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T

Need more precise measurements m,, I, (g —2), in PDG 2022

Mass |m = 1776.86 & 0.12 MeV/|

(m_y — m__)/Mayerage < 2.8 x 1074, CL = 90%

Mean life|r = (290.3 £ 0.5) x 107 1% s
cr = 87.03 um

[Magnetic moment anomaly > —0.052 and < 0.013,|CL = 95%

Re(d,) = —0.220 to 0.45 x 1071¢ ecm, CL = 95%

Im(d,) = —0.250 to 0.0080 x 10~'® ecm, CL = 95%
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m, and lepton universality, 1405.1076

e Comparing the electronic branching fractions of 7 and p, lepton universality can
be tested as

2 5 —
g Ty My~ B(T — evi)
ST =B E)) = "1+ Fy )1+ F 1
(gu) Tr (m.,) B(,u—>e1/17)( AL E). )
e BESIIl measurement, 1405.1076
g 2
(—T> = 1.0016 4 0.0042, (2)
8u
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Measured m., from Belle Il 20

1776.86 + 0.12 MeV/c?
£1776.91+ 0.12 + 0.13 MeV/c?

1776.3 + 2.4 + 1.4 MeV/c?

0
Belle (2007)$51776.61 + 0.13 + 0.35 MeV/c?
BaBar (2009)$:1776.68 + 0.12 + 0.41 MeV/c?

Belle Il (2020)5¢1777.28 +0.75 + 0.33 MeV/c?

1773 1774 1775 1776 1777 1778 1779 1780 1781

m, [MeV/c?]
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m, measurement at BESIII, 1405.1076

2.0
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3540 3550 3560 3570 3580 3590 3600 3610
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o(Ecn, mo, 65EMS) — 1 /Oo dE, e%/ BEy deF(z, Bl )Ul(E/CM 1—a,m;)
s Mgy = M " ’ M
v V2mdBEMS [, 0 1 —TI(Ecm)?
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New data taking scenario at BESIII, from Zhang Jianyong TAU2018

Data comparison

Jiy W T (pb)
(pb-") | (pb-) 3540 3553 3554 3560 3800
Me Me Me\ Me\ Me
2011 1.5 7.5 4.3 0 56 39 9.6
2018 | 3286 672 255 426 271 83 13.9
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New data taking scenario at BESIII, from Zhang Jianyong TAU2018

Three energy regions: I 7 — threshold i

» Low energy region
Point 1, 14 pb%, to determine _ .F
background f,m_

» Near threshold
Point 2, 39 pb* and point 3, 002k
26 pb?, to determine tau mass ook 3

. . 1 2;

» High energy region I L R
Point 4, 7 pb- for X2 check £ MeV]
Point 5, 14 pb to determine .
detection efficiency We obtain more than 130 pb!

Total lum. ~100pb, tau scan data!

uncertainty: 0.1MeV

2018/09/24-28 Zhang Jianyong 16
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QED atom

® QED atoms (ete™, uTe™, 7re™, utp~, 7Fu~, 7777) are formed during QED
interaction just as hydrogen.

® The properties of QED atoms have been studied to test QED, fundamental
symmetries, New Physics, gravity, and so on (hep-ex/0106103, 0912.0843,
1710.01833, 1802.01438, Phys.Rept. 975 (2022) 1-61).

©® Only positronium (ete™) and muonium (" e™) had been discovered in 1951 and
1960 respectively.
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77~ atom

® 777 atom is the smallest QED atom for Bohr radius is 30.4 fm (Moffat:1975uw)

@® 777 atom is is named tauonium (Avilez:1977ai,Avilez:1978sa), ditauonium
(2204.07269, 2209.11439 ), and true tauonium (2202.02316).

©® We named them following charmonium just as J-(nS) for n>>*1L; = n3S; and
JPC =177, x74(nP) for n*>*1L; = n4 13P, and JPC = J++,

@ The production of 7, has been considered (2202.02316), and the production of J;
in electron positron collisions has been estimated (0807.4114).

©® The spectroscopy of 7777 atoms has been studies (2204.07269).
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The spectroscopy of 777~ atom, 2204.07269

n=co (E=0)
eee 3s,
n=3 (E=-2.6keV)
P 3'S wl.l ps)
- Z \
ff (690.5 fs) 2, YY (966.7 fs)
n=2 (E=-59keV) —=
L 2's,
ff (204.6 fs) q\(‘y (286.4 fs)
I's, Y (917.6 fs)
n=1 (E=-23.6keV)
- 1's,
{f(25.6 fs) ?y (35.8 fs)
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Yy — nr — 77, 2202.02316

Colliding system, c.m. energy, Lin, €xp. o x 8B, N X 8B,
7.(1S)  1(2S)  xco(IP)  xe2(1P)  LbL To To Xe2(1P)
e*e” at 3.78 GeV, 20 fb~!, BES III 120fb 3.6ab 15 ab 13ab  30ab 0.25ab - -
e*e” at 10.6 GeV, 50 ab™!, Belle IT 1.7fb 035fb 052fb 077fb 1.7fb 0.015fb | 750 38500
ete” at91.2 GeV, 50 ab™!, FCC-ee 11 fb 2.81b 391b 6.0 fb 12fb 0.11fb | 5600 3-10°
p-p at 14 TeV, 300 fb~!, LHC 7.9 fb 2.0fb 2.8 fb 43fb 63fb 0.08fb 24 1290
p-Pbat 8.8 TeV, 0.6 pb~', LHC 25 pb 63pb  87pb 13pb  21pb 0.25pb | 0.15 8
Pb-Pb at 5.5 TeV, 2 nb~', LHC 61 nb 15 nb 21 nb 3lnb  62nb  0.59nb 1.2 62
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vy — 1, — vy at Z pole, 2202.02316

e*e at {s=91.2 GeV e'e at (§=91.2GeV, L =50ab”

