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* Provide plenty of tests to standard model and beyond
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BEPCII and BESIII
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BEPCII

Energy region: 2.0 ~ 4.6GeV
Luminosity: 1033 cm-?s-!
@1.89GeV

bunch: 2X93

current: 2X0.91A

BESIII
DC: position: 135 um,
momentum: 0.5%@1GeV,
Ogesax: 0%

EMC: 2.5%@1GeV
6 (9) mm
TOF: ~70ps (B)
~70 ps (EC)
M counter : 9 layers (B)
8 layers (EC)
4



Advantage and challenge

Running near threshold of tau pair production

Background simple

Systematic uncertainty easy to control

Statistics is limited
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Tau physics at BESIII

» Tau mass measurement at BESII|

« Motivation
* Bean Energy Measurement System at BEPCI|I
e Tau mass measurement

» Some topics

* D21V,

¢« Y(25)=211

« Second-class currents decays
« 12>KKK
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Tau mass measurement

* Tau lepton mass Is a foundamental parameter
of the Standard Model

m, = 05109989461 + 0.0000000031 MeV (6.1 x 10%) ; PDG(2018)
m, = 105.6583745 + 0.0000024 MeV (2.3 x 10°) ;
m. = 1776.86 + 0.12 MeV (6.8 x 10°)

* Leptonic universality test

(gr )2 _ TyLm/u]S B(T—)eveVT) (1-|—A )

g, r.\m, ) B(u—>evy,)

T Mass IS sensitive to universality: m_ 3
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History of M. measurement
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Beam Energy Measurement System
(BEMS)

» In 2007 BEMS Is started to
design by:

» Budker Institute of
Nuclear Physics SB RAS

* University of Hawail,

 Institute of High Energy
Physics CAS

» The system was put to
operation in December
2010.

» The uncertainty is better
than 2} 10
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Beam energy measurement system
(BEMS)

Head on collision,

backscattered photons
electron, e

positrons electrons
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Statistical optimization of M_

/ui (WZT ’ Si ) - 'B i .(8 ‘93]‘ . Gobs (er ? Sz' )

Assume: M. is known

To find :

1. What's the optimal distribution

of data taking point;

2. How many points are needed in

scan experiment;
3. How much luminosity is

required for certain precision,

F e
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Data taking scenario

Three stages:

» Jly scan, 7 points, determine M,y and o Total lum. ~100pb-t,
» Tau mass threshold scan

» ' scan, 7 points, determine My. and og uncertalnty: 0.1MeV
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Tau scan 1n 2011

Scan Ecy (MeV)  L(nb™ ") 20— :
J/y  3088.7 785+ 1.9 o) - -
30953  219.3+31 - 23.4pb.13 modes i
3096.7  243.1+3.3 c F =
3097.6  206.5 +3.1 o - .
3098.3  223.5+32 i i i
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3103.9  317.3+38 () - i
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3553.8  5566.7+22.8 | @ "L PRD 90, 012001 (2014) -
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3685.1  832.4+7.5 W (GeV)
3686.3  1184.3+9.1
3687.6  1660.7 +11.0 M. =1776.91 =+ 0.12 fg-%g MeV

3688.8 767.7 7.2

3693.5  1470.8 +=10.3 PDG2012: 1776.82 £0.16 MeV
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Tau scan in 2011(11)

final state 1 2 3 4 total
Data MC Data MC Data MC Data MC Data MC

ee 0 0 4 37 13 122 84 76.1 101 92.0
ep 0 0 8 91 35 314 168 192.6 211 233.1
em 0 0 8 86 33 29.7 202 1844 243 2226
eK 0O 0 0 05 2 18 16 169 18 19.3
mr 0 0 2 29 8 92 49 563 59 634
T 0 0 4 39 11 141 89 86.7 104 104.7
1K 0O 0 0 02 3 08 7 90 10 10.1
T 0 0 1 20 5 77 57 540 63 63.8
K 0O 0 1 03 0 08 10 82 11 93
KK o 0 0 00 1 01 1 03 2 04
ep 0 0 3 61 19 206 142 132.0 164 158.7
1p 0 0 8 33 18 11.8 52 633 68 785
Tp 0 0 5 34 15 108 97 96.0 117 110.2
Total 0 0 44 442 153 151.2 974 975.7 1171 1171.0
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Tau scan in 2018

