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Muon (g-2): SM and Experiment

e, n%, E > 1.8 GeV: 7%
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[ Phys.Rev.Lett. 126 (2021) 141801 ]

[ Data from: Phys.Rep 887 (2020) 1-166 ]

y®y ™ > hadrons
BESIT

* New result from FNAL confirms tension with SM (4.2¢!)

* Improvement of SM prediction highly desirable
* Uncertainty dominated by HVP and HLbL

 BESIII can provide important inputs to reduce the uncertainty!
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I The BESIIl Experiment (1)

RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap

e Located at the BEPCII collider ~ ™F

(Beijing, China)
« Symmetric ete beams

ECM between 2-5 GeV
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cC

ToF e
o,~ 90 ps (barrel)

o,~ 120 ps (end s |

[ NIM A614(2010) 345 ]

Electro Magnetic
Calorimeter

RPC: 8
ayers

caps)

Drift Chamber
6,4~ 130 pm (single wire)

Maximum luminosity: 1 nb-"/s 0u/P~ 05 % @ 1 GeV

93% coverage of the solid angle

Electromagnetic CsI(T1) Calorimeter
or/E<2.5% @ 1 GeV (barrel)
o/E<5% @ 1 GeV (end caps)

O,y ~ (6 mm)/E'2 @ 1 GeV
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The BESIIl Experiment (2)
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» World largest t-charm dataset in e*e- annihilation

* Detailed studies in:
* Charmonium spectroscopy and charm physics
* Light hadron dynamics
* T-physics
* R-scan
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Initial State Radiation: Scan at Fixed Energy

a

R /_\
HVP,LO _ 1 (%) /m2 ds(s) 0.03

—— ~K(s)/s for (g—2)lL
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. . 5 002 [ G ]
* Dominated by low energy region g 0O Y
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b |nitia| State Radiation (lSR) 0: | ‘....--.::::-Tnm‘"""‘"““""-'-’w"-'-:::-:;;.:.:;:::.'f
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Initial State Radiation: Analysis Strategy

Detect full hadronic system

polar angle distribution of ISR photons (MC)

Untagged analysis S Tagged analysis
E 05 o —05 I(9|1S :
ISR photon undetected . ISR photon detected

» High statistics
* Only high masses accessible (>900 MeV)
* Small background

* Access to had. threshold region

 Large background at high
masses

In the following results from 2.93 fb' at 3.773 GeV
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The Golden Channel: ete  — e

« Tagged analysis

45
« Background only from pu(y) events 40
* 11/u separation based on neural network (ANN) 22

L o5
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* Selecting muons using ANN

* Perfect agreement with QED prediction

* Measurement of J/{ electronic width
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n+u-n+n;, r_r“r. E>1.8GeV: 7%
KsKy, K*K-:.. B 02( HVP)

The Golden Channel: ete - ' )

Tagged analysis

45—
F — BESIII fit 3
Background only from pu(y) events “0F + BESIN S
. 351 4
T/ separation based on neural network (ANN) : E
Careful evaluation of systematics = 25 E
20 = —=l
Source Uncertainty (%) 15 =
Photon efficiency 0.2 E 3
Tracking efficiency 0.3 10 =
Pion ANN efficiency 0.2 Ly 5
Pion e-PID efficiency 0.2
Angular acceptance 0.1
Background subtraction 0.1
Unfolding 0.2
FSR correction dpsr 0.2
Vacuum polarization correction 4 0.2
Radiator function 0.5
Luminosity £ 0.5
Sum 0.9

* Form factor evaluation for 0.6 < m_, < 0.9 GeV
» 70% of total 21t contribution
* 50% of a,fVF contribution
* Fit with Gounaris-Sakurai parameterization
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The golden channel: et

Tagged analysis

Background only from pu(y) events

T/ separation based on neural network (ANN)

Careful evaluation of systematics
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— BESNIfit ]
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—#— KLOE 08
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Systematic shifts wrt previous (best) measurements

* Below p/w interference wrt BaBar

* Above p/w interference wrt KLOE
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[ Phys.Lett.B753 (2016) 629 ]



