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* (2S5) decay to lepton pairs, the relationship of their branching
fractions of these decays with Lepton Flavor Universality (LFU )

. ~ ~ BTT
hypotheses: Bge = B, = 00 = By;

* The combined results of B factory and LHCb show a deviation from
the SM prediction by 3.10. the ratio read R(D*) =
r(B—»DWtty,) (1= e u
r(B—D® 1+y)) —&H
 BESIII Collaboration have collected about 3B y)(2S) events, more
precise measurements are expected

Introduction
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,,:} ' Data sets and MC simulation BES]]I
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»Data sets :1)(2S5) 2259.3M (2021)
> Signal MC:9(25) - ¥+ (efv,vutv,vp) (ConExc)

 Particle vpho 3.686 0.00093
* Decay vpho

e 1.0 ConExc -2 15 -15;

* Enddecay

* Decay tau-
* 1.0000 e- anti-nu_e nu_tau PHOTOS TAULNUNU;
* Enddecay v,

* Decay taut
* 1.0000 mu+nu_mu anti-nu_tau PHOTOS TAULNUNU;

* Enddecay

e End
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,} Data sets and MC simulation
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* Background simulations:

Drocesse generata o [nk 0. C processes MC generator o [nb] No. of
events
+,- + ,—
Y(2S)>e* e~ | PHOTOSVLL |PDG 500K ¢e ve’e  |Babayaga | o44.13 | 500K
Ye~—utu” Bab 6.70 500K
»2S)—utu~ | PHOTOSVLL |PDG 500K e HObERE
ete " —yy Babayaga 25.89 500K
YRS —ntn” PHOTOSVLL | PDG 500K " —
e"e” > e"ee’e DIAG36 414.0 1M
Y(2S) » anything | Lundcharm PDG+Model | 1 Lum ete- - ete-utu- | DIAG36 3049 M
Y(2S) —» em3v | PHOTOSVLL |PDG 1M cte- >e'en | EKHARA 00 ™
Y(2S) - enn®3v | PHOTOS VLL | PDG 1M ete~ - ete EKHARA 0.26 1M
Y(25) » pn3v. | PHOTOSVLL | PDG 1M ete” > ete " KTK~ | GALUGA20 |0.18 1M
Y (2S) - nnlv PHOTOS VLL | PDG 1M ete” »eten™n~ | GALUGA2.0 2.33 1M
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Event Selection

> Track level

 Charged track (Vr<lcm, |Vz|<10cm, |c0s0|<0.93, ptrk<1.2GeV, vertex fit)

* Neutral track (Emc>25MeV(barrel), Emc>50MeV (Endcap), 0<Tgpc <
14 (50ns), 0, ¢ > 10)

* PID for electron (0.8 <E/p <1.2, )(CziE/dx < 4, Atof < 0.3ns)

* PID for muon (E/p < 0.7, )(CZIE/dx< 4, Atof<0.3ns, fgep > 81%(ptrk-0.65) cm
* 2.5<Tof <5ns

MEREER!

Evantsl0 01 (GaVic)

:l: |:Ill| '.'llﬂ |:II! : -l: i4d
P {Eevic) T (ns)
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Event Selection(1l)
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(M_mis <3.05 GeV) Z

1500

Tt
B

3000

.“I".]lllllllllll

e Polar angle of the missing particles |cos0|<0.8 ok o

.................................