Wem, MeV

2400
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3098.83 4+ 0.083
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& 2200
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1 (25) scan
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367/5.37 = 0.13
3683.28 4= 0.10
3684.45 + 0.21
3684.32 4= 0.12
3685.39 + 0.10
3685.92 + 0.10
3686.38 = 0.10
3687.45 + 0.10
3688.06 4= 0.10
3689.85 4 0.10
36904.11 + 0.10

total 67.2
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Tau mass scan in 2018 (1)

T-threshold scan ST
1 238 3530.07+005  “F
1" 40 3550.87+0.18 “F
2 426 3552.87+0.07 0 /2indf = 1.74/4
3 27.1 3553.93+0.08 wp- Prob(zindf) = 0.78
4 0.2  3560.36 + 0.16 sof-
5 150 3599.57 +0.12 na MM 2 0414 0129 MoV
5 149  3601.51£0.12 10 Mppe = 1776.860 +0.120 MeV
total 136.6 ok | | | | | |

11 ! i—i— ﬂ-! s o | | 11 11 111 1 111 1 111 1 11 1 1 1 1
17656 1770 1775 1780 1785 1790 1795 1800 1805
E. MeV

* The analysis Is almost finished
 Uncertainty of M_will be less than 0.1MeV
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Data comparison between 2011 scan
and 2018 scan

Sample |P1 P2 P3 P4 P5 total

2011 scan | 4-3pb* 5.6pbl [ 39pbl | 9.6pbl | 23.4pbl

2018 scan 27.8pbt | 42.6pbt |27.1pbt |35.6pbt |29.9pb? | 136.6pb-!

.. T — threshold et
Sample Jy |y 3
2011 scan | 1.5pb™ | 7.5pbt % E ‘Y
2018 scan |38b™ | 68pb™ 3
i 70 55 760" —
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Suggestion from IRC of BESIII White
book

v"We recommend to expand the section for tau physics
studies other than tau mass measurement ;

v'"We recommend to look into the existing data at and
just above the tau production threshold and investigate
the background sources;

v"We encourage the group to apply beam energy
measurement method for other particles’ mass
measurements at meson and baryon-pair production
thresholds, for example, Ds*, DsO, Ds1, Ac, 2c...
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D*2>1*v_

G2 2\ °
(DT = €Fve) = 22 s [Vea*mi Mp+ (1 - T
(Dt =t mz| 1 - .mj, _
[ T L :I ( ‘Hf':'_ )-':. = 2-5?-

T = pty,) m;, (‘J _

|'.:"

Using 2.93 fb! charm data
(1.20 £+ 0.24 = 0.12) x 103
B,, = (3.74 £ 0.17) )X 10* (PDG)
R,,=3.21 = 0.64 = 0.43
Consistent with SM prediction 2.67
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D*=>1"v,

e 2\ 2
D(DT = (Tvy) = —E fps |[Vea me Mp+ (1 — ”_‘;t"-
o M2,

 Taking the average values from PDG, |Vcd| = 0.22438 =0.00044
fo,=224.5 £ 22.8 = 11.3 &= 0.9 MeV
consistent with LQCD prediction 212.6 = 0.6 MeV
 Taking the average prediction for f5,,

IVed|=0.237 = 0.024 = 0.012 = 0.001,
consistent with the world average |Vecd| =0.218 = 0.004

* The Luminosity of charm data will be 20 fb3, the

precision of B fos, and [\Vcd| will be expected much higher.

uv
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y(2S)21T

« The y(2S) provides a unique opportunity to compare the three
lepton generations by studying the leptonic decays

v(2S)—>ee,uu,tt 3.96M

Bee - B,u,u B B,—,— 25- E’::z‘

v(3—502) vu(3—tun) vi-ivd) Wb 4
v;=[1- (4””2,_,.-1145‘(25))]1_.-"2 T -
BTT . E

Bee=Bun={3585 21 {» % «%»
B..=(2.71+0.43%+0.55)x 10" ﬁ +
B,,/0.3885= (7.0+1.1+1.4) X 103 | +
SM prediction: B, = (8.4+1.0)x 103 " ~ ~ " T T "
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Y(2S)2>1T

» In 2018, BESIII perform fine y(2S) scan at 10 points
with totally 67 pbt data. With this large sample, we
can measure B, B, and B, separately and test the
relation between them.

