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Precision tests of the SM BESIT
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HVP contribution to g-2 BESIT
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HVP contribution to g-2 BESIT
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HVP contribution to g-2 BESIT

AT A

DIRAC EQUATION

Hadronic vacuum polarization (HVP) is responsible for ~90% of
the uncertainty in SM prediction to muon g-2 (WP20).

It can be computed following different approaches:

e Dispersive/data-driven approach;

HADRONIC X
LIGHT-BY-LIGHT adrons e Lattice QCD approach.
> HVP CONTRIBUTION a
N

Qcb
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DIRAC EQUATION

Hadronic vacuum polarization (HVP) is responsible for ~90% of
the uncertainty in SM prediction to muon g-2 (WP20).

It can be computed following different approaches:
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Data-driven approach BESIT

The HVP contribution is related to the imaginary part of the 2-point correlator of EM quark currents
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Data-driven approach BESIT

The HVP contribution is related to the imaginary part of the
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Data-driven approach BESIT

The HVP contribution is related to the imaginary part of the 2-point correlator of EM quark currents
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Data-driven approach BESIT
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BESIII Detector BESIT

|BESIII Collaboration, 0911.4960]

RPC: nine layers e e L _——
cosf=0.83
SC solenoid i l I || I | I
- cosf=0.90
Barrel TOF T
e o I
‘ = 7
SC quadrupole B mm—= = 0!
) PosFi)tro ; s R 7 =i HefrE Fm"i_j <«—Electron 91 09
e Experiment located at BEPCII (Beijing, China)
e Symmetric electron-positron beams with c.m. energy e Time-of-Flight system (TOF).
between 1.84~4.95 GeV.
e Maximum luminosity reaches 1.2x1033cm2s". e Resistive plate chamber Muon counter (MUC).
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BESIII data samples BESIT
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e 20 fb' taking at Vs = 3.773 GeV.
e 13 scan points at in 1.84 ~2.00 GeV, and inclusive measurement of R(s).

e More than 100 scan points in the open charm region.
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Initial State Radiation (ISR) BESIT

The Initial State Radiation (ISR) is an experimental technique to
evaluate hadronic cross sections in fixed cms energy experiments

Y1sr 0

et + e~ — final state + (v)

e When compared to the scan method, ISR technique has the advantage that one can
perform many of the systematic studies for the whole spectrum once.

e This process is suppressed by a factor of a/m, when compared with the Born (LO)
cross-section;

e Requires high luminosity experiments to compensate for the emission of the additional
photon.

e Possible to perform a large angles and small angles analysis.

Lucas M. Mansur | CRC1660 School 2025



Initial State Radiation (ISR) BESIT

Photon can be emitted:
e Inside the detector;

e Along the beam pipe;
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Initial State Radiation (ISR) BESIT
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e Inside the detector;

e Along the beam pipe;
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Initial State Radiation (ISR) BESIT
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Initial State Radiation (ISR) BESIT
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Previous measurement from BESIII BESI

First measurement from BESIII published in

45

2016 [BESIII Collab. Phys.Lett.B753 (2016) BESIII fit
m— I

629]. 40
_ —+ BESIII
e Event Selection: required 2 charged 35
tracks inside the detector, and requires 5
tagging the photon in large angles; ‘:Z'*

25
e Machine Learning technique (ANN) to
20
separate Pions and Muons in final state;

e  Measurement performed in [600, 900] b

MeV; =

OB T[T ITTT [T TT T[T T T T I T T T I T I T T T TITTT 1
RRRE RN RRREN LR R LA R

o

0.65 0.7 0.75 0.8 0.85 0.9

Vs' [GeV]

o 0.9% precision achievement in this

measurement.
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Status on Pion Form Factor measurement BESTH

On going ISR analysis being carried on by Riccardo Aliberti:

. . +,- +o—
e  Estimated final result with accuracy of ~0.7%. [ e e — T ('YISR)]
e Integrated luminosity ~ 6 fb™.
2 0,
e  Normalization to integrated luminosity. sources Uncertainty (%)
e  Blind analysis implemented. Photon efficiency 02-0.0
Tracking efticiency 0.3—.02
Pion ANN efficiency 0.2
Cross checks being carried out: Pion e-PID efficiency 02-0.0
e Perform previous measurement with different Kinematic Fits: Angular acceptance 0.1
4C — 1C. Background subtraction 0.1
e Apply same method at different c.m. energies: 3.773—4.178 Unfolding 0.2
Gev FSR correction ggg 0.2
ev Vacuum polarization correction 8y, 0.2
e Measure the luminosity with a new method to reduce its Radiator function 0.5
uncertainty. Luminosity Ly 05203
.. . . .. Sum 0.9- 0.7
e (Compare the normalizations with the integrated luminosity

and ' events.
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Final Pion Form Factor measurement at BESIII BESIL

New ISR analysis using 20 fb™ at \'s = 3.773 GeV. N N
e  Estimated final result with accuracy of ~0.5%. [ e e — T ('YISR)]

e  Full yw(3770) dataset from BESIII. — Uncertainty (%)
e Normalization to p'p” events. Photon efficiency 02-0.0
e  Blind analysis implemented. Tracking efficiency 03-02
Pion ANN efficiency 0.2
Pion e-PID efficiency 02— 0.0
Future cross checks: Angular aeseplance 0.1
e  Precise Measurements with different fits: 4C — 1C. Background Sl.lbtraCtion 0.1
Unfolding 0.2
e  Study separation of 7/p using ANN and angular fits. ISR correction dgsg 0.2
e Compare the normalizations with the integrated luminosity Vacuum polarization correction Sy, 0.2
. Radiator function 0.5~ 0.0
and p ' events. Luminosity L, 0.5—0.0
e Compare results obtained with data sets taken in different Sum 0.9 0.5

rounds.
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Final Pion Form Factor measurement at BESIII

New ISR analysis using 20 fb™ at \'s = 3.773 GeV.
e  Estimated final result with accuracy of ~0.5%.

