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Outline

* ISR technique

* Related physics:
* Muon g — 2

* Baryon EM form factors

* Zero Degree Detector at BESIII

e Some fast simulation results



ISR technique
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Tagged analysis
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Untagged analysis
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Energy scan VS ISR experiment

Energy scan method at

* Initial state radiation method
discrete c.m.energies

at a fixed c.m.energy
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Fruitful physics with ISR technique

»Measurement of ete™ » nT ™ (y)
» Light meson spectroscopy
»Measurement of baryon EMFF

» Measurement of exclusive
D™+ D™~ production

» Three-body charm final states
>ete™ - A A, production
»XYZ family states in ISR

»Dark force searches: dark photon, dark
gauge bosons, dark Higgs bosons
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Anomalous Magnetic Moment a,, = gz ~0.1%

Physics Reports 887 (2020) 1-166

Contribution Value x 10!
Experiment (E821) 116592 089(63)
HVP LO (ete™) 6931(40)

HVP NLO (e*e™) —98.3(7)

HVP NNLO (e*e™) 12.4(1)

HVP LO (lattice, udsc) 7116(184)

HLbL (phenomenology) 92(19)

HLbL NLO (phenomenology) 2(1)

HLbL (lattice, uds) 79(35)

HLbL (phenomenology + lattice) 90(17)

QED 116584718.931(104)

Electroweak 153.6(1.0)

HVP (e*e~, LO + NLO + NNLO) 6845(40) 3.7 difference!

HLbL (phenomenology + lattice + NLO) 92(18)
Total SM Value 116591 810(43)

Difference: Aa, = a® —a," 279(76)

New physics?




2
Anomalous Magnetic Moment a,, = gz ~0.1%

weak + .{Ihad
99.993% b 0.006%
u y ,
tree-level — hadronic vacuum hadronlc light-by-
contribution QED polarization light scattering

2
am K s) aco ) 0
aﬂvp’ LO — (—3 ’u) f ds ( Rpaa(s) X 0.006% | VP = = | K(KTe+e-—had)s
T S 52 :

4m2

’ olete” — hadrons(+y)] |~ . oo ———

JT {]:'2 Dispersive
(or LQCD)

Rpaa(s) = 1
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> o(ete™ » ™) contributes more than 70%
of aHVP Lo

» Babar and KLOE experiments claim a
precision of better than 1% in the energy range
below 1 GeV.

» A discrepancy ~3% on p resonance is observed,
and even increasing towards higher energies.

» Measurement from BESIII has larger
uncertainty (0.9%) and consistent with Babar.

» New measurement by CMD-3 increases the
tensions among data-driven dispersive
evaluations of the LO HVP contribution.
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New results from MUON g-2

Contribution arXiv:2505.21476 Value x10"!

MUON g-2 2025 RESULTS

BROOKHAVEN

FERMILAB RUN-1

FERMILAB RUN-2 + RUN-3
FERMILAB RUN-4 + RUN-5 + RUN-6
FERMILAB AVERAGE

WORLD AVERAGE

21.0 21.5
a, x 10° — 1165900

The newest experimental results:

a, "’ =116 592 0705(148) x 10~'2(127 ppb)

arXiv:2506.03069

New measurements o(e*e™ — hadrons)
and o(ete™ - n ™) with 0.2% precision
are highly desirable.

Experiment (E989, E821)

116592 071.5(14.5)

HVP LO (lattice)

HVP LO (e7e™, 1)

HVP NLO (e*e™)

HVP NNLO (eTe™)

HLbL (phenomenology)

HLbL NLO (phenomenology)
HLbL (lattice)

HLbL (phenomenology + lattice)

7132(61)
Estimates not provided

-99.6(1.3)

12.4(1)

103.3(8.8)

2.6(6)

122.5(9.0)
112.6(9.6)

QED
EW
HVP LO (lattice) + HVP N(N)LO (e*e™)
HLbL (phenomenology + lattice + NLO)
Total SM Value

exp _ _SM

Diafference: Aa“ = a, a,

116584718.8(2)
154.4(4)
7045(61)
115.5(9.9)

116 592033(62)
38(63)

Consistency between the SM and experiment?


https://arxiv.org/abs/2506.03069
https://arxiv.org/abs/2505.21476

More

The resolution of the tensions among data-driven dispersive evaluations of the LO HVP
contribution will be a key element 1n this endeavor.