-1 -08-06-04-02 0 0.2 04 06 0.8 1
COSG

2026/7/17 FL2ESREYIEEE RS



Background analysis

No. decay chain final states iTopology  nEwt nTot
0 Y =777 77 — e 77 — pTr e M P T 1] GA245 64245
1 " = 7777, 77 = Tl TT = € ety Bt T I ET My b 1 63262 127507
2 W =TT T T T — W e TP T M 2 e 132052
3 v =TT T o, T — [T P 4 48060 137407
4 " =TT T = p TP, T — & Ve MrYFSRE Dot T ET My b B 4166 141573
5 @ =TT, 7T = T M, TT — T MMV RSR ET R P T by 3 4141 145714
G o — 77T 7T — e M, T — T MOVESR e BT Ml 10 382 146096
7T =gt ot 2 atd¥% 77 — e B YRsR TR S T 15 325 146421
B o — st ot — et — e KV REY — K [ERn T Sl T T 14 141 146612
9 P —TTTT 7T = pT YRS, T € Ml VESR Pt TP ET My b 12 163 LAGTTH
10 P = 7777 77 — €T WP YRERTFSR. T — 0 Bl T M Bl it by 11 153 146928
11 o — 7777 77 — T, T~ — W W W Mr ETEL T T W M 13 141 147069
12 " — ¥ vt et K — e, RY — K b e Kpv.wt 19 132 147201
13 ' — 777 77 = a TR R b, T — € Ml Pelte T € M T 22 124 147325
14 9" = 7T ypsR, T — e M, T — T M e M Pl L b 17 n2 LATATT
15 @ = 7577 ypgR. 7T — pT i, TT — e T ey Pt T T by b 24 h2 147429
WG " = 7577 77— pTe e TT = p T [T T E g U8 T 20 hl 147480
17 " — JhheTeT S — T e T ypsR eta e wt 8 43 147523
18 o =5 7t w7t 7%, v — [T o (E. r”;f._ v A1) RE} LATRAT
19 ' =777, 77 —= KT, 77 — 8 Vel [T S T 0 a1 147has
20 o — 7T T — e b, T — KT R T A TR T Gl 24 147612
21 o =TT T = Tl T = Ty [ 2 T 16 22 147634
22 Y =TT T — T M YRS RYESR. T — T My ETEL T Vel 21 14 147650
23 W — st et KR T — e ra g, KV — K Bobe T Kppowt iTH] 13 LATGGS
2 Y =TT T = T, T — B Pl ET BT Ml 41 11 147674
25 o —w vt s bt et e T — e BerrvEsR I T T s hl 11 1ATGEG
M Y =TT T — e YR T — W W W My ETH T T Ml T 15 q 14769
27 W — vt = e T — e R FERYFSR Pptre T T G4 0 147703
28 o =t vt et b ovpsR T — v KV RKY — Ky eto T Ky, 55 7 147710
29 ' — JhheTeT, /Y — €T e yrsrTEsR etn e wt 42 7 147717
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Cut flow

Criteria efficiency requirements
Basic selectioin 0.8206 Ntrk=2, |c0s0[<0.93, 2Q=0, vertexFit
Emc>0.025 GeV(Barrel) Emc>0.050GeV
emuDecay=1 0.4245 Electron muon events requirement
Tof requirement 1 | 0.4233 2.5<TOFI1<5.0
Tof requirement 2 |0.4221 2.5<TOF2<5.0
Ngam =0 0.3503 Number of photon 1s zero
M. .. <3.05 GeV 0.3491 Missing mass requirement
lcos0 .. |<0.8 0.3086 Absolute value of missing cos0
EnergyDep<2.0 0.3065 Deposited energy of two tracks in EMC
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Cross section of (e"e— TT) BGS]]I

chpsmTﬂ}:/ dVs'G(Vs',\/5)
Jo

A Energy spread

el'r'.v'.|EL

K /1 TLdIF{I S,}r:‘rmt(S’(l _z),m) \/EI nominal C.M. energy
/ i mea-oe . [1] Vs’ actual C.M. energy

_ B am _1,.,9
F(z,s)=02"""[1+4+— 3 — 2+,3 35
L A1 : 32[4(2 3:2& In— —1
— 337 1= B( —5-’1-}4‘@ [4(2 — =) S R
_ 2
111%—14_3{; len{l—:cj—ﬂ—l—f::]

[1]E. A. Kuraev, V. S. Fadin and S. Victor Sov. J. Nucl.Phys. 41, 466 (1985).
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Cross section o (ee—> tT)(II) BGS]]I

1
GV V) = gore™ 2]

ﬁtnt(ﬂ) — FS(S} ' (Ucﬂn[S) + Uint[S) + Ures(S])/Umn(S)

Ooun(s) = AT’ ? m(3 —v?)
35 2 Fy(s) = 0con(s)
Ores(8) = 1272 = exp(=maft)
res — {5 . M:%}E 1 ﬁfﬁfg ! 2
_ (S} — SG'FE 5 — ﬂ'f?q i =1-— 4m?-
Tint T ﬂ-ﬁ (5 — ﬂf%jz —+ ﬂ;f}%rg )

2] P. Wang, C. Z.Yuan, X. H. Mo and D. H. Zhang Phys. Lett. B 593, 89 (2004).
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Cross section (ee— TT)

4F -

3 -
g 25_ _E O-Q+I 22125ﬂb
o 1 —

0 f_ ZroToo ‘ e _f

B} ';

ooy o by by by oy by by
367 3.675 3.68 3.685 3.69 3.695 3.
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Branching ratio calculation BESIE

- This term 1s
Neu R Nbg estimated by
0] L QED calculation
Be Q+1

B — S ——
(T Ny (2s)

» B fraction of T7t~ events yielding the eu topology. 0.6190 (PDG)

> Ny,

» € detection efficiency

Npg, Ny(2s) Events number of eu, background and y(2S)

» dg4+1 QED production cross section 2.125nb
» L the accumulated luminosity ¥ (2S)
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Branching ratio calculation(II) BES]]I

