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BESIII Detector

agnet yoke

SC magnet, 1T

RPC

CGEM from 2024

e beam pipe™ FEE- AS

Total weght 730 ton,
=2 ~40,000 readout chnls,

MDC, 130 um
&= Data rate: 5kHz, 50MB/s

0.5% at 1 GeV/c

«le
CsI(TI) calorimeter, 2.5% @ 1 GeV q
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Events in detector
e"e” annihilation
Synchrotron radiation
Beam-gas
Beam wall (e-p, e-n, ...)
Beam-beam interaction
Lost beam particles
Electronic noise (Junk event)
Nuclear interaction (final state particle + detector)
Cosmic rays (angular distribution, rate)

Air shower
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Physics processes far below Z-pole

« QED
— Bhabha
— Di-mu
— Di-tau
— Di-gamma
« Hadrons at continuum (R-measurement)
— Continuum production of hadrons
— Two-photon processes
— ISR (initial state radiation)

12
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Physics processes

 Resonance
— BW (Breit-Wigner)
— Radiative correction
— Beam spread
— Resonance scan for parameters

 Resonance decays
— Various decay modes (below/above open charm)

* Possible interference between resonance and continuum
— Irreducible background and impact on BF measurements
— Phase between EM and strong amplitudes

14



o (nb)

At resonance peak

127 - T.T';
(Wz _ Mﬂ)ﬂ + FEME

O'Bw(W) =

Tre (W) = 0/ dz F'(z,s) T H(Sgl — :ﬂ))PJBW(S(l — z))

Atw(2S) |Born |[ISR |A=1.3MeV
o0 Gpgs (D) | 7887 | 4046 | 640

Gan(W) = [ dW'ore W)GW', W) [ocon ()| ~14 | ~14 [~14
O

. . Continuum contribution becomes
G(W, W) = ﬁe‘iﬁﬂ‘J— larger after considering ISR and
2m beam spread!
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o

v’ decays f(ﬁi

~J

Transitions (~82%)
— Hadronic transitions (~54%)
— Radiative transitions (~28%)

Leptonic decays (~ 2%)
Hadronic decays (~15%)
— Strong decays (~13%)
— EM decays (~ 2%)
Radiative decays (~ 1%)

Rare decays and beyond SM (<<1%)
Similar for J/y decays, but BR different.

Mﬂt

16



Continuum amplitude is important for high
precision BF measurement

Branching fractions

:
e
e Y (c©)

phase (b) one photon process

o

(a) three gluon process

+

e
>WVW\/<<‘”0’1

e y*(e+e')

(¢) one photon continuum process

17



Branching fraction

obs
B=""L2 (9
Ntot (?)
B (nobs_ncont)/g 0
B = Ntot (?)

[eg. wrare decays, EM decays, strong decays, transitions/

Interference between continuum amplitude and resonance
amplitude 1s very complicated, needs to be very careful.

[Y. P. Guo and C. Z. Yuan, PRD 105, 114001 (2022)]
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Events / 0.002

e N 1 TN G TR ' T s B =9
o 0 o G O h O

10

oo O

Observation of ¢’ 2> KK,

-+ 'Data

—Fit result —
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K% ]
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3773

—+-Data —

— Fit result
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----Continuum’ |

4226

1.05 1.1

PRL132, 131901 (2024)

—— Data

— Fit result
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_____ Continuum
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Ly
oizsa
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A hadron decay!
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BB E

— Cosmic rays

— Electronic noise

— Beam-gas interaction

— Beam-wall interaction

— Other non-physics events
— Reduce QED background

o« ik FR% (trigger)

- REFRAXR, (BRFESHE (EEIL100%)

o HIEXEKE (DAQ)

- 1IEsRIaY

filh & BB B AVER FEFIEL

—_
_'5-

L
—
Tl
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Monte Carlo #&#)

« Monte Carlo =11
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=EME (Bhabhailsf, Ecm=4.26 GeV)
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BESIII: Chin. Phys. C 39, 093001 (2015)
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Events / 1 degree