The Golden Channel: ete  — e

n+u-n+n;, r_r“r. E>1.8GeV: 7%
KsKy, K*K-:.. B 02( HVP)

CMD-2 03,06
SND 04

BaBar 09
BESIII 16

superseded by this work

——

e |

CLEO 18
KLOE 18

avg. of KLOE 08/10/12

BESIII (This work)

3724+ 3.0

371.7£5.0

376.7 £ 2.7

368.2+25+3.3

376.9£6.3

366.9 £ 2.1

3682+15+£3.3

360 365 370

380 385 390

ar™O (600 — 900 MeV) [1071]

395 400

* Precision competitive with current best results:

« BESII: 1.0%
 BaBar: 0.7%
« KLOE: 0.6%

e Evaluation of covariance matrix corrected

* Lower statistical uncertainty

* Work on going to resolve the "KLOE-BaBar puzzle”
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n+u-n+n;, r_r°r. E>1.8GeV: 7%
KsKy, K*K-:.. B 02( HVP)

The golden channel: ete — '

) BESIT
E ;”:f 4— using the luminosity Source Uncertainty (%)
R R R— | ‘ Photon efficiency 0.2
T e ‘ ; : ratiA Tracking efficiency -3 0.2
e | Luminosity/R ratlg 1 Pion ANN efficiency 0.2
P e =(0.35 £ 1.68)% Pion-o-PID-sffisionoy 6.0
' :’Z 1 Angular acceptance 0.1
k. Background subtraction 0.1
o * Unfolding 0.2
A= FSR correction dpsp 0.2
2 Vacuum-polarization Correction dyyp |- 0:2---
2 L Fumipoey e - 11 g5
g Sum -6:9- 0.5
Aim to reach 0.5% precision with new analysis:
« 20 fb™1 of data at 3.773 GeV (before only 2.9 fb™") e2ny . (1 + 5
H H N27T FSR
* Normalization to pp (y) events — v
* Improved mn/p/e separation N2M»Y e2my . (1 —+ 5FSR)

2 independent analyses (Tagged and Untagged)

Full m, coverage up to 3 GeV

Successful DFG funding request
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ete — 0 aoivii1912.11208)

* Reconstructing events with m*m 2y + yr

 Kinematic Fit + constrain m

yy = Mo

« Both tagged and untagged configurations considered

1200 —
1000 —
800 [

600——

Events /0.0001

400 -

200

eteesstearaatararrrte

_Untagged

r BESII Preliminary . eleoy T’ ]

— Backgrounds ~

-

+ L
0982 0984 0.980 0.988 0.99 0.992 0.994 0.996 0.998 1

COSO'YISR

Yisr polar angle

* Strong reduction of background
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Events / 2 MeV/c?

_Tagged

e, i, E > 1.8 GeV: 7%
KsKy, K*K:...

L L

10 E

BESIII Preliminary .+ ety _mwmn’

— Backgrounds

M’)qSR’)’ ( GCV/02 )

¥ veto

il . LI M S N R
0 005 01 015 02 025 03 035 04 045 05

* Check combination of ysr

with any other photon

Measure ete- — ntnn? to correct background description
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Cross section (nb)

n+u-n+n;, r_r“r. E>1.8GeV: 7%
KsKy, K*K-:.. B 02( HVP)

ete  — P
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18%¢ W RS AR RS RAARE RS rrTTTTTT
F 7 700 — - i
1.6 7 —e— BESII E E ﬁ —e— BESIII E —e— BEsin ]
1.4 = 600 [~ 3 BESII fit 3
or £ —+ CMD2 . s —=— CMD2 o) —&— BABAR E
121 » = = 500~ %4 } = = —+— SND
F ¢ —+ SND : s F —— SND 5 —*— DM2 E
= E 3 400 4 = 3
£ ] g S g 3
0.8~ .4 - o, F &
E $ - 3 w 300 hé Iy — »
061 = 8k &5 S E
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02F o Qe 3 100; %A Lo — i
0.75 0.76 0.77 078 0.79 0.8 0.81 0.82 11005 101 1015 102 1025 1.03 1035 1.04 12 14 16 18 2 22 24 26 28 3
M,...o (GeV/c?) M, (GeVIC?) M,...o (GeV/c?)

