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ORLEAELEE:

Lepton Flavor Conservation & hslogy ot

 In quark sector: flavor mixing is well established

* Neutrino mixing: =>lepton flavor symmetry is violated (a sign of
LFV beyond the SM!)

How about charged lepton sector??

« The charged LFV processes can occur

through oscillations in loops W ,.J\I\;Y
. -54_1()-49

Immeasurable small rates (10~*-10*°) for _f;\_ L

all the LFV u and 7 decays V. Wu

B(l; - ly) x “(_)2

Any observation of LFV in charged lepton
will be a signature of NP ! 2



LFV: agatewayto BSM (@) ¥8#2H&4 ¢

« Many extensions of SM naturally introduces cLFV at order ~10-'
— 1019 (an crucial place to test BSM)

mn N
SM + heavy majorana PRD 66.034008 1010 \\‘;’ U
Non-universal Z’ PLB 547(3)252  10°° 108 N
SUSY + seesaw PRL89:241802 10110 107 Rl
SM + 4th generation ~ arXiv.1006.530 108 108 T @ 9

6 V. VL

 Different cLFV experiments are necessary (as a part of ‘global’
programme): [; - Ly, l; - L1, T > lh...
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« t7—the heaviest charged lepton:
 Various decay modes for LFV search, include decay to hadron
« Strength of interaction relate to new physics is naively expected to be
mass-dependent
« 7 - lyandt — [ll are golden mode, which are expected to have largest

branching fraction

= CLEO

v BaBar
+ Belle

= LHCb
wnsendenseansanssnsnsaneenssnsourossaborsMocenasrsassasrasnnsennensfensansannssnnsenselreanaasssssassneasnnssnsannassasssnssncsnsansassasslsorsennenned ?: .ATLAS
= < Belle Il
° . e ® | *LHC-HL

90% C.L. upper limits for LFV T decays
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» Very rich experimental programme with substantial improvements
expected in near future.

« Remarkable progress expected on Muon LFV searches.
- B factories expected to be the most powerful for tau LFV .

EI0E %o
— —
103 n &
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107 E =
- V Yo ¢
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— - N —_ BN ® | | ]
o " yra!
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B MuZeD
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Year

How about LFV at Super tau-charm factory? 5
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« Peaking luminosity (0.5-1)x10%° cm=st at 4 GeV
* Energy range E_,, = 2-7 GeV

Potential to increase luminosity and realize beam polarization

Aol o
Beam Energy/GeV 2; 1-3.5tunable

Current/A 1.5

Emittance(e, /¢, ) nm-rad 2.85/0.0285

p Function @ 1P (5;/ 5;,)J'mm 65/0.68
3052259316/ 2853792761

Collision Angle(full 0)/mrad 60
Vo cmpuion o[RS
BTN o
(.06 (estimated)
(.8 (estimated)

Luminosity/ x 10*cnr?s! 0.95 (estimated)

6
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STCF Detector Q) ¥EAZLL% g

O Inner Tracker
» ~0.15% X0/ layer
» oxy ~ 50 um

O Out Tracker
» oxy~130 um, op/p~0.5%@1GeV/c —6m
» dE/dx ~ 6%

O PID system
» /K (K/P) 3-4c separation up to 2 GeV/c

O Electromagnetic Calorimeter ([ tnner Tracker ]
> Range: 0.02 - 3 GeV mrm
» Resolution (1GeV): 2.5% (barrel) and 4% (endcap)

O Muon system
» Pion suppression power: >10 and lower to 0.4 GeV/c

STCF CDR ] 5 T T T T T T T T T
—— nfrom zn+X @ 7.0 GeV 10°F STCF CDR =
——— nfromt— K'n @ 4.26 GeV F y from t—yp @ 4.26 GeV 3
— = from J/y—>AR @ 3.097 GeV E [ y from 1 decay @ 4.26 GeV -
—_ nfrom ooy @ 4.26 GeV ] 10 y from continuum @ 7.0 GeVg
F y from A_decay @ 4.64 GeV3

PID system

[ Outer Tracker ]