Ll

- —data
3 | L
10 S MC .
102 =
- }
B t
10 =
=ikl I
— | | N | |H H| 1 1 1 | | 1 1 1 1 | | | | | | | | 1 1 Ll | [ I
40 -30 -20 -10 0 10 20 30 40

EMNE (Bhabhat+yy)

Ad / degree
Ad=|p1-92|-mt, ¢ measured in EMC

BESIII: Chin. Phys. C 39, 093001 (2015)
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(Bhabha+yy)

. MC Sample . Data Sample|
S S |
[} o &
O 2 1'l'f 0 O 2 1‘.""’
Wl W
1.5 1.5F
. 102 .
1- 1-
E =10 -
0.5 0.5
I T B SRR SR R I L Y s ot
O 05 1 15 2 1 o 05 1 15 2
EY (GeV) EY (GeV)

Crystal ID

Normal EMC readout

4
3r

2t

2 1 2

17 44 9 1

59 1592 72 3

27 176 55 3

9 11 4

23 24 25 26
Crystal ID

MC doesnot simulate data well, in some cases

RGRESITT

PR BERE 5 — 1N T

BESIIT: Chin. Phys. C 46, 113002 (2022)

Crystal ID

With readout error

1 2 1
5 14 32 8

-1 3 75 error 39

-1 15 33 33 46

1 3 2 2 7
ol | | | [

56 57 58 59 60
Crystal ID
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ole’e > )=

M= BT

o BRI

N;bs_kag
E; &, (1+0)- L
THINE

oxc|F|?
« RER MR (BW) , RIF/~
e ¥IZ%EET (ISR) BRI
— Take data at s, but do physics at s'<s!
— BaBar, Belle, KLOE, Belle I, BESIII

BESIIT: PRL124, 042001 (2020)
BaBar: PRL103, 231801 (2009)
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« BESIIl e*te™>> pp

o« ¥ F&E#: form factor?
*Z wh 7 #iH

. 5EEF

—_— Fit
I BESII 2020
e BESIII 2015
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BESIII: PRL124, 042001 (2020)



HENE: BEEITE
e BaBar e'e>n'n; SunidiEtb{E?
. Eﬁ?*&ﬂﬁ-)aw o, HriIE

“)3?/\ £

—~ 10°E 4
=) = =
£ \\ -
= 10g ] _
S "

5 "

% 1 3 -+ +++.++++ =
5 10 'I' '1'_1_—1— +t -

s 3
I

B

—

EWRTITT i

Vs (GeV)
BaBar: PRL103, 231801 (2009)

1 I 1 1 1 1 1 1 1 1 1 1
0.5 1 1.5 2 2.5 3

33



SEMNE: RE

MR antl—se 3T ES IR BI 2N
—Running o; (g-2) ; #RFAIEIEIRIY

M=Z==: R=c(e'e™>5EF) /0% (e’'e™>puu)
c(ete™>IEF)=Xc (ete >, FTALAMIF?
~iv: o=N/L

Nchz)csl_kag_lel_Nyy
/

R=—
O Epaa  Emg(1+0)- L

34



gy ENE: RIE

Nch:cSl_kag_lel_N}’}’
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-(1+0)-L

0
O-,u,u ) ghad ) 8trg

* N, HVME—NTEEZEGPFIRRIERFEH
- pEf: REEEK, REETE, RiEHE, kANES
- JEXHEARE: REEE), BHEREE
- BTN Rk, Ea
- RAFIIIE: 2gesh
- I ER & AJEKHBMonte CarlotE# &t
o WEFNIEGTHEIEFEFHMonte CarlofEil {41t
« ZEFAHQEDH{EM= (Bhabha/dimu/two-gamma)

BES: PRL&S&, 101802 (2002); PRL&4, 594 (2000); BESIII: PRL128, 062004 (2022)




16

14

12

10

Po

Predicted vs.

o(eTe”—>hadrons)

measured R =

o(efe >utu™)

* Blue points: R} oY

* Black curve: predicted R,
based on measured e*e” 2ty
cross sections from BESII|

e Gray curves: 10 randomly
drawn solutions from the
covariance matrix.