Other hadronic modes are also important, e.g., tt7r 7%, 2(r* ™),

ntn 2n, K*K~,ntn n,nrtn nl,ndn, K*K ntn~ KK, °, etc.

Measurement at high energies are rare e, n%, E> 1.8 GeV: 7%

KK, K*K-:... oz(HVP)

Missing channels based on 1sospin constraints.
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| Data from: Phys.Rep 887 (2020) 1-166



Baryon form factor and cross section

- FRRESHEE = SRRBSEBEZRET

do _(do _ . RESERE
de,  \do FHIREEE

Mott

. WRETSOHBEMRBENER F(q°) = | Pred pi)

. 5 0.10 T 3

* Interaction of final states, lead to a non-zero cross 8o%F - CB E
section for charged baryon at threshold (Andrei D Sakharov B 007f ‘B 3

A 0.06F 3

Sov. Phys. Usp. 34 375(1991) ) 0.05F 3
0.045— —é

dopp _ ma’CP 2 2 4 1 2 in2 _4® out o e
Goost — 202 [(1 + cos<0)|Gy| +;|GE| sin 9],‘[ = amZ ool B 1-exp () 3
000- ......................

4908 4910 4912 4914 4916 4918

Ao Cﬂ /s (GeV)

Integrated version: ogg = [IGMI2 |GE|2]



Baryon form factor and cross section
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> Abnormal threshold effects observed in various baryon pair production: pp, AA, AFA7 ...

» Oscillation structures observed in pp, nn

> |Gp/G,| ratio significantly larger than 1 at low beta for p, A}, X%, indicating large D-wave near threshold
> Relative phase angle of form factor A¢(sinA¢) measured for A, X+, AF



Zero Degree Detector (ZDD) by INFN

* Two detectors are developed to tag ISR photons at small angles @BESIII

Lumi.

ZDD proposal by INFN: substitution of one luminometer with a mini-calorimeter
based on the KLOE Pb/Scintillating fibers technique



/DD by INFN

___ Tungsten plate
10mm Thickness

Tungsten plate
6mm Thickness

Lead-Scint.Fibers
Brick

3232 3AE32 A1 32323113

No material on
this side

Max avalaible space
65mmx180mm

Picture of Pb/Sci.Fi1. Array, scintillating
material 60% of total (in volume)



/ero Degree Detector (ZDD) by INFN

S a0
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» Detect radiation photon
» Detect Bhabha for luminosity

DEST Slaw Control




/ero Degree Detector (ZDD) by INFN

h_zdd_lime2L
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* This time is relative to the start of the ZDD

data buffer, so (indirectly) to L1*, that closes
the buffer

* Only the of the buffer, 1600 ns, is

analy27<e secthrown away.

L1*-8200ns

L1*

* Calibration was done with Bhabha events.

* After correcting the timing by subtracting
the BESIII “Event start time”, the signal is
clearer.

« Later on, there appear a problem about the

DAQ, and the ZDD was not used for ISR
detection.



crystal Zero Degree Detector (cZDD) by JGU

4x3 SiPMs
» Two arrays of 4x3 crystals with polar angle
acceptance of 0.1° < 0 < 0.7° B
» 1 cm gap due to Bremsstrahlung at small angles |
» SiPMs collect light output Y'y
» ¢ZDD signal used by electronics for event ~ 5
correlation with BESIII trigger
/

LY SO Crystals J-Series SiPM

High density (= 7.2 g/cm?)
Moliere radius (= 2.1 cm)

Fast decay time (= 42 ns)
Radiation hardness (> 108 rad)

Maximal emission wavelength of
420 nm

* High light output

* Insensitive to magnetic fields

* Photon Detection Efficiency larger
than 50 % for 420 nm

* RC charging time constant of 50 ns

* Total of 22,292 pixels on active area of
(6 x 6) mm?

* Dark count rate temperature
dependent (~ MHz)




cZDD beam test @ MAMI| — Mainz Microtron

* Electron beam energy up to 1.6 GeV (180MeV
to 855 MeV at RTM3)

* Maximal cw current of = 100 pA

* Small beam with high intensity

cZDD

Reference
detector

measurements

Position of the test ]

Beam flange



cZDD beam test results
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Energy Resolution

—$— Single SiPM
—4— SiPM Sum
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0O 100 200 300 400 500 600 700 800 900 1000

Energy [MeV]

=» Precise energy resolution allows to tag

ISR photons

Had been successfully
installed in this summer!