as" (0.7 —3.0GeV) = (49.15 4 0.56 + 0.58) x 10" | BESIII Preliminary
3 46.63+0.94 —10
(a7 (B < 1.8GeV) = (4057579) x 10710 ] KNT19, DHMZ19

» Extraction of 3m contribution to a, in 0.7 to 3 GeV:
* Precision comparable to latest calculations
» Paper under journal review
» Statistics limited

* Improvement foreseen with the upcoming dataset at 3.773 GeV!
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ete — nnond

e Selection similar to ete” — mtmmd

« Events with ™ 4y + ysr

* Kinematic Fit + constrain m,,, =

Tagged: % veto
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e, i, E > 1.8 GeV: 7%
s e

62(HVP)

Untagged: Polar angle ysg
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. 5y
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52
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» Measure ete” — rnonnd to correct background description
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e, i, E > 1.8 GeV: 7%

o2(HVP)
+A- +r-7010
e'e > MM =
50
BESIII Preliminary
SND

2 10 CMD2

~ GG2

3 ACO

T 30 M3N

lt: ND

i l _ MEA

+ 20 il OLYA

[ [Tk BaBar

v . }

+q_; ¢ |

10 ig’j;.

# --....................
"0 15 2.0 2.5 3.0 3.5
Mﬂﬁrﬂoﬂo / GeV
Result from error weighted mean of tagged and untagged
(1.8 GeV)?
Strong improvement in precision P - ds K(5)0 5+ 200(5)
. . (4my)?
a, compatible with BaBar result -
p az"'ﬂ 27r0,LO/10_10
Room for improvement! BESIII (preliminary) | 18.63 + 0.27 + 0.57
BABAR | 17.94£0.1£0.6
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R Measurement

R =

[ R scan data )

A

y

[Reiect Bhabha and)

Di-gamma events

\

y

elect good charge

S d
and neutral tracks

o%(e

te~ — hadrons)

o0(

ete™ — ptu~)

[Phys. Rev. Lett. 128 (2022) 062004]

4 )
14 points

2.2 <s<3.7GeV

>10° had. events

J

\_

Y

( 2-prong events )

Y

2-prong
hadronic eve

)

( 3-pr0n\g(events ) (24-pror:; eventsj [

Y

Gladrom

3-prong
c events

Luminosity
Large angle Bhabha

1

N

y

(Hadronic events )

4 Radiative corrections\
e Two schemes tested
* Feynman diagram

o

Agreement within 1.2%

Structure functions

%
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\

Background contributions \
Evaluated with MC:
« Babayaga, Phokhara, KKMC

(ee,up,ggtt)
« BdkRC, Diag36, Galuga, Ekhara

(ee -> ee + X)
/

Beam related background
15



R Measurement

et 70 E > 1.8 GeV: 79

ST 2(l'IVP)

oc%(eTe™ — hadrons)
o%(ete™ — utpu™) "4

R

Vs =3.4000 GeV

—LUARLW
—HYBRID

[S—
<

T —I_I'I'I'I'ITl IIIIIIII| IIIIIIII| IIIIII|T| [ TTIT

p—
<
N

[S—
<
W

Reject Bhabha and
Di-gamma events

Select good charged
and neutral tracks

10
T 1
( 2-prong events ) ( 3-prong events ) (24-prnng eeeeee ]
(o) (raastrns) 0.5 Wat ' e Nt s ) .
| | 0 = +;++; LMY M‘*M%MW*;*; WA -“-WMJMW”’;’{'N:’ :':‘;"_";‘;"‘ﬁ o
- == '
() 0.5E - - -
0 1 2 3
\s' (GeV)
{J ]
Efficiency

Ratio of generated and reconstructed events

Fully inclusive generator
Lund Area Law .
Low energy hadronization .
Continuum, ISR, JPC=1-resonances .,
Tuned to data