* Red curves show R1 & R2 as
they would be observed, due to

A|||

cn_

425 43 435

A AE g E 255 beam energy spread and ISR

/s (GeV) smearing.

Farrar, Li, and Y

uan, Phys. Rev. D 110, L051901 (2024) *



Two ways of investigating total e*e” cross sections

* ISR from high CM energy (BaBar, Belle, Belle I, ...)
* Single photon trigger
* Photon energy resolution

e e*e” 2 utu cross sections
* Vacuum polarization includes contribution from all
hadronic final states

* High precision measurement =» predicted R, _, e

leptons & hadrons
%k e VA PNy,
.0 0. 0. 0.0y
S8
LRIKKEKKS

We compare the predicted R, _, calculated from g(eTe™ — u*u™) with that from

experimental measurement to search for invisible states in e"e™ annihilation

= Compare measured g(e*e™ — u*u™) with that calculated with Rp o5



leptons & hadrons

Calculate o(ete™ - u u™) yo
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SRR

Q)
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" U _
e 5 * T T7) =
Mﬂ() |1—H(s)|2 oP(ete ) x
35— I o M2
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T Z L (s,m) + 115, (s) %Hh(s)‘gz ;Jj (s— M>)? + M2I2
J ] HE

j=e,u,T
S— 5

+—R(sp)In
3T

S.
Hadronic cross sections, use experimental data !
+ pQCD@continuum energy region _ 0 fl ‘an(s)‘crnr(s)dsz
4t Jam s’ —§
oo /
) o(s’) )
I;(s) = — > P 5 ds’ — 1——0o(S) _ Sone(s) | 5L

drea Jape 8" =S dra e a2 —s|

Dong, Mo, Wang, Yuan, Chinese Physics C 44 (2020) 083001 and references therein 38
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\l‘

Table 2: Particle ID efficiencies (Probrp > 0.01) for

+

w, w , p and P samples selected from H(28) —

£ 7B £

rta I/, J/¢ — pp (in %).

Particle data Monte Carlo
T 04.64 £ (0.60 | 88.55 £ (.78
at 03.69 £+ 0.64 | 87.67 £ (0.81

D 87.76 £ 0.84 | 86.50+0.84
P 88.11 = 0.82 | 88.44 £+ 0.79
HE1EZY (rounding)

MC efhiciency corr. factor: 1.154 + (0.028
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Single Tag :
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Double Tag :

n' =N, --B(D—i)-B(D— j)-&
Branching fraction : S E {2 2R 49
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DIRZL

473 EE =

3970305-001

Dt~ Kgﬂ'l:+

—t ek ek ek

N s
1.84 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88

M (GeV/c?)

M (GeV/c?)
| | _ 600 ‘ | | 3’?7030?—0‘02
- DO 1 [p*D f
g 14000 :
] 200F .
181166 188 0T8I~ T8 188

Two important quantities used in
D analysis:

1. Beam constrained mass:
M*=E*-pp’

2. AE=EL-E,

(E, 1s used to improve the
resolutions)

ARGUS function for the

background shape
[PLB241, 278 (1990)]

CLEO, PRL95, 121801 (2005)
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BESIII: Chin. Phys. C 37, 063001 (2013)
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* Technique: solve overdetermined equations
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calculated by
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For the 7" 7~ channel, we first fit the invariant mass
region between 3.5 and 3.6 GeV with a Breit-Wigner

60 - resonance with I', | fixed at the PDG value of 2.00 MeV,
smeared by a Gaussian resolution function with an rms g :_I?attal i
width that is allowed to float. We also include a linear ---BZ Cakg'r ound
background function. The fit results in a y. mass J2indf = 1.3
% resolution of 7.83 = 1.04 MeV, which is slightly higher '
S 40t than the MC result of 6.31 = 0.11 MeV. We scale the ' KK
£ MC value for the mass resolution at the y. (8.12 = Y Y
] 0.23 MeV) by the ratio of the fitted MC results at the y.»
% and get a mass resolution at the y.o of 10.08 MeV.
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10. Determination of systematic uncertainties

10.1. Methodology ALEPH, Phys. Rep. 4-21q 191 (2005)

Wherever possible the efficiencies relevant to the analysis have been determined using ALEPH data, either directly
on the tt sample 1tself or on specifically selected confrol samples, as for example 1n the case of particle identification.
The resulting efficiencies are thus measured with known statistical errors.