» Predicted background rate of about 1MHz at 200 MeV
» Expected relation based on different dead times: R, = R/(1 4+ R - 1)

Analog Sum of 12 SiPMs: 180 MeV
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—>Reliable detection of rates up to at least 3MHz
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ISR at STCF

* The ISR physics 1s expected to be more precision than before.

* The better precision needs a “ZDD” detector with high energy and

time resolutions.

* Due to high background from Bhabha(e*e™), it is needed to have an
ability to identify e/y 1n “ZDD”.



Simulation of Bhabha with BabaYaga
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MC simulation with BabaYaga foreTe™ — (y;sp)m¥m™
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MC simulation with BabaYaga foreTe™ — (y;qp)m 1™
boosted to lab. Frame (X(0.060*ecms, 0, 0, ecms);)
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ISR at STCF

* The ISR physics 1s expected to be more precision than before.

* The better precision needs a “ZDD” detector with high energy and time

resolutions.

 Due to high background from Bhabha(e™e™), it is needed to have an ability to
identify e/y in “ZDD”.

* To find a way to 1dentify e/y is needed for ZDD construction.

* One possible method of putting anther layer of plastic scintillator before ZDD
proposed by Prof. Jin L1 will be tested.

* Si wafer + LYSO for identification of e/y proposed by Prof. Hou is also a nice idea.



Thanks for your attention!
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MC simulation with BabaYaga foreTe™ — (y;sp)m¥m™
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Threshold behavior .

(e'e—p

* From CMD-3, o(eTe™ — pp) is described with S o8

OBorn(Ecm)=A+B |:1 —exp (_ (Ecm. — Ethr) )]

Othr

Reac. A, nb B, nb Etnr, MeV Ohr, MeV x2/ndf

pp 0 - fxd 0.91+0.02 1877.1+0.2 0.18+027  29/26

pp 0 - fxd 0.91+0.02 1876.54-fxd  0.76+028  31/27 . ] | -
O
= [J FENICE |
5 A SND 2014 -
5120 * BESII |
i ® SND2022 A
7]
2
&)

* From SND, eTe™ — nn from 1.884 to 2.007 GeV,

) | e
~40 pb A | | 4]
_T}ﬂ TT+T+

—
|

e g = (0.4 nb below 2 GeV. Possible threshold effect 0.5 —+




Threshold behavior
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Oscillation behavior
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Complete measurement of baryon EMFF

+,- +3—
Nuov Cim 4 109, 241-256 (1996) _ e e — Z )

. * - (a - (b o 2.3960 GeV
p —_ sin 260 Im[GEGM]/ﬁ 1}( ) HLJ_ : | 1:_( : ‘ 2.6454 GeV
Y |Gx|?sin26 S A | e 29000 GeV
G| - +|Gp (1 + cos?8) fﬂywﬁi s RN e aR M EA SR B RS ST SN RIS
i B _ b) _ : |
s € e = AA+ 4 05 0 05 1 4 05 0 05 i

i e coso cos6

I 1 |
= ol l / \

r [ I
L .
< 0 o 100} |
- L
o \%ﬁ'// =7 s | t +
I + g [ | e [
i =, | e 0o | _
-0.5- o 4 4 i |+ @ BESIII solution |
I =1 | . o - I O BESIII solution Il
[ PRL 123, 122003 (2019) o 100 |, BESII 2021
R S SR o ,
4 05 0 05 1 O, . J N - I r n ?Y rlJotelntlaF mt?del
cosO 2.4 2.6 2.8 3 2.4 2.6 2.8 3
Gg /s GeV /s GeV
M = 0.96 i 0'14(Stat' ) i 0'02 (SyS' ) Vs (GeV) 2.3960 2.6454 2.9000
o o o a —0.47 =£0.18 = 0.09 041 £0.12 £0.06 0.354+0.17 £ 0.15
AD =37 + 12 (stat.) + 6 (sys.) AD(°) 4222+ 14 (—138 £22 £ 14) 55+ 19+ 14 78 +£22+9

sin A@ ~0.67 £0.29 £0.18
(Confirm the complex form of EMFFs) G/l 1.69 £ 0.38 £ 0.20 0.72 £ 0.11 £ 0.06 0.85 £ 0.16 £ 0.15
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