, Jean-Marie, J. A. Kadyk, R. R. Larsen, A. M. Litke, D. Like,§{
B. A, Lulu, V. Liith, D. Lyon, C, C., Morehouse, J. M. Paterson,
F. M. Pierre,§ T. P. Pun, P. A. Rapidis, B. Richter,
B. Sadoulet, R, F. Schwitters, W. Tanenbaum,
G. H. Trilling, F. Vannucci,i J. S, Whitaker,
F. C. Winkelmann, and J. E. Wiss
Lawvence Berkeley Labovatory and Depaviment of Physics, University of California, Berkeley, California 94720,
and Stanford Lineayr Accelevaltov Center, Stanford University, Stanford, California 94305
{Received 18 August 1975)

We have found events of the form e’ +e —=¢* +u* +missing energy, in which no other
charged particles or photong are detected. Most of these events are detected at or above

a center-of-mass energy of 4 GeV. The missing-energy and missing-momentum spectra
require that at least two additional particles be produced in each event. We have no con~
ventional explanation for these events.

Phys. Rev. Lett. 35, 1489 — Published 1 December 1975
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2018 Review of Particle Physics.
M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

LEPTONS INSPIRE search
T J=1/2

T discovery paper was PERL 1975 . et e~ — 77~ cross-section threshold behavior and magnitude are consistent with

pointlike spin-1/2 Dirac particle. BRANDELIK 1978 ruled out pointlike spin-0 or spin-1 particle. FELDMAN 1978 ruled out
J=3/2. KIRKBY 1979 also ruled out J=integer, J = 3/2.

See related reviews:
7 Branching Fractions
7-Lepton Decay Parameters

» Expand all sections
7 MASS 1776.86 + 0.12 MeV
(m1—m, )/ Mayerage <28x107* CL=90.0%
7 MEAN LIFE (2.903 +0.005) x 1073 s
(T-rl_T-r )/Taverage < 7.0x 1073 CL=90.0%
http://pdg.lbl.gov/ >PDGLive >t
10/31/2018
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SETORB/R

90% CL upper limits on t LFV decays
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CPV in tau decays

LFVRE#EESL >t 79 —I12CPVIZE AT
NFHA, ma— YT IZESHY Z S

>HB=BSMOEE
—DONDFEEL TWORDLYIZAAS—RFOIRALZESIZCCPVYVIRT S
CARE—RT?

Q’CiﬁﬂiiKSOV (Phys. Rev. Lett. 107, 131801 (201 1))
EIYWHIFTCPVZRELZDH?

ST YT DRIZETAEHDE VTR S
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CPV search in t - nKJv

-Effective Hamiltonian Scalar E,Dg[:n

SM Hys =SiNE. ‘J_{L{l-l- v’g)r)(b(i’f f'.-‘pﬁ’g)“t]

H, =sing. E{w (1- }’5]?]“:5}’ 1-r)u)

Rt
_ e
.
K
o “ NP
7, =(K(p)x(p,) | s7,u10) Q.Q.

: " T =9, 5
=(p,-p)'T F(Q)+QF(Q) ¢

BIKEF: F (No45—) 2 2y _ 2y, s 2
Fs (ZH5—) F(Q%) = Fs(Q°)=F.(Q )+m F,(Q7)

T

F (@) = (K(p)x(p,)| 5U10)
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ARIER Y CPV

dr(r™)

= [A{QE} —B(0*)(3cos* ¥ —1)(3cos? B - 1}]. | FI?+m? | Fs P

ﬁ ) CPVMC C IR
—C(Q7)cos eosy -Re(F F<(n,)) = é

dQ*d cos 8d cos B

Q*=M,* A(Q2?),B(Q3?), C(Q?): known function. v
B: direction of Ks in K.t rest frame KNDERBEDBIZ Y

V. direction of tin the K_rt rest frame.
(6: direction of K it system in the trest frame. Correlated with 'V )

2
1] 5;1 cos 3 cos 1) (dg: — dzgj) dow

AP —
! Q3, (dr__ dF
2 fff 3 ( ) dw
~ (cos [3 cos t;'ﬁr) »_ — (cos Bcost)” o [=mmic
i - A Z
with dw = dQ?dcos fdcos 3. AlonIF= 2%
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Expanded view
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nlRIRET

Im(n.)|< (0.012-0.026) at 90 %C.L.

gBHE»H 5D IIHIREF D@\ NEBEAEHABRDENALEHI» DD 5
WS, (AEZ&H L )

B Application: In the 3HDM

m_rm x
n.=——=XZ2
g M2
H:
M, : mass of lightest charged HiggsinMHDM
Z : complex coupling constant btw Higgs and lepton.

M,. (GeVic?)

