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BEPCII, BESIII & BEMS
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» Symmetric electron-positron beams with c.m. energy between 1.84~4.95 GeV
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» Maximum luminosity reaches 1.1 X 1033 cm~2s



BESIII detector
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Multilayer drift chamber: g,.¢ ~ 130 pum (single wire), oy, /p; ~ 0.5%@ 1 GeV/c
Time-of-Flight system: o ~ 68 ps (barrel), o, ~ 110 — 65 ps (end-cap)
Electromagnetic calorimeter: og /E < 2.5% (barrel), o /E < 5.0% (end-cap) at 1 GeV
Resistive plate chamber Muon counter: AQ/4m = 93%
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BEMS layout at BEPCII north crossing point
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» Ortec n type coaxial HPGe detector

» Typical parameter of HPGe detector §
@® O: 6 cm, height 6 cm
@ Energy resolution dw/m: 103

@ rclative efficiency: 30%
» lead and paraffin are added to suppress
neutrons and low energy photons
» The detector is connected to multichannel
analyzer with Ortec DSpec Pro™

(integrated nonlinearity =250 ppm)



Beam energy measurement system (BEMS)

Energy of scattered photons:
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data taking history

> L : Data taking in 2011, published in 2014
OwW energy region Total lum. 23.4 pb-"
#1: 14 pb1, to determine background
> Near threshold S‘;aﬂ Ecy (MeV) L(nb™")
. P . p J/b  3088.7 785+ 1.9
#2: 39 pb. & #3: 26 pb, 2005, 3 910.3 4 3 1
to fjetermlne tau mass. 3096.7 243.1 + 3.3
» High energy region 3097.6  206.5+ 3.1
#4, 7 pb for X-sect. check 3098.3  223.5+43.2

3098.8 216.9 4+ 3.1

#5, 14 pb-! to calibrate efficiency 3103.9 317.3 + 3.8

Total lum. ~100 pb™!, uncertainty: 0.1 MeV T 3542.4 42521+ 18.9
3553.8  5566.7 & 22.8
v, W'scan ; 3561.1  3889.2 4 17.9
T 36002 9553.0 -+ 33.8

b 3675.9  787.0+7.2

a3 3683.7  823.1+7.4

s 3685.1 8324+ 7.5

A 3686.3  1184.3 +9.1
3687.6  1660.7 & 11.0

o T 3688.8  T67.7T+7.2

B L L L R 3693.5  1470.8 = 10.3

E MeV]




data taking history

Phase 2: final sample
Data taking in 2018, analysis under review
Total lum.: 137 pb' (12 days’ data taking)

Plan: 3 energy regions

» Low energy region
#1: 14 pb1, to determine background

> Near threshold

J /4 scan (31 pb~1) ¥(25) scan (64 pb~1)

1 o

nb
{4y
=
{=]
n

#2: 39 pb- & #3: 26 pb-, A [\
to determine tau mass o f T, E I [ 3
. . [ ] : [ [
» High energy region I I .
#4, 7 pb! for X-sect. check 100 / ‘!\\ £ 2ok \k
#5, 14 pb™ to calibrate efficiency b /.. e | ——
| WML Mev -0 5 0 w-EM‘z;fGS'. r-:ﬂ?:v
Total lum. ~100 pb-', uncertainty: 0.1 MeV
) T scan (137 pb™')
+J/Y, P’scan
b wf T — threshold .~ -
0.06;— ----- :E G0
Tn_osé 50
;50045_ 40
A 4
0.03f- ¥ 30
0‘025— 20
: 10
0.01 i3
SR | v errer s TT .
0 1770 177% 1780 1785 1790 1795 “ 1\4:!8‘(;(]) _1“ _E ﬂ 5 -1“ 1|§- Eu EE ﬂn 8

E-MTS, MeV



Tau mass measurement in 2014
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FIG. 4 (color online). Fits of the J/y (left) and v’ (right) hadronic cross sections.

— 1 fit_y PDG
All units are in MeV/c?. Am=m"*-m
Scan AM Oy,
J/w 0.074 4 0.047 £ 0.043 1.127 4 0.042 + 0.050
' 0.118 & 0.076 £ 0.021 1.545 £ 0.051 £ 0.069

Am, = 0.054 4= 0.030(stat) &= 0.012(sys) MeV/c?