In some cases the procedure 1s less straightforward and involves a model for the systematic effect to be evaluated. An
unportant example 1s given by the systematics i the simulation of fake photons in ECAL. In such cases the evaluation
of the systematic error not only takes into account the statistical aspect, but also some estimate of the systematics
mvolved 1n the assumed model. The latter 1s obtained from studies where the relevant parameters are varied in a range
consistent with the comparison between data and Monte Carlo distributions.

Quite often a specific cut on a given variable can be directly studied. The comparison between the corresponding
distributions, respectively m data and Monte Carlo, provides an estimate of a possible discrepancy whose effect
would be to change the assumed efficiency of the cut. If a significant deviation 1s observed, a correction 1s applied
to the simulation to obtain the nominal branching ratio results, while the error on the deviation provides the input
to the evaluation of the systematic uncertainty. The analysis 1s therefore repeated with a full re-classification of all
the measured t decay candidates, changing the incriminated cut by one standard deviation. Since the new samples
slightly differ from the nominal ones because of feedthrough between the different channels, the modified results
are affected both by the systematic change in the variable value and the statistical fluctuation from the event sample
which 1s uncommon to both samples. In this case the final systematic uncertainty 1s obtained by adding linearly the
modulus of the systematic deviation observed and the statistical error from the monitored independent sample. This
procedure is followed in a systematic way for the studies listed below and its description will of course not be repeated
each time.

Finally, the systematic deviations for each study are obtained with their sign in each measured decay channel, thus
providing the full information on the correlations between the results and allowing the corresponding covariance matrix
to be constructed.
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For the 7" 7~ channel, we first fit the invariant mass
region between 3.5 and 3.6 GeV with a Breit-Wigner

60 r resonance with I', . fixed at the PDG value of 2.00 MeV,
smeared by a Gaussian resolution function with an rms g :_I?atal i
width that 1s allowed to float. We also include a linear ---Bg::akglrtou d
background function. The fit results in a y. mass J2indf = 1.3
% resolution of 7.83 = 1.04 MeV, which is slightly higher
S 40t than the MC result of 6.31 = 0.11 MeV. We scale the ' S KHK-
£ MC value for the mass resolution at the y.o (8.12 * V=77
0 0.23 MeV) by the ratio of the fitted MC results at the y.»
% and get a mass resolution at the y.o of 10.08 MeV.
9 i W 5
£
g 20
0
3.3 3.4 3.5 3.6
M(K'K) (GeV/c?)
%2 33 34 a5 36 a7 BESIIL, CPC49, 091001 (2025)

m__ (GeV/c?)
BES, PRL8&1, 3091(1998) 83
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Table 2: Particle ID efficiencies (Probrp > 0.01) for
7, w~, p and P samples selected from (28) —

atw=J/, J/¥ — pp (in %).

= | Particle data Monte Carlo
= m— | 94.64 =+ 0.60 | 88.55 = (.78
93.69 +=0.64 | 87.67 = 0.81
87.76 = 0.84 | 86.00 £ 0.84
88.11 = (0.82 | 88.44 £+ 0.79
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MC efhiciency corr. factor: 1.154 & 0.028
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ZIn#%  (multinomial)

216 ALEPH Collaboration / Physics Reports 421 (2005) 191284

Table 4

Number of reconstructed events in 1991-1993 and 1994-1995 data sets in the different considered topologies

Reconstr. class n?bs (91-93) n?bs‘ (94-95)
€ 22.405 33,100
i 22.235 32,145
h 15.126 22,429
hr® 32,282 49,008
h2n" 12,907 18,317
h3n® 2681 3411
han® 458 499
3h 11.610 17,315
3hnO 6467 9734
3h2n0 1091 1460
3h31° 124 150
5h 60 105
Shn? 36 59
Class 14 4834 7100
Sum 132,316 194,832
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