Hybrid generator
Phokhara (10 excl. processes)
ConExc (60 excl. proc. measured)
Lund Area Law (unknown)
%
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', n%yE > 1.8 GeV: 79
oY(eTe™ — hadrons) s
oV(ete™ — ptp™)

Q
Yy
10000 - NF = 3.4000 GeV

R Measurement R=

A 5= 34000 GeV
<
- r c
2 r
- d
2 sooo[ =4
m L e
- I & I
C I P L I 8 s
0.5 . T e ot e Bt s et ] ™ 05 *
NS e of ‘H"h*‘ Pttt bt i G o]
\, : - 10 O B 0 5 - 3 o 1
Reject Bhabhaand NPQ‘ cosf N 0
\)} Di-gamma events
- 6 \)l Select good charged
and neutral tracks
10000 F=34000GeV | €9 2000 V5= 34000 GeV
! ! 1 Lk =
(z-prong events ) (3-prong events ) (z4-prong events) - L
2 somf- £ 1000
m r =}
2-prong 3-prong [ _ c
[hadmnicevemsj Gadmnic evemsj L | l o L I I
- - r l m
[ [ 05 0.1 — o m 0.5
1] H S I o 4ttty it m*ﬂu Hiﬂ{a# ittt g 1] PSP
3 G ] 10 g o3 q [ 3 3-nm" 10
N,,,g cosf Nisn

/ Efficiency \

Ratio of generated and reconstructed events

Fully inclusive generator Hybrid generator
* Lund Area Law « Phokhara (10 excl. processes)
* Low energy hadronization «  ConExc (60 excl. proc. measured)

« Continuum, ISR, JP¢=1-resonances ,
 Tuned to data

\_ /
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2(HVP)
oc%(eTe™ — hadrons)

R Measurement  R=-"o - 5

@ BESIII (this Letter) ® BES A CrystallBall
= KEDR * MARK-I ¢ PLUTO ---pQCD+J/y and '
1 1 | 1 1 1 1 | 1 1 1 1 | 1
2.5 3 3.5

Vs (GeV)  [Phys. Rev. Lett. 128 (2022) 062004]

 Accuracy better than 2.6% below 3.1 GeV and better than 3% above
» Exceeding pQCD predictions by 2.70 above 3.4 GeV

* More to come in near future:
» Result with just 14 energy points out 130
* Feasibility studies for low energy (<2 GeV) measurement via ISR

5-9/9/2022 Experimental inputs to HVP at the BESIII experiment 18



Conclusion

* SM uncertainty of a, dominated by hadronic processes

* BESIII plays an important role in the most important channels:
c efe > '
* Measurement with 1% uncertainty | Phys.Lett. B753 (2016) 629, B812 (2021) 135982 |
» Funding for new measurement granted
* Aim to reach 0.5% precision — Resolution of the KLOE-BaBar puzzle!
« ete" > mrnn®
« Evaluation of a, with O(1%) precision achieved [arxiv:1912.11208]
» Paper under journal review
« eter - mwrmnon?
* Preliminary results with O(3%) precision in final review stage
* R measurement: [phys. Rev. Lett. 128 (2022) 062004]

* Measurement with better than 2.6% accuracy below 3 GeV

* More results to come: result based on 14 out of 130 energy points!

Great boost with upcoming 20fb-1 of data at 3.773 GeV
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Backup

5-9/9/2022

Experimental inputs to HVP at the BESIII experiment

20



Cross section (nb)

Events / 2.5 MeV/c?

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

ete — 0 aoivii1912.11208)

e, i, E > 1.8 GeV: 7%
KsKy, KK gpeer

62(HVP)

