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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.
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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(Ey+m), where E, is initial electron energy, m —
electron mass and by the scattering angle 0 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 r, is the classical electron radius. For positron-
electron Bhabha scattering do__, =cos*(0/ 2)dce,e

The electron energy in the CM frame is £, = Js /2.

1.1. TRANSFORMATION
TO THE LABORATORY FRAME

Transformation to the laboratory frame gives for the
electrons scattering angles
sin©
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where v, = (EO +m)/ Vs is the Lorentz factor of the
CM in the lab frame. "Opening angle" 0, in the labo-
ratory frame in a small angle approximation

0,1z =[0]+[0.2| = 2/(sin br,,,) 3)

has a minimum at 6=mn/2, 6

el
el2min — Z/Yan Ctis pos-
sible to deduce a formula for the angle production
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where 6, is characteristic angle. For electrons energy

we have
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E, =(E, +m)/2£(E, —m)cosb/2, (5)
for E>Ey/2, 0, <0, , E.<Ey2,0,20,, .
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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]

m=1(1+6cos29+cos4 9). (6)
do, 8

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 (¢, =180"). 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 ¢ =180". 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 ¢ can be writ-
ten as follows (Fig.1)
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Q= |arctan(y1 / x,)—arctan(y, / x, l , @)
where x; and y; 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 3x4 array. The ra-
diator cross section is 22x22 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 x.,~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 E, equal to 30.0 GeV typical for the
electron-proton collider HERA [5]. The particles energy
is in the range 0.5E(<E<0.95E,. Finite beam angular
spread (o, =4.0-10™ rad) gives rise to a smearing of the

distribution 2 in comparison with that (curve 1) for ideal
beam (o, =0). 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 mm and

b) for perfect calorimeter (&, ,=0 mm) and the positron
beam angular dispersion c,=18-10" 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 O4=3.41° could be compared with

experimental value. It should be noted that for the men-
tion calorimeter resolution gives rise to 0= 0.74° for an

ideal beam. The dependence of the width of azimuthal

distribution on positron beam spread is shown in Fig.4.
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Fig.2. Radial distribution of scattered electrons and
positrons: 1 —ideal beam,
2 —beam with an angular spread
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Fig.3. Azimuthal Bhabha scattered electron-positron
distribution: for the positron beam angular dispersion

c,=1.8-10" rad
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The dependence of mean ¢ 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 Ax =4.5 mm brings the distribution mean value
from @ =180° to @ =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.
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Fig.4. The width of ¢ -distribution as a function
of positron beam angular spread
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Fig.5. The dependence of mean @ value on close orbit
position displacement
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W3MEPEHUME SMUTTAHCA JEKTPOHHOI'O ITYYKA HA HAKOIIUTEJIE C BHYTPEHHEN
MHWIIEHBIO

10.A. Bawumakos, M.C. Kopoym

Pa3But MeTO M3MEPEHUS TOJIOKEHHUS OCH U YIJIOBOTO pa3dpoca 3IMEKTPOHHOIO MyYKa B HAKOIMUTEIBHOM KOJIBIIS
C BHYTPCHHEH I'a30BOM MHUIIICHBI0. METO OCHOBAH Ha MCIIOJIb30BAaHUU YIIPYTrOro PacCcesHUs JIEKTPOHOB (TIO3UTPO-
HOB) BBICOKOH SHEPTHH, MUPKYIHPYIONINX B HAKOMUTEIFHOM KOJbBIIE, HA aTOMAPHBIX JIEKTPOHAX MHUIICHU. Ecim
My4YOK MMEET KOHEUHBIM SMUTTAHC, a a3UMYT OTCUMTBIBAETCSl OT OCH IyYKa, paclpeleieHne a3uMyTalbHOIO yria
PACCESTHHBIMHU TIO3UTPOHOM H AJIEKTPOHOM UMEET IIUPHUHY, IPOTIOPIUOHATBHYIO YTIIOBOMY Pa30pocy MmydKa, U Cpe-
HIOIO BEIIMYHHY, 3aBUCSIIYIO OT BEJIMYMHBI CMEIICHHS TIOJ0KEHHUS pealbHON 3aMKHYTOH OpOUTHI HAKOTIHTEIEHOTO
KOJbIla OTHOCUTEJIBHO UAEaNbHOWU. bpuio BeimonHeHo Monrte-Kapno-monenupoBanue A MO3UTPOHHOIO IMydKa C
peabHBIM YTIIOBBIM Pa30pOCOM, THITMYHBIM UIS 3JIEKTpOH-TIpoToHHOTO Koiumaiinepa HERA. IlpoBenenHoe pac-
CMOTPEHHE MOXKET OBITh PACHPOCTPAHEHO Ha CITydail MOJSIPU30BAHHON MUILICHU M MOJISIPU30BAHHOTO MO3UTPOHHOTO
My4Ka. ITOT METO]] TAKKE MOXKET ObITh UCIIOIBb30BaH Ha ANIEKTPOH-TIO3UTPOHHBIX M MPOTOH-IIPOTOHHBIX KOJLIale-
pax.

BUMIP EMITAHCA EJIEKTPOHHOI'O ITYYKA HA HAKOIINYYBAUI 3 BHYTPIINIHBOIO
MIIIEHHIO

10.0. bawmaxkoe, M.C. Kopoym

Po3BHHYTO MeTOA BUMIpPIOBaHHS IOJIOXKEHHS OCi Ta KYTOBOTO PO3KUAY SICKTPOHHOTO ITy4YKa B HAKOIHYYBaJb-
HOMY KiJTbLli 3 BHYTPIIIHBOI0 Ta30BOK0 MillIeHHI0. MeTol 3aCHOBaHUIT Ha BUKOPHCTAaHHI MPY)KHOTO PO3CISIHHS €J1eK-
TPOHIB (ITO3UTPOHIB) BUCOKOI €HEPrii, 110 HUPKYJIOIOTh Y HAKOMUYyBATbHOMY KiJIblli, HA aTOMapHUX EJIEKTPOHaX
MilreHi. SIKIIo MmydJoK Mae KiHIIEBHH eMiTaHC, a a3UMYT BiIpaxOBYETHCS Bil OCI My4Ka, PO3MOILT a3UMYTaIbHOTO
KyTa PO3CISSHUMH HO3UTPOHOM Ta €IIEKTPOHOM Ma€ IIUPHHY, IPOIOPLIHHY KyTOBOMY PO3KHIY ITydYka i CepenHro
BEJIMUMHY, 110 3aJI€KHUTh BiJ| BEIMYMHH 3MIIICHHS TIOJIOKESHHS PEeabHOI 3aMKHYTOI OpOITH HAKONMYYBAJIBHOTO Ki-
JbL mono ineansHoi. byno Bukonano MonTte-Kapio-MozaenoBanHs A HO3UTPOHHOTO Iy4yKa 3 peabHUM KyTO-
BUM PO3KUIOM, TUIIOBUM JJISl €IEKTPOH-IpoToHHOTO Kojaiaepa HERA. TlpoBenenuii po3risg Moke OyTH MOIIH-
PEHUIT Ha BUNAJIOK ITOJIIPU30BAHOI MillIeH] 1 MOIIPU30BAHOTO MO3UTPOHHOTO Iy4Ka. L{eif MeTos Takox Moxe OyTH
BUKOPHCTAaHUI Ha EIEKTPOH-TIO3UTPOHHUX 1 MPOTOH-NPOTOHHUX KoJaiiiepax.
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