BESIII doesnot correct T mass, quoted +(00>#0.032)_ ., o2,y as uncertainty



Tau mass measurement in 2014

final state 1 2 3 4 total

Data MC Data MC Data MC Data MC Data MC
ee 0 0 4 3.7 13 122 84 76.1 101 92.0
e 0 0 3 9.1 35 31.4 168 192.6 211 233.1
em 0 0 8 86 33 29.7 202 184.4 243 2226
elK 0 0 0 05 2 1.8 16 169 18 19.3
[LfL 0 0 2 29 8 9.2 49 56.3 5H9 684
LT 0 0 4 39 11 14.1 89 86.7 104 104.7
7359 0 0 0O 0.2 3 0.8 7 9.0 10 10.1
T 0 0 1 20 5 7.7 57 54.0 63 63.8
K 0 0 1 03 0 0.8 10 &2 11 9.3
KK 0 0 0 0.0 1 0.1 1 0.3 2 0.4
ep 0 0 3 6.1 19 20.6 142 132.0 164 158.7
pp 0 0 8 3.3 18 11.8 52 63.3 68 785
TP 0 0 5 3.4 15 10.8 97 96.0 117 110.2
Total 0 0O 44 44.2 153 151.2 974 975.7 1171 1171.0

PRD 90, 012001 (2014)
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Tau mass measurement in 2014
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tau

mass at BESIIlI in 2014

Systematic errors
Source keV
Theo. 10
Egpread 16
Escue ‘5o
Selection | 50
Eff. 48
Bg. shape |40
Lum. 6
Sum e

PRD 90, 012001 (2014)

TABLE VII. The 7 mass determined from fits with different
energy spreads.

SBEMS (MeV) 7 mass (MeV/c?)

1.383 1776.891201 1
1.469 1776.906" 155
1.553 1776.91910-1)2

Also calibrated with J/{y and ' samples

Event selection: energy dependent selection
criteria, difference between data and MC simulation
in PID, PTEM, ... (no correction, difference quoted
as systematic uncertainty)

Efficiency: difference due to uncertainty of R i.vc-
This is a double counting of the global normalization

Bg. Shape: use selection criteria optimized at high
energy points to the first data point below threshold

This is a double counting. oy, is a fit parameter.
12



2011/2018 data comparison

Jiy W’ T (pb-7)
(pb*) | (pb7) 3540 3553 3554 3560 3600
Mle™ MM Me' Ml Meh'
2011 1.5 7.5 4.3 0 5.6 3.9 9.6
2018 | 32.6 67.2 255 426 27 .1 8.3 13.9

statistical precision = < 50 keV

3553 MeV data are more sensitive to tau mass, more luminosity,
almost no background

systematic uncertainty = < 50 keV

BESIII 2027: (177xxxx+<50+<50) keV, a total uncertainty of ~70 keV
1

better beam energy & energy spread calibration (better understanding of
the HPGe detector calibration & larger J/{y and {’ data samples)

better measurement of background contribution
better calibration of detector responses
Improved cross section calculation (next page)
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tau atom production at threshold

ete” — 77~ — vX X" around the 77

@ Updated cross sections

O'ex(VV, M\l 4, 5%) —
‘

® Cross sections in BESIII, 1405.1076

o(Ecm,ms,

Fu et al., 2305.00171

n=oc0 (E=0)
3s,
n=3(E=-2.6keV)
\ Q Y(OL.1 ps)
(690 5 fS] X S W (966.7 fs)

n=2(E=-59keV)

f (204 s fs) T (286459 / .
Y (917.6 fs)

n=1 (E=-23.6keV)

IIQ

! 2
—(Ecv—Eony)

ff (25. 6 fs “{Y (35.8 f5)

a(W V1 — x, mr,®)
11 -TIW VT —x)?

(W) =a" (W) +5(W)con.

dxF(x, W)

1 G2

éBE\IS) 1

3 ¢ o1 (Bt V1 —x,m;)
dE/* e 2(53]3&[5)2 / EC,I\/I d:L’F :L‘_IE,w ” CM 3 ‘
CM 0 ( y C)I) ‘1 _H(EC)PI)P

® Difference: shift 2m; to m(J;) in the range of integration and add I'; as a
variable of the cross sections after including J-(nS) atom.



tau atom production at threshold

Fu et al., 2305.00171

Green function approach to bound states is consistent with Breit-Wigner formula
for a narrow bound states

5T (W) = —6(W m(Jr(nS))F(J-(nS) — e¥e™)Br(J-(nS) — vXTvX~) (6)

lgnore the binding Energy of J.(nS) for it much less than 4,

672

55 (W) = 720(W —2m;) 3 T(Jr(nS) = e"e™)Br(Jr(nS) — 2XTvX7) (7)

The resulting NLO expression for 577 (W) is given by

(10)