Xcz

3550 3552 3554 3556 3558 3560

do/dm,, (fb/MeV)

To
T n1s) "

c0

T reed

udodata - Backgd

‘*ﬁﬂﬁ L{ﬁ*ﬂﬁ"“ﬁ“ﬁ ]

400
2900 3000 3100 3200 3300 3400 3500 3600 87008 e LAl ol e o]
m,, (MeV) my, (MeV)
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Recent progress: NNNLO

@ AMFlow: 2201.11669, 2201.11636, 2201.11637
® ete™ — tt at NNNLO in QCD, 2209.14259
® T — ete, decay constant of B, 2207.14259, 2208.04302
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ete” — 777~ — vX uXT around the 777~ production threshold

@ Updated cross sections

oo R T o
26“ W/ 1 _
TatWmlD) o = | dws f (W) TN ()
@) 276, 1 —TI(W’ V1 = x)]?

® Cross sections in BESIII, 1405.1076

—(Bop—Bey)? o1(E! Vi—z,m )
o(E ,mT,(SBEMS / dEl\ e 206BEMS)2 / CM da:F (z,E 1\ oM M
(B )= \/ﬂ(gBEMs M o) 1— [[(Eow)?

© 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.
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(W, m.,T,), 1312.4791

9 5( W> mr, r’T)

_ 4o 241
a(W,m:,T;) = IW2 Wzlm [Gox+ux—(0,0, W —2m;)], (3)

® Gyx+,x-(F, 7', E) represents a Green function of 777~ currents in the
non-relativistic effective theory, where 777~ decay to v X v X~

n (7’ BK V)T
e €0 5 H sty e [ 250D
k

® Then

5’( W) = 5'JT(W) + 5'( W)continue (5)
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Breit-Wigner formula

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

6JT(W)— 5(W m(J-(nS)))F(J-(nS) — et e )Br(J-(nS) — o X vX~) (6)

@® Ignore the binding Energy of J.(nS) for it much less than ¢,

6

—J;

—— (W — 2mT)ZI_ nS) — e*e™)Br(J;(nS) = vXtvX") (7)
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Decay mode of J.(nS)

rtotal(J‘r(nS)) = I_Ani(J (nS)) + rWeak( ‘r(ns)) + rEl(J‘r(ns))
Cani(J-(nS)) = 4.2I'(J(nS) — ete)
Mweak(Jr(nS)) = 2[(r = vX7) (8)
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© Numerical Result
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Decay mode of J.(nS)

TABLE I: T'(J:(nS)) (meV)

n|Te*e) Tweaxr Trr T T(ete”)Br(vX vX™)
1{6.1362 4.5346 0.00000 30.3066 0.9181
210.7671 4.5346 0.00000 7.7561 0.4484
310.2273 4.5346 0.00724 5.4964 0.1874
410.0959 4.5346 0.00506 4.9424 0.0880
5(0.0491 4.5346 0.00325 4.7440 0.0449
6| 0.0284 4.5346 0.00214 4.6561 0.0277
71 0.0179 4.5346 0.00146 4.6112 0.0176
8/0.0120 4.5346 0.00104 4.5849 0.0119
910.0084 4.5346 0.00076 4.5700 0.0084

tau tau atom and tau mass 24 /31



Numerical Result
[e]e] le]e]

Cross sections from J,(nS)

® Then we get the J;(nS) contribution the cross section in Eq.11

g7 (W) = 3.26 §(W — 2m,) pb MeV (9)

® Updated (W, m,,T)

F(W) = 3.266(W — 2m,) pb MeV + 0(W — 2m.) Continue (10)
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Nomber of enents of J. — vX v X™ at BESIII

BESIII collect 42.6 pb~! data at 3553 MeV and 27.1 pb™! data at 3554 MeV in 2018.
And §,, = 1.2 MeV. Then the nomber of enents of J. — v X~ X' at BESIII is

Ny ~ 50 x Exp[—(W — 2m;)?/(2.88 MeV?)] (11)

We can discovery J; at BESIII.
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m, Estimate

® The data include contribution from J-(nS), so the continue contribution will be

suppress.
® m; will move from 1776.91 MeV to about 1777.77 MeV during BESIII data in
2011.

® I and (g — 2), will be measured at STCF.
O Updated BESIII measurement, 1405.1076

2 5
2 1776.91
(g—) — -7 X 1.0016 + 0.0042 = 0.9992 = 0.0042, (12)
8. ) Updoreg  LTT1.T7
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O Discussion
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Discussion

@ J, may be discovered at BESIII.
® m; will be enlarged.
® I and (g — 2), will be measured at STCF.
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Thanks
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Process, c.m. energy, Lin, exp. olutu” + LH] Nlu*u + LH] Significance
¥(2S) Continue J: ¥(2S) Continue J:

putpm at 3.554 GeV, 100 fb~!, BES III - 6.9 nb 0.94 pb - 0.69E9 94E3 360

ptp~ or LH at 3.554 GeV, 100 fb~!, BES III - 21 nb 3.0 pb - 2.2E9 300E3 6.40

uu via ISR at 10.6 GeV, 50 ab™!, Belle I 108 fb 8.7 pb 7.7ab | 5.4E6 440E6 380 -

uru via ISR at 91.2 GeV, 50 ab~!, FCC-ee 1.6 fb 127fo 0.12ab | 80E3 640E3 6 -

Discussion
[e]e]e] )
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