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ELECTRON BEAM EMITTANCE MEASUREMENT AT STORAGE RING 
WITH INTERNAL TARGET 

Yu A. Bashmakov, M.S. Korbut 
P.N. Lebedev Physical Institute of the Russian Academy of Science, Moscow, Russia  

The method for measurement of electron beam axis position and angular beam spread is developed for a storage 
ring with internal target. The method is based on the usage of elastic scattering of high energy electrons (positrons) 
circulating in a storage ring on atomic electrons of the target. If the beam has a finite emittance and the azimuth is 
taken from the beam axis the distribution of the azimuth angle between Bhabha scattering positron and electron has 
a width proportional to the beam angular spread and a mean value depending on the magnitude of the displacement 
of the real storage ring close orbit position from ideal one. Monte-Carlo simulation was made for the positron beam 
with a real angular dispersion for energy range typical for the electron-proton collider HERA. The consideration can 
be generalize by taking into account the positron beam and the target polarization and final state radiation. This 
method can be used also at electron-positron and proton-proton colliders. 

PACS: 29.20.db, 41.75.Fr, 29.27.Bd, 29.27.Fh 
 

INTRODUCTION 
The electron (positron)-electron scattering is widely 

used for luminosity measurement for both electron-
positron colliders like the LEP [1] and storage rings 
with internal target like the HERMES [2]. This work 
proposes a method for measurement of electron beam 
axis position and angular beam spread in storage ring 
with internal target which is based on usage of elastic 
scattering of circulating high energy electrons (posi-
trons) on atomic electrons of the target.  

1. KINEMATICS OF ELECTRON-
ELECTRON SCATTERING 

The kinematics of scattering of high energy electron 
(positron) on electron at rest is defined by invariant 
s=2m(E0+m), where E0 is initial electron energy, m − 
electron mass and by the scattering angle θ in the center 
mass frame (CM). In the CM frame the Muller cross 
section for high energy electrons is [3]  
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where re is the classical electron radius. For positron-
electron Bhabha scattering ( ) −−+− σθ=σ
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The electron energy in the CM frame is 2/sEcm = .  

1.1. TRANSFORMATION  
TO THE LABORATORY FRAME 

Transformation to the laboratory frame gives for the 
electrons scattering angles 
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where ( ) smEcm /0 +=γ  is the Lorentz factor of the 
CM in the lab frame. "Opening angle" 12eθ  in the labo-
ratory frame in a small angle approximation  
 ( )cmeee θγ=θ+θ=θ sin/22112  (3) 
has a minimum at 2/π=θ , cme γ=θ /2min12 . It is pos-
sible to deduce a formula for the angle production  
 22
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where ecrθ  is characteristic angle. For electrons energy 
we have  

 ( ) ( ) 2/cos2/ 002,1 θ−±+= mEmEE , (5) 
for E1>E0/2, ecre θ<θ 1 , E2≤E0/2, ecre θ≥θ 2 . 

 
Fig.1. Electron-positron detectors layout 

1.2. POLARIZATION EFFECTS 

It is well known that atomic electrons of polarized 
internal gas have high degree of polarization. In case of 
scattering of high energy electrons with helicity one has 
for cross sections ratio for parallel and antiparallel spins 
[3] 
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Dependence of this ratio on electrons spin orienta-
tion can be use for determination of circulating beam 
spin if polarization of atomic electrons of the target is 
known.  

2. BASIC CONCEPTS 
Obviously, in the CM frame scattered particles move 

into opposite directions ( o180=ϕcm ). In the lab frame 
polar angle between particle impulse projections on 
transverse to the beam axis plane taken from impact 
point of initial particle also o180=ϕ . However if the 
beam has a finite angular spread and the azimuth is 
taken from beam axis the picture looks different: we 
have a azimuth distribution with a width proportional to 
the beam angular spread and mean value depending on 
magnitude of displacement of real storage ring close 
orbit position from ideal one. The angle ϕ can be writ-
ten as follows (Fig.1)  
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 ( ) ( )2211 /arctan/arctan xyxy −=ϕ , (7) 
where xi and yi are horizontal and vertical coordinates of 
the scattered particles taken from the detector axis. 
Hence from these values information about beam spread 
and close orbit position at the interaction point can be 
extracted. 

3. ELECTRONS DETECTION 
At the HERMES, for example, the luminosity is 

measured by detecting Bhabha scattering target elec-
trons in coincidence with the scattered positrons in a 
pair of cherenkov electromagnetic calorimeters [4]. 
Each calorimeter consists of 12 separate modules with 
radiators assembled in the form of a 3×4 array. The ra-
diator cross section is 22×22 mm [2]. The distance of 
the calorimeter front plane from the interaction point is 
L=720 cm. The distance of the outward longitudinal 
calorimeter walls from storage ring orbit is xcal=33 mm. 