10°

1 from 1— 3u @ 4.26 GeV

pfrom D —pv @ 4.18 GeV T

102 from Doapv @ 3.77 GeV < 103 A yfromD_*— y D, o
p from J/y—AX @ 3.097 GeV 3 y from y(28)— v n (28) 3
10°F 3
10 E
] 10 5
|- . i : 7
H E 1F
i I L PR || PO N 1 PRI AT T T A ST S S IR = E | | | | | | | 1 [J“l:ﬂrll”"#
0.0 E . 3.5 0.0 02 04 06 08 10 12 14 16 18 20

1. . .
P (GeV/c) E (GeV)



Studies of T at STCF

« Advantage:

Threshold production

Peaking cross section in 4-5 GeV

At 4.26 GeV, number of tau pairs per year:
N, .~ 1.0ab!x3.5nb=35x10°

ete”™ - yrT1~ is not the main background

Improved r/u misid rate at STCF

« Disadvantage:
— Entangled topology of etfe™ —» t*¢~
— Large e*e™ — gq background at low c.m.e

Tp]
S10°E
S .5t
o 10°F
—

4.26 GeV

L0k

T 1]

—signal MC
e"e'—> qq

Events/0.005

8 B

Events/ 20 MeV

o 3 @
o 8 8 8
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Production cross section

-

.8-

L T T T
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F 3.500 0
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25F 4.174 3565
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= 4.250 3.561 E
20F 11000 0891 3
15F E
F $ E
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Studiesof Ttat STCF @) ¥8#az244x¢

» Full reconstruction of signal side
« - > Neutrino in tag side is missing

_l_

signal side / / » Precisely known kinematics of initial state
T
S €

e

/ = electronic = muonic = pionic 1-prong = others
/_ tag side
f o, 18.04
i a
Channel 1: b/
signal side t = yu

tag side T —» evv, mv, mur(total branching fraction ~ 54%))

Channel 2:

signal sidet - lll (ete e ,utu u ,ete u ,utu e ,ute e, etu u")
tag side T — evt, uvo, mv + nr? (total branching fraction ~ 82%)

9
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Studying the physics sensitivity, guiding
the optimization of Detector design

O Based on BESIII BOOST framework,
same analysis process as BESIII jobs

O Implementing all the expected
performance for the STCF detector.

O The input performances are flexible

and adjustable for detector

— optimization

O Acceptable CPU and storage
consumption

—

10
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Searchesof T —» 31 (@) ¥E#Z&L%g

Signal side

1-prong (pi/e/mu+neutrals+neutrinos), Category 3-leptons into six types

82.62% branching fraction (ete e, ytupu,ete u , utue,
pte~e”, etuTum)

For hadronic tag mode, required missing Veto gamma conversion, For e*e- pairs,

mass M2, < 0.2 GeV? |anglege|>5°,|Mq|>0.05GeV
For leptonic tag mode, M2;;s < 2 GeV? If more than one combination, select the one

with minimum: (M;onga-M;)?/0r+(Epronga-E+)?/0er

Total Momentum of 1-prong side > 0.4 Using energy and mass constraint to select
GeV/c the signals, AE, AM

Angle between 1 prong and 3 prong <175°

— 02 — - T = T L o 0.2_ L T L T 1.
S ok rdens ST = ouf -+ P 0.
S S s | | L RN - =Sl A ol 1 1 | LN S :
o 00F . T - : - e e b 0
T’ = = 81 — ] HE :
= -01f ) oA - I 2 R 0
< F mc mH 6 o2t Inclusive mc; | 0
i E - [

3 - P 03F. P 0.
03¢ = 4 : . 0
04f o 3 b 0
'E o 2 0.5F b 0
_0:‘ E_ E E 0.6 E i L L 1 L i M | I L L i 1 ! L n i 1 L 0
) 1 = S N N S — - 0 -.-. -0.4 _ -0. 2 :

0.6 04 -0.2 -0.0 0.2 0o ° 02 00 °2 11

AM (GeV/cY)

AM (GeV/cH)



Efficiency

Searches of T — 31

AKX T ER
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The PID efficiency in fast simulation is obtained from BESIII, using dE/dx and TOF
information.( The mis-ID rate of r/u can be as large as 30%).