BEST

[ ete” — 7r+7r_(7133)]

e  Full w(3770) dataset from BESIII.

e Normalization to p'p” events.

e  Blind analysis implemented.

Future cross checks:
e Precise Measurements with different fits: 4C — 1C.
e  Study separation of 7r/pusing ANN an({angular fits.

e Compare the normalizations with the integrated luminosity

and pu events.

e Compare results obtained with data sets taken in different

sources Uncertainty (%)
Photon efficiency 02-0.0
Tracking efficiency 03—02
Pion ANN efficiency 0.2
Pion e-PID efficiency 0.2—0.0
Angular acceptance 0.1
Background subtraction 0.1
Unfolding 0.
FSR correction dggg 0.2
Vacuum polarization correction 8y, 0.2
Radiator function 0.5~ 0.0
Luminosity Li,¢ 0.5->10.0
Sum 0.9- 0.5

rounds.
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Angular distributions with ISR - Pions and Muons

New idea to separate pions and muons in final states!

originally proposed by the BaBar Collaboration.
Due to different spins in the final states, pions and muons

have different angular distributions in ISR events.

Events per cos(8 ")

103 |

Events

101 .

mm *p- | BESII Simulation
e ntnT

cos(6™)

BEST

Change to the pions/muons
CM frame!
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Angular distributions with ISR - Pions and Muons BESI

Pions at M2 =[720,730] MeV Muons at M2 =[720,730] MeV

0.016
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0.002 4

0.000 - 0.0000 -

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
cos(6”) cos(6")

We are investigating, in the level of Monte Carlo simulated data, the application of this new method in BESIII:
e [ooking for dependence of the fits with the mass-binnings/invariant mass of the final states;
e [ooking for dependence of the fits with the total integrated luminosity — statistics — of the data sample.

e Studies performed fitting a pseudo-data generated from the MC distributions;
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Angular distributions with ISR - Pions and Muons

IntegratedLum = 2.932fb~" / 4

BEST

" Deviation: (Fitted Events - Expected Events)
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Blue band:
Error bars: represent the error in the determination of the parameter in the Gaussian distribution fit.

[600, 610] MeV

represents the standard deviation (sigma) from the 1000 samples generated for each mass bin.
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Angular distributions with ISR - Pions and Muons BESI

IntegratedLum = 2.932 fh™*

Deviation: (Fitted Events - Expected Events)

o from dist. fit
6 -$- Pions
\
I

~$ - Muons 4

80 90 100

50 6IO 7I0
Bin 1800, 810] MeV 1000, 1010] MeV

600, 610] MeV
Blue band: represents the standard deviation (sigma) from the 1000 samples generated for each mass bin.

Error bars: represent the error in the determination of the parameter in the Gaussian distribution fit.
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Extras - Backup
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R(s) measurement with ISR below 2 GeV BESIT

New idea: determining hadronic invariant mass using only energy

from the ISR photon!
Simple event selection: 1 high-energetic photon emitted in large 1.00 r—=r
angles, and 1 charged track. -
- ISR method for
Advantages of the method: hadronic events o oS
e  Very high efficiency due to boost of ISR photon; _— S 1A
e Less reliant on description of hadronic MC; Z0:50 \‘o\\' >
e Single measured down to threshold; - «g\\\\ P
e Fully inclusive for FSR and higher order ISR; o o :
Challenges of the method: " Egg Eééi”;;;’»‘;ﬁzlg]ﬂ) ot | iﬁ;iﬁiﬁi’;
e Significant QED backgrounds due to their higher cross section: 00 10 15 20 25 30 35
dedicated PID needed; VE G
Background from non-ISR hadronic events: dedicated vetoes; analysis being carried on by Thomas Lenz

e Limited resolution due to high energy of ISR photon.
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Pions at M2 =[720,730] MeV

0.016

0.014

0.012 4

0.010

0.008 -

0.006 -

0.004 -

0.0

B Fittedmtm

I t

0.2 0.4 0.6 0.8
cos(6”)

Pions at M2 =[520,530] MeV

pseudodata m*m~

1.0

0.010 -

0.008 -

0.006 -

0.004 -

0.002 4

0.000 -

0.0

BEm Fittednn*n~

t pseudodatan*m™

Ui “H "
|

0.2 0.4 0.6 0.8
cos(67)

1.0

Muons at M2 =[720,730] MeV

0.0030 A

0.0025 A

0.0020 A

0.0015 A

0.0010 A

0.0005 A

mam Fitted p*tu-—

0.0 0.2

¢ pseudodatapu*tu~

K

04 0.6 0.8 1.0
cos(6")

Muons at M2 =[520,530] MeV

0.014 A

0.012 A

0.010

0.008 -

0.006 -

0.004 -

0.002 -

e Fitted p*tpu-
¢ pseudodataputu~

cos(87)

BEST

Lucas M. Mansur | CRC1660 School 2025



Pions at M2 =[720,730] MeV
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