W —2 13.8 keV
EJ%VV)(311iO(D)6( Mr © ) pb,

1 MeV
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tau atom decays

Fu et al., 2305.00171

Ftota,(JT(nS)) = FAn,-(JT(nS)) + FWeak(JT(nS)) + FEl(JT(nS))
[ ani(Jr(nS)) = (2+R)(J(nS) = eTe)
rWeak(JT(nS)) — 2r(7_ — VX_)

TABLE II: The decay data of J.(nS ) in meV.

n I or, rp™ ries it gt
1 6.484 4.535 0.0000 32.695  0.899
2 0.808 4.535 0.0000 8.044 0.455
3 0.239 4.535 0.0072 5.573 0.195

Dl 1.795 + 0.012

16




Am_=—4 keV with tau atom ignored

Fu et al., 2305.00171

Beam energy spread=1 MeV

o (pb)
=
R

3 O.atom (mE_DG )
10 - O.con.(mE’_DG)
— O.total(mEDG)
c 2m -
107, o
3530 3535 3560
W (MeV)
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Ryx+y-g(W,dw, mr) =

Discovery of the tau atom at STCF?

Nx+y-g
N

P

TABLE III: Numbers of e*e™ — X*Y K and "~ events and their

statistical uncertainties in the pseudoexperiments with m, = m

PDG
- -

Fu et al., 2305.00171

There is a 96% chance of
discovering J:(nS) with a

i Li/fo™" W;j/MeV NS data_—
, 1 HOH . - . Y
I 5 354900 0.1+12 (1176400003 < 107 Statistical significance >50
2500 355256 (8.772=0.009)x 105 (1.17394 x0.00003) x 10°  With ONE year’s data
31000 3555.83 (24052 %0.0005)x 107 (234331000005 x10°  taking @ STCF/SCTF
1
102k B
10—3%JLdt=1.505 ab™ 0.8] J'L dt = 1.505 ab™
104 2
5L B o06f
107 -
g A E e g -
1078 _ - 2 o04F
1 0—7 ;E 0'998:_ ’ 7ewithout J: /R b -
10_8 E 0:994 :—0' 0.2 y
1 0_9 E I | I I3)552 I I35‘53 ;35‘54 I ?5:55 3:556 I - I . I | I | I I I | I I I | I , I
3550 3552 3554 3556 3848 °3550 3552 3554 3556 3558
W (MeV) W (MeV)

Tau mass with keV precision: m; = (1776 860.00 + 0.25 (stat.) +0.99 (syst.)) keV



Sub-keV tau mass measurement at STCF?

Fu et al., 2305.00171 KEDR, PLB573 (2003) 63

02.04.02

&
I

Run 500 E,=1846.69 MeV

Sources o [keV o é ............................. é ............................. — f@'i ..... ..... ;: ...... = éé ...... .............

Energy scale of W, 0.72 e LI T
° : :

Energy scale of Ws 0.35 Eolo e " Ecor = (18469462 00019 MV
Energy Spread 0 1% 0.59 :_Eg:‘ i Fd;p=(654018.é3i2.5) Hz

Efficiency 0.04

| L L
Theory 0.07 " 285E3SSNESYSREBT
OO0 0000 OO O DO OO :
Qe ggggggggg ....... 888328 ............. s
Systematic uncertainties  0.99 R TR R EEE R R TR R E:R A
0 200 400 600 800 1000
T, sec

Require resonant depolarization method for sub-keV level beam
energy measurement and beam spread determination. Stable
accelerator operation is also crucial.



Summary

Beam energy measurement system enables high precision

measurement of BEPCII beam energy
BESIII published tau mass with 2011 data, precision ~ 170 keV

BESIII accumulated more data for tau mass measurement in
2018, both the statistical and systematic uncertainties are
expected to be better than 50 keV

With resonant depolarization technique developed at STCF or
SCTF, tau mass with precision of keV level may be achieved

together with the discovery of tau atoms.

20
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Installation of BEMS

* ‘Ilr ’ P
= “Vacwum chamber

‘Cennection between-laset and-vacuum
' S <

i

i ' HPGe detection system




Detector calibration

Source | Decay half-time, years | y-rays energies, keV [ oo
e 3007 6616570003 | [
1173.228+0.003 | [
“c 5.21
’ 13324920004 | B
2 583.187 + 0.002
2087y, (208 ; : :
W) 1916 min) 614,511+ 0010 | R B

(w-wp) in units of o

%Co (1173.228 keV) 32ndf = 28.0/28

1166 1168 1170 1172 1174 1176 1178 1180
E [keV]
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