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Laser backscattering for beam energy calibration
Taiwan Light Source: 1996
CO2 laser & HPGe detector

E = 1305.8± 1.7 MeV
Phys. Rev. E v.54 (5) 1996

�� ��STORAGE RINGS

▶ BESSY-I – 1998
▶ BESSY-II – 2002
▶ VEPP-3 – 2008
▶ NewSUBARU – 2009
▶ ANKA – 2015�� ��e+e− COLLIDERS

▶ VEPP-4M – 2005
▶ BEPC-II – 2010
▶ VEPP-2000 – 2012
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Inverse Compton Scattering
When γ ≫ 1:
ε0, ε, ω ≫ ω0

electron εε
0
= εγmcmc2

ω0
 ε= εhc/λ0

θ
ω

θ
ε

α

ω∗
0 =

hc
λ0

cos2(α/2)

Universal scattering parameter:
u =

ω

ε
=
θε
θω

=
ω

ε0 − ω
=
ε0 − ε

ε

is in the range

0 ≤ u ≤ κ, where κ =
4ω∗

0ε0
(mc 2)2

.

�� ��κ ≃ 0.0153 for ε0 = 1 GeV and ω∗
0 = 1 eV

�� ��Scattering energies:

max(ω) = κ · ε0/(1 + κ)
min(ε) = ε0/(1 + κ)

Scattering angles: γθω =
√
κ/u − 1; θε = uθω

max(θε) = 2ω∗
0/mc 2 (≃ 10 urad for green light).
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BEPC-II Collider

BESIIIBEMS
BEPC-II LINAC

positron ring

electron ring

BEPC-II 
COLLIDER

▶ SR losses: Eip = EBEMS + 4.75 · 10−6 (EBEMS)
4 [GeV]

▶ IP angle: Ecm = 2 cos(0.011)
√

E e+
ip E e−

ip
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Beam Energy Measurement System

CO2 Laser

HPGe
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γ-rays detection
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γ-rays spectrum example
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Absolute Scale Calibration

Source γ-rays energies, keV Reference ∗

137Cs 661.657 ± 0.003 vol.4, 2008
60Co 1173.228 ± 0.003 vol.4, 20081332.492 ± 0.004

228Ac
(
232Th

)
911.209 ± 0.006 vol.6, 2011

212Bi
(
232Th

) 727.330 ± 0.030 vol.2, 20041620.740 ± 0.010

208Tl
(
232Th

) 583.187 ± 0.002
vol.2, 2004860.560 ± 0.030

2614.511 ± 0.010

∗ Table of Radionuclides, Bureau International des Poids et Mesures
https://www.bipm.org/en/publications/scientific-output/monographie-ri-5.html
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Photopeak Model
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Photopeak Model

f(x) = B +
C
2

erfc
(

x√
2σR

)
+

N
N1



exp
(
− x2
2σ2R

)
if x > 0;

exp
(
− x2
2σ2L

)
if − κσL < x ≤ 0;

exp
(
κx
σL

+
κ2

2

)
if x ≤ −κσL

Here x = (E − Emax) is the difference between the energy deposition in the
detector and its most probable value, B is the background level, N is the
number of counts in the photopeak while N1 is the normalization constant:

N1 =

√
π

2
σR +

{
1

κ
exp

(
−κ

2

2

)
+

√
π

2
erf

(
κ√
2

)}
σL

10 / 26



Photopeak Fit Example
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Photopeak Fit Example
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Energy Resolution
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Absolute Energy Scale
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Compton Edge in γ-spectrum

Ebeam =
ωmax
2

1 +

√
1 +

m2

ω0ωmax

 , ω0 = 0.11706523 eV.
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BEMS check at J/ψ – 2018
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BEMS check at ψ(2S) – 2018
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Phys. Rev. D 90, 012001 (2014)
“Precision measurement of the mass of the τ lepton”
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VEPP-2000 e+e− collider

Circumference:

P = 24.4 m

C. m. s. energy:

E = 200− 2000 MeV

Luminosity / i.p.:

L = 1032 cm−2s−1

Could not find a free straight section for laser i.p.!
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VEPP-2000 BEMS

CO or fiber laser

e-  beam

laser beam M2

M3
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scattered photons

I. P. inside
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R = 140 cm

Lead shield
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Spectrum ε0 = 640 MeV, λ0 = 5.426463 um
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2019.06.24 [18:35:21 - 19:15:28] 2019.06.24. Live-time: 0 hours 35 min 32 s (2 files).
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Interference

θint ≫ θrad: take only ϕ = 0

Time for electron A→B→C : te =
2Rθ
βc

Time for photon A→C : tγ =
2R sin θ

c cosψ

Phase advance: ∆Φ = 2πc
[

te
λ
− tγ
λ

− 2te
λ0

]
λ0 – laser wavelength. Since θ, ψ, 1/γ ≪ 1

∆Φ ≃ ωR
c

[
θ

(
1

γ2
− 4ω0

ω
+ ψ2

)
+
θ3

3

]
.

For 1 MeV photon λ = 1.24 · 10−12 m. For R = 140 cm, E = 1 GeV,
∆Φ = 2π when θ ≃ 0.1/γ and AC ≃ 0.1 mm ≃ 108λ!
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Energy spectrum
dṄγ

dω dψ ∝ ω1/3 Ai2(x), where

x =

[
ωR
2ℏc

]2/3[ 1

γ2
− 4ω0

ω
+ ψ2

]
.

dσ
dω =

dσKN

dω

∫ ∞

z
Ai(x)dx, where

z = (u/χ)2/3(1− κ/u), where

χ= γ
B
Bc

, u =
ω

ε0 − ω
, κ = 4

ε0ω0

m2c4

Bc =
m2c2
ℏe = 4.414 · 109 [T] ω0 = 0.117 eV; ε0 = 900 MeV; R = 140 cm

Ai(x) = 1

π

∫ ∞

0

cos (xt + t3
3
)dt
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The Fit Result
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/NDF = 313.4/242  (Prob: 0.001)2χ

/NDF = 220.3/225  (Prob: 0.576)2χ

 0.016 [MeV]± =  641.135 beamE

   33 [keV]± =    230 Eσ

  0.58 [cm]± = 139.62 beamR
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e+e−→ KSKL, CMD-3 (2013)

mϕ − mPDG
ϕ = −8± 20 keV
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Summary

▶ Laser back-scattering is being applied now for c. m. s. energy
calibration on two lepton colliders – BEPC-II and VEPP-2000.

▶ Center-of-mass energy was calibrated with accuracy ≳ 30 keV
in the energy range from 360 MeV to 3700 MeV.

▶ The new τ-lepton mass measurement was performed in 2018 by BES-III
detector. The new result is expected to arrive this year.

Thank You!
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