- o
O'(m) _ 127 F (m) z Fym V\/rvB(V—>37T) e'Pv [ Phys. Rev. D68
m3 | pm V=w,pw’ w" Dy (m) For(my) | (2003)052006 |
: : 160f‘\““\““\““\“““‘\““\‘ T F rrrTrTrTTTTT T T T ‘\+“‘“ T
- 1 MoE T d J( 1 §200F + B
i 1 % r la e 1 o f ]
g Tagged | L '999 |1 %  Untagged :
[ | (0] C | 031507 -
L ] =100 - = [ i
r 7 Lo C ] Yo} L ]
r 4 8o + J( E Nioof -
L ] (%) r i 0 r ]
L i c 6OE+ +E c L ]
- 1 Qa0 - © 501 7
L d L ] L L + i
oF l 20 = oH + J
o A L e b L OH\H‘\Hwuwu‘\H‘\HH\HH\:‘ N RSN /AR AR IR I I b
07 075 08 085 09 095 1 11 12 13 14 15 16 17 18 11 12 13 14 15 16 17 18
Mo (GEVICT) M. (GeV/c?) M. (GeV/c?)
10°
i“w‘ ‘\HH\HH\HHE 700:\ R R R RN 5 H\Hw“w‘””é
- —e BESIl g %% —e— BESIl w4
= - 600 = ' E
. X —a— CMD2 ] s F —+— CMD2 ] 5 —o— BABAR E
= = £ 500 3#4 3 £ —+— SND E
E ? —+— SND ] s . ! —— SND E s —%— DM2 E
1; B T 400 i‘ = 5 3
a # 1 8 § : 8 E
B ¢ - E @ 3001 & 3 2 E
F = o F & o ] o B
E . > 4 o20p 5 3 © =
- o e 4 op W e E
la P\"‘ﬁ\\\\‘\\\\‘\\\?\\\\ h 0:\ I I I I Lord o e aud ob iy NS _"'_-;..7,'..‘
0.75 0.76 0.77 078 079 0.8 0.81 0.82 1 1005 1.01 1015 1.02 1.025 1.03 1.035 1.04 12 14 16 18 2 22 24 26 28 3
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e, i, E > 1.8 GeV: 7%

KeKu, K'K':...ggpzcr GZ(HVP)
ete” — mrnmomn?
n'm: 65%
Region Mass range [ GeV]
. S R1 05 < M(4n) < 1.5
Systematlc Uncertainties R2 | 1.5 < M(4n) < 2.0
R3 2.0 < M(47) < 3.0
R4 3.0 < M(4m) < 3.8
Source Tagged [%] Untagged [%)]
R1 R2 R3 R4 | RI1 R2 R3 R4
Luminosity 0.50 0.50
Tracking 0.60 0.60
VP correction 0.05 0.05
FSR correction 0.20 0.20
Radiator Function 0.50 0.50
ISR Photon Eff 0.30 -
70 Eff. 2.57 252 |
Signal Eff. 0.58 0.61
Kin. fit 0.42 0.45
Event selection 0.60 1.46 0.64
Bgr. Subrt. 57 0.01 0.13 2.47 3.23 0.00 0.01 0.08 0.15
Bgr. Subrt. 57ys5r 0.48 0.47 7.77 10.27 0.59 0.25 0.65 0.71
Bgr. Subrt. qg 0.50 0.98 12.68 21.05 0.58 0.22 0.82 0.76
Bgr. Subrt. other 0.05 0.14 231 5.34 0.01 0.02 0.30 0.32
w fits (only for wm?) 2.26 2.26
n 7w~ 2n0 Total 2.97 3.09 15.58 24.45 2.95 2.85 3.04 3.04
wm’ Total 3.80 4.84 7.71 3.73 3.91 3.70 4.48 3.68
Limited by statistics! This can be reduced.
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n*rnl*ll", r_r°r. E>1.8GeV: 7%
KsKy, K*K-:.. B 02( va)

ete - i as ete — wn’

L T T =
B 7 £ ® BaBar
20— —+- BESII — % v SND2016
= I = SND ] > A SND2000
S F N ] N * CMD2
= sk SND-2000 - 1 e
g T v CMD2 ] g
T o ND - T
o 10F o
v o DM2 ] T
© 5 BESIII Preliminary -
: G%@bﬂm . .
0 P IR ST IR Pi0i0.p\0s Y
1 15 2 25 3 35 2 22 24
M(on®) [GeV/c?] Ecy (GeV)

* Fit the w signal in every m+q-or0 bin
» Good agreement with previous results

* Extended measurement range wrt BaBar
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