» With lots of scan points, the interference between
the continuum and resonance parts can be measured
directly, and even the phase angle between them.

» The number of y(2S) events will be 3 billion, the
precision of B, will be expected much higher.



Second-class currents decay

* In hadronic t decays, the first-class currents, JP¢ = 0**, 0—, 1*
and 17* are expected to dominate.

* The second-class currents, JP¢ =0, 0, 1** and 1—are
associated with a matrix element proportional to the mass
difference between up and down quarks. They vanish in the
limit of perfect isospin symmetry but is not prohibited by SM,
the branching fractions at the order of 10™.

* The tau lepton provides a clean means to search for second-
class currents, through the decay mode t™=2>nnv.. The 1
final state must have either JP = 0* or 1=, can only be
produced via second-class currents.

BINP-IHEP seminar
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Second-class currents decay

* The CLEO collaboration analyzed 3.5 fb~* data @10.6 GeV, had

produced the most stringent limit, and set an upper limit of
B(t>nmv,) < 1.4X10* at the 95% C.L..

* The BaBar collaboration analyzed 470 fb~! data @10.6 GeV,

and set an upper limit of B(t™>nmv_) < 0.99 X 10 at the
95% C.L. — N

* data =

L O
] ==

3
R [N S TR TN SN N TN TN (N SN TN SN S S T S N S
08 1 12 14 1.6

N T mass (GeVic?)

g
I||IIl

g
|

8
|

B(t™=>7mv.) could be improved

o 8
IIl|I

Entries / (0.08 GeV/c?)

if BESIII has large data samples.

8
I|I
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T2K KKy,

Provide information on hadronic form factors, the Wess-Zumino anomaly, and also
can be used for studies of CP violation in the leptonic sector.

Provide a direct determination of the strange quark mass and the CKM matrix

element [Vus|.
The BaBar: B(t=2>KK*Kv_):
(1.58 + 0.13+ 0.12) X 10> , 342 fb'! data
at 10.58 GeV.
The Belle: B(t2>KK'Kv.):
(3.29 + 0.17+ 0.20) X 10>, 666 fb'! data
at 10.58 GeV.
The difference between the two measurements is
larger than 3 standard deviations.
BESIII expect more data to check this decay

BINP-IHEP seminar
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Mass measurement for some hadrons

« BEPCII beam energy improvement from 2.3 to
2.45 GeV.

* Mass of hadrons such as Ds*, DsO, Ds1, Ac, >c
could be determined by near threshold scan
using BEMS

* Wide energy region HPGe Is necessary

* The ratio of signal to noise should be
optimized
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Branch ratio of tau decay

K-3a0v,
10 = b
Kby KEn wnvy
L \ Koy
7 Ky, K len‘it
0.84 = 0.04 % L
Ky
Ch ! K Kwalvy
K Vo gj‘;{kyﬂ'{_'\’t
0.696 + 0,023 % U Ve
/ KK'av,
- - | — K Kﬂ nﬂvt
41— K K'vp
2 h*3ady,
6 Iromdy, 32k alv,
Irandy,
2 h*2mv,
Oy,
w3y 32k,
A LMe007%
1 .'l'[(]'l'r\/,t
4 —
a2 Vo
| 270:008%
2
| I vy
1.99 + 0.08 %
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** Pure leptonic
T~ UV, (<0.3%)
s Semi-leptonic
» Cabibbo favoured
T->n"v, (<0.5%)
» Cabibbo suppressed
- =2>K"v, (<1.5%)
*** Rare and forbidden
» Lepton Flavor V
TTu"y  (<107%)
» Lepton Number V
T u*rt - (<1078)
» Baryon Number V
T"opYy (<10 -6)
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Summary

BEMS was designed, constructed and put into
operation at BEPCI|

Mass of tau lepton has been determined in 2014 as

+0.10

M,=1776.91 +0.12 ~ ' MeV

More precise measurement of mass of tau lepton will
be available soon

Analysis ~150 pb-! tau threshold data and other data to
perform the tau related measurement to test the SM and
beyond

We will suggest BESIII experiment to collect more data
near tau threshold region



Thank you for your attention!