By scaling the r/u mis-1D rate to 10%, 3%, 1% at 1GeV, different =/u PID
efficiencies are used.

Following are the distributions of 7 /u PID efficiencies and their mis-1D rates (the mis-

ID rates to e, K, P are not changed in this analysis).

1.2
1.0
0.8
0.6
0.4
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T
R

0.0

mr identification
2f¢90¢¢¢4¢¢¢4

L ]
LI

nefficiency (e, =10%) P ¢ L
n efficiency (e,H =3%) L] .

= efficiency (e =1%) .
i mid-D (eM=T0%>
u micD (e =3%)

u mid-1D (eh“=1%)

e mid-ID

K mid-ID

P mid-ID

Efficiency
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Searches of T —» 31 (© ¥B#A2&L%z

 The number of survived events Ny using 1 ab™! inclusive data @ 4.26 GeV are
obtained for the six decay modes of T — 31, with scaling 7=/ mis-I1D rate to 10%,

3%, 1%.
« The MC selection efficiency are also obtained by varying = /u mis-1D rate from
10% to 1%.
$ T T %] < AtSTCF, 3.5 x 10 tau pairs @ 4.26 GeV
10° per year. If r/u mis-1D rate is 1% at 1 GeV,
i~ - the upper limit is predicted to be:
90
w bmchedeed B (1 > 31) < U ~1.4 x 107°

TT

» If taken 10 years data, the best upper limit
= " fort —» 3l willbe 1.4 x 10710

25 » Best efficiency t — uuu increased is 22.5%,

20 E

Efficiency (%)
e [[>& o
O
0I>I>¢O<: 3
[ 1= RLoX-]
w4 0o

15 : &

2 % 6 8 70
/. Misld @ 1 GeV (%)
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MUC
UL (x108%)
MUC102, GammaP50%, GammaE80% 1.8
MUC101, GammaP50%, GammaES80% 1.5
MUC100, GammaP50%, GammaE80% 1.2
GammaP
UL (x108)
MUC102, GammaP50%, GammaE80% 1.8
MUC102, GammaP70%, GammaES0% 2.3
S L AP EI MUC102, GammaP100%, GammaE80% 25
(:}"), 214 ;% InCIUSl‘VE mC R
TT Pl .
212 L Gammak
R S B UL (x10%)
pogft o Twoee TP e MUC102, GammaP50%, GammaE80% 1.8
2 0k _° ) ) 3 MUC102, GammaP50%, GammaES0% 3.1
“iva . 176 1.78° "1.80 o o '
M (GeV) MUCT102, GammaP50%, GammaE100% 5.1

| TMVA overtraining check for classifier: BDT |

3 25 [Signall(test sdmple) | | || ' Signal (trdining sample)' | - - - .
S st oy « Optimization of STCF detector:
£ 2 of -

— Photon position resolution better than 4 mm

— Good mu identification power, pi/mu mis-id
better than 3%

S
- o
T T

S
@

aol 1 11 |
i 06 0.8
BDT response
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Searchesof T > yu (@ FE#AZEA=%<

© b %2 I ndf 0.01702 /16
o n Prob 1
— . po ~0.9718 =+ 0.00491
g oc p1 1.086 + 0.007692
= - -

— S ]
(18] - .
41— =
3 -
2 -
1= -

|

0.5 1.0 ]
L [ab]

extrapolate to 10ab™': 1.2 x 107°
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Summary and Prospect (© ¥€#%2&£%2

« At STCF, with 1ab® luminosity at 4.26 GeV (3.5x 10° 7 pair),
the expected results of cLFV are:

90

2 (t > pup) <o ~14x 107°
32
B < ~1.2x 1078
oL (T = yu) 2eN,.,

Timeline for STCF

2018 [2019| 2020 | 2021|2022

Form Group
CDR
TDR

Construction

In operation

Upgrade
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Thanks!
PHis !
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