No.lc.)..s Nbkg L £ o(nb) |N(10°) |Br(10-)
(pb*)
280412111839 |3208.5 [0.3065(2.125 |2259.3 |3.240+0.023(sta.)
+0.081(sys.)
This work (3.240+0.084)X10-3

(3.1 + 0.4) X 103 (PDG)
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Systematic uncertainty

* tracking efficiency 1% [3]14]
* 1(2S) total number 0.5% [5]
. .. 1 (1-¢)
MC statistic NG 0.1%
* Tau branching fraction 0.3% (PDG) [6]
e LUMIiNoSsity 1.1% [7]

] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 92, 112008 (2015).
] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 122, 071802 (2019).

M. Ablikim et al. (BESIII Collaboration), Chin. Phys. C 48, 093001 (2024).
R. L. Workman et al. (Particle Data Group), Prog. The-or. Exp. Phys. 2022, 083C01 (2022).
C.M. Carloni Calame, G. Montagna, O. Nicrosini and F. Piccinini Nucl. Phys. B - (Proc. Suppl.) 131, 48 (2004).
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Systematic uncertainty (11I) BES]]I

* PIDfore& u 1.2% -

* Land T separation 0.5%

* N, requirement 1.0%

* M..;. requirement 0.8% - [8] 2502.19850[hep-ex]

* |cosfis| requirement  0.1%

* Background rejection 0.3%

e cross section calculation 0.4% -
* Total systematic uncertainty 2.5%
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Branching ratio of lepton pairs

B.. (10-)

B,.(10-°)

B.. /0.3890 (10-3)

7.9320.17

8.00+0.60

8.33+£0.24

2026/7/17
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* The branching fraction B,, of ¥(2S) — 777~ has been measured with
improved precision.

Summary

* Assuming lepton universality, the average value of branching fraction
of lepton pairs B;; are determined and total width of resonance Y (25)
has been calculated.

* This result, along with previous data of B, and B, 1s in agreement
with the relation predicted by the sequential lepton hypothesis.

Thanks for your attention !
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Systematic uncertainty study (back up 1)

To estimate the uncertainties due to the particle
identification of the electron and muon, the two
processes eTe” — yeTe” and eTe” — yuTpT are
selected as control samples with 1/(25) data. For
the former, the corresponding MC sample is gener-
ated with the BABAYAGA [23]. And for the latter
process, the KKMC generator is used. The differ-
ence of the PID efficiency between data and MC
for the e and p tracks is obtained using a weighted
method and is found to be 0.9% and 0.8%, respec-
tively. Accordingly, 1.2% is taken as the combined
systematic uncertainty from the PID of the electron
and muon.

e & pu PID" uncertainty

2026/7/17

To investigate the uncertainty associated with the
requirement applied to distinguish between pions
and muons, ¥(2S) — 777~ J/Y and J/U — pm —
mta~m” control samples are used, and correspond-
ing MC samples are generated. The maximum rel-
ative difference of the detection efficiencies between
data and MC simulation obtained with and with-
out this additional requirement is found to be 0.2%.
Taking into account the pions background contam-
ination estimated in Sec. III, the systematic uncer-
tainty on the branching fraction is caleulated to be
1.0% in the decay ¥(25) — 77,

1 & pdifference uncertainty

Fl2EeYEEsEARS
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Systematic uncertainty study (back up 2)

To evaluate the systematic uncertainty associat-
ed with the missing mass M. and cosfl,., we

The uncertainty associated with the number of pho- - -
vary the missing mass from 3.05 to 3.10 GeV /e

tons is estimated from the efficiencies between data

2' T . .
and inclusive MC simulation with and without the or 3.00/c” GeV. _Thﬂ AKX O_dlf_fcrcnce of the
photon number requirement, and the difference is measured branching fraction, 0.8%, is taken as the
found to be 0.2% ' systematic uncertainty. Similarly, the relative dif-

ference is regarded as the uncertainty by varving
costmis from 0.80 to 0.75 or 0.85, which is approx-
imately 0.1%.

N, =0 uncertainty Mp,is & |cosB| uncertainty

The uncertainty associated with the background
contamination is estimated by changing the branch-
ing fractions of the corresponding background pro-
cesses by one standard deviation. The resulting
change in the measurement result, 0.3%, is consid-
ered as the systematic uncertainty.

Taking into account the uncertainty associated
with the ec.m. energy measurement, which is 1
MeV from the energy measurement system and 0.4
MeV from the energy spread conservatively, a re-
sulting difference in the QED cross section calcula-
tion, 0.4%, is regarded as the uncertainty.

Background uncertainty /s and A uncertainty
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