4. MONTE-CARLO SIMULATION 
Fig.2 shows radial distribution of scattered positrons 

and electrons at the front calorimeters plane for initial 
positron energy E0 equal to 30.0 GeV typical for the 
electron-proton collider HERA [5]. The particles energy 
is in the range 0.5E0<E<0.95E0. Finite beam angular 
spread ( 4100.4 −

θ ⋅=σ  rad) gives rise to a smearing of the 
distribution 2 in comparison with that (curve 1) for ideal 
beam ( 0=σθ ). The distribution of the azimuth angle 
between Bhabha scattering positron and electron is 
shown at Fig.3. Monte-Carlo simulation was performed: 
a) for the positron beam with zero angular dispersion 
and the calorimeter spatial resolution 2=δ calx  mm and 
b) for perfect calorimeter ( 0=δ calx  mm) and the positron 
beam angular dispersion 4108.1 −

θ ⋅=σ  rad (see Fig.3). Ax-
ial symmetric Gaussian angle distribution of the circu-
lating beam was used at the simulation. The dispersion 
of this distribution φσ =3.41° could be compared with 
experimental value. It should be noted that for the men-
tion calorimeter resolution gives rise to φσ = 0.74° for an 
ideal beam. The dependence of the width of azimuthal 
distribution on positron beam spread is shown in Fig.4.  

 
Fig.2. Radial distribution of scattered electrons and 

positrons: 1 − ideal beam; 
2 − beam with an angular spread 

 
Fig.3. Azimuthal Bhabha scattered electron-positron 

distribution: for the positron beam angular dispersion 
4108.1 −

θ ⋅=σ  rad 

The dependence of mean ϕ value on close orbit posi-
tion displacement is shown in Fig.5. For example dis-
placement of the close orbit from the equilibrium posi-
tion on Δx = 4.5 mm brings the distribution mean value 
from ϕ =180° to ϕ =177.9°. Geometric acceptance of 
the detector was taken into account.  

CONCLUSIONS 
The consideration can be generalize by taking into 

account the positron beam and the target polarization 
and final state radiation. Note that developed technique 
can be applied for particle beam parameters determina-
tion at electron-positron and proton-proton colliders.  

 
Fig.4. The width of ϕ -distribution as a function  

of positron beam angular spread 

 
Fig.5. The dependence of mean ϕ  value on close orbit 

position displacement 
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ИЗМЕРЕНИЕ ЭМИТТАНСА ЭЛЕКТРОННОГО ПУЧКА НА НАКОПИТЕЛЕ С ВНУТРЕННЕЙ 
МИШЕНЬЮ 

Ю.А. Башмаков, М.С. Корбут 
Развит метод измерения положения оси и углового разброса электронного пучка в накопительном кольце 

с внутренней газовой мишенью. Метод основан на использовании упругого рассеяния электронов (позитро-
нов) высокой энергии, циркулирующих в накопительном кольце, на атомарных электронах мишени. Если 
пучок имеет конечный эмиттанс, а азимут отсчитывается от оси пучка, распределение азимутального угла 
рассеянными позитроном и электроном имеет ширину, пропорциональную угловому разбросу пучка, и сред-
нюю величину, зависящую от величины смещения положения реальной замкнутой орбиты накопительного 
кольца относительно идеальной. Было выполнено Монте-Карло-моделирование для позитронного пучка с 
реальным угловым разбросом, типичным для электрон-протонного коллайдера HERA. Проведенное рас-
смотрение может быть распространено на случай поляризованной мишени и поляризованного позитронного 
пучка. Этот метод также может быть использован на электрон-позитронных и протон-протонных коллайде-
рах. 

ВИМІР ЕМІТАНСА ЕЛЕКТРОННОГО ПУЧКА НА НАКОПИЧУВАЧІ З ВНУТРІШНЬОЮ 
МІШЕННЮ 

Ю.О. Башмаков, М.С. Корбут 
Розвинуто метод вимірювання положення осі та кутового розкиду електронного пучка в накопичуваль-

ному кільці з внутрішньою газовою мішенню. Метод заснований на використанні пружного розсіяння елек-
тронів (позитронів) високої енергії, що циркулюють у накопичувальному кільці, на атомарних електронах 
мішені. Якщо пучок має кінцевий емітанс, а азимут відраховується від осі пучка, розподіл азимутального 
кута розсіяними позитроном та електроном має ширину, пропорційну кутовому розкиду пучка і середню 
величину, що залежить від величини зміщення положення реальної замкнутої орбіти накопичувального кі-
льця щодо ідеальної. Було виконано Монте-Карло-моделювання для позитронного пучка з реальним куто-
вим розкидом, типовим для електрон-протонного колайдера HERA. Проведений розгляд може бути поши-
рений на випадок поляризованої мішені і поляризованого позитронного пучка. Цей метод також може бути 
використаний на електрон-позитронних і протон-протонних колайдерах. 