X : complex coupling constant btw Higgs and down-type quark

H The result (Im(n,)<0.026) limits the coupling:

Im(XZ ) 1<0.15 M, % 10 20 30 40 50 60 70 80 90 100
Az )1=0. (1Gel/)? \im(xz")
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CPV in 1= Knrnv
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Belle IITHHA%F
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CPV in 1=Knrnv

1=KsnvTld. M(Ksn)& TAcp % 1

A\ A\
>
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1=SinBsinv’2=SinBcosvl3zcosﬁ Phys. Rev. D78, 113008 (2008)
10/31/2018

FPWS2018 Tau¥piE (38&) 62



BaBar®d t CPVO4E R

CW\OHN 5 HYLD
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BaBar®d t CPVO4E R

Phys. Rev. D85 (2012) 031102

500fb~! DT =TT XK —

& HE

A, — = m Kspr) ~ D — 7 Kvr) - 4 = (033 20.01)% in SM due to CPV
C T = 7 Kp,) + (7 — 7 K%%,) in K°— K mixing.

COFE-TAITE. FEDHDAIZEL LN >HEITZ LTS !

Ag = (—0.36 +0.23 +0.11)%
2.8 o from SM prediction

ZAEET DA
&HWF%%

rLtﬁE@Dﬁﬁéf%

F7<,

(Belle D AT IZKOD CPVId B 7% \ M ERAT)

10/31/2018

FPWS2018 Tau¥piE (3£8&)

0

64



IR S>H W DH?

=>Knav, t1=2Knav Tz D&
ITNZTNRAHT—, BRAH T —,
EEOHDO % & A T
CAYEBE R TWNEDH?

(LB BA. purelKODCPVDRIRITIR TW 5, )
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CPV in tau decays;

O Tau physics offers a variety of CPV observables (rate, angular asymmetries, triple products, ...) that
can be studied to search for new sources of CPV.

O Interesting recent result:

T(r" > 7Kg, )-T(r” > 7Kg, (BaBar2017)

(" > 7K, )+ T (77 > 7 Ky, )

4 =

AM =(3.6+0.1)-107

2.80 discrepancy! (due to K° - K°mixing) [Grossman & Nir, 2011]

[Bigi & Sanda, 2005]

O  Belle has also searched for CPV in this decay mode through a difference in the angular
distributions, finding a null result at the 0.2-0.3% level [Belle, 2011].

O NP explanations? [Bigi, 2012]

= Charged Higgs? s[d] . %FSI
: . FSI W, :

- ixing? :
= W -W; mixing? p;[ _ W A -

= LQ? U Lol
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Lepton universality( 1)

L 7 b LT h =y JRRIBEO DXL
(FHE) DR
— 2
A= v, (0)) = o _':;Apyp) B Gi‘g(;;:)‘ ' (mg) Rﬁﬁé
A
P=4\/§i?2 f(x) =1—8x+8x> — x* — 12x%Inx ,
R¢,=1+g$+§v. R¢=1+%(2¢5—w2).

TlEEG, GRMF) &G, RAF) [FR—FEEES DED,
BATHIZLTHEL
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Lepton universality(2)

u=>evv,t=>uvv,1>evvD IR L H 5

(gT) — 1.0010 =+ 0.0015 | (g“r) — 1.0029 + 0.0015 |, (gf) — 1.0019 =+ 0.0014 .
g_u ge

tH L <L Et=av,ioKvD ik tEH 5

R, /= = (0.16 +0.12)%

2
(gr)z ~ B(r — hvy) thmi’i’h (1 — mi/mﬁ)
=47

g. B(h — uv,) (14 0R, /n)m3r, \ 1 — m?/m2

(&) — 0.9961 + 0.0027 (&) = 0.9860 + 0.0070
g.“‘- T g” K

ECET1ITHEDIFTAMN?
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Lepton universality(2)

u=>evv,t=>uvv,1>evvD IR L 5

(?) — 1.0010 + 0.0015 | (j) — 1.0029 + 0.0015 | (gf-") — 1.0019 + 0.0014 .
T e
AN
tH L L Et=av,ioKvD ik tEH 5
(& )2  B(r— hv,)  2mymi, 1 m2/m2 ORr/x = (0.16 £0.12)%
g.) B(h— uv,) (1 +6R, jp)ymir, \ 1 — m2/m? OR,/k = (0.90 £ 0.22)%

(&) — 0.9961 - 0.0027 (ﬁ) — 0.9860 + 0.0070
g,”- T g:“‘ K
HTH-LOHTEL?

Er ) = 1.0000 <+ 0.0014
T4n+K

YoET1ImESHeme (5
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Ks, PDG 2016
0.2237 £ 0.0010

K,, PDG 2016
0.2254 £ 0.0007

CKM unitarity, PDG 2016
0.2258 £ 0.0009

T — s incl., Maltman, Mainz 2016
0.2228 £ 0.0023 £ 0.0005

T —sincl.,, HFAG 2016
0.2186 £ 0.0021

T—=>Kv/T—nv, HFAG 2016
0.2231£ 0.0018

T —> Kv, HFAG 2016
0.2223 £ 0.0016

T average, HFAG 2016

0.2212 £ 0.0014
‘Summer 2016 \
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I's [T 7 7a [1] (17.39 4+ 0.04)%

| T 7 7 2] (3.67 £ 0.08) x 10®
I's € VU [1] (17.82 +0.04)%

s e Vol 2] (1.83 & 0.05)%

| Y T Ur [1] (10.82 & 0.05)%

I'10 K v, [1] (6.96 4 0.10) x 102
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