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The Moller polarimeter in the Hall A of Jefferson Lab was reconstructed in order to expand of the energy range
of the polarimeter to measure the polarization of the electron beam with an energy up to 11.5 GeV. The paper de-
scribes the main results of the Maller polarimeter testing after reconstruction. The measurements of the electrons
polarization were provided by two data acquisition systems operating in parallel. The testing of the shielding inser-
tion of magnetic dipole has been performed. The way to eliminate detected deviations in the operation of polarime-

ter during test is shown.
PACS: 29.25.Pj;29.27.Hj;29.85.Ca

INTRODUCTION

Jefferson Lab is one of the world's scientific centers,
where the properties of nuclei and nucleons using beams
of polarized electrons are being studied. The accelerator
of Jefferson Lab [1] is a recirculation superconducting
electron accelerator (Fig. 1) with beam energy
1...12 MeV and beam current up to 100 pA. Facililty
consists of an injector, two of linear accelerators
("northern” and "southern") bending and extracting
magnets, and is capable deliver a linearly polarized
electron beam in any three of four experimental halls
(A, B, C, D) at the same time.

Moller and Compton polarimeter are used when
conducting experimental studies with polarized electron
beam in Hall A of Jefferson Lab. Hall A Moller polar-
imeter was created as a result of cooperation Jefferson
Laboratory, KIPT and the University of Kentucky and it
was commissioned since 1997 [2]. Initially, Moller po-
larimeter was designed to measure the polarization of
the electron beam in the energy range of 0.8...6.0 GeV
[3].
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Fig. 1. Jefferson Lab accelerator after reconstruction

During 2012-2013 years Jefferson Lab accelerator
was reconstructed to increase the maximum energy of
the electron beam from 6 to 12 GeV. Hall A Maller po-
larimeter was modernized at the same time to operate
with electron beams with energies up to 11 GeV.

1. ELECTRON BEAM POLARIZATION
MEASUREMENT
The operating principle of the polarimeter Mgller
based on the use Moller scattering [4] e +e~—e'+e’.

Moaller scattering cross section depends on the polariza-
tion of the electron beam and target polarization:
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polarized beam of electrons on unpolarized electrons of
the target, P u P' - the polarization of the beam elec-
trons and electron targe, respectively, A, — analyzing

power of the reaction of Moller scattering (the axis Z —
along the beam).

The asymmetry of the scattering beam of polarized
electrons by polarized electron target is measured with
polarimeter, which is described by the formula:

NN
P = TN T
where N™" and N™ — detector counting rates measured
in parallel and antiparallel direction of the longitudinal
component of the polarization vector of the target to the
direction of the longitudinal component of the polariza-
tion vector of the electron beam, respectively, a — angle
of the foil target to the direction of the electron beam.

The polarization of the beam is determined from the
expression (2) as:

where — Moller scattering cross section of un-

=A -P°.P'-cosa, (2

Pb — Aneas . (3)
A, -P'.cosa
The analyzing power A, is also determined by the

geometry of the magnetic spectrometer and polarimeter
detector and it is calculated using the software toolkitt
GEANT [5]. Thus, to do measure of the beam polariza-
tion, asymmetry of scattering is to be measured and the
value and sign of the polarized electron target is to be
known.

2. POLARIMETER AFTER
RECONSTRUCTION

Maller polarimeter includes polarized electrons tar-
get (T), magnetic spectrometer and detector (Fig. 2).
Moller electrons resulting from the interaction of the
electron beam to the target are analyzed with a magnetic
spectrometer. The spectrometer after reconstruction
comprises four quadrupoles (Q1, Q2, Q3, Q4) and one
of the dipole magnets (Dipole). Scattered electrons are
focused by quadrupole magnets in the horizontal plane
at the entrance of the dipole magnet. The dipole magnet
deflects the electrons down to the detector. Shielding
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insertion located in the center of the dipole magnet,
through which the primary electron beam is passing
without interaction with the magnetic dipole field.

g E
Ly a
> E
20 [Coils Q1 Dipole | ,;n.scattered
FON beam
o = = J oo
40 FUU f = } b
= - 3
-] [ recto,
Rl = ‘
-60
_80:||A|||||||A1|A||11|A||||||lnA|n||n|‘l|nn|
0 100 200 300 400 500 600 700 800
Z cm
g 20
o
wx 15 En b
10 £
E Vv
5 (S i) W
B ==
-5 = =
_10 E
15 EU
_20 B L. Lhod o s b o) oy i | i g T ey g vyt g
) 100 200 300 400 500 600 700 800

Z cm
Fig. 2. Diagram of Méllerr Polarimeter
after reconstruction. a — side view; b — top view

Electron detector consists of two full absorption cal-
orimeters, allowing to register the Moller events in co-
incidences. Moller events are registered by the coinci-
dence of signals from the left and right detectors, which
can significantly reduce the contribution of background
events.

Following elements of the polarimeter have been
modified [6]:

- Magnetic Spectrometer;

- Shielding box of the detector and the detector;

- The elements of beamling;

- Data acquisition system.

2.1. MAGNETIC SPECTROMETER

The most significant changes required for a magnet-
ic spectrometer of polarimeter. The first quadrupole
magnet Q1 was moved down along the beam by 40 cm
and an additional quadrupole magnet Q4 was installed
in 70 cm from the target (Fig. 3).

2.2. DIPOLE

Reconstruction of the dipole magnet was performed
to improve the protection of the main beam of electrons
from the magnetic field of the dipole magnet. For this
purpose a additional shielding insertion type of tube
made from steel AISI-1006 with an internal diameter of
2.5 cm and thickness of 0.9 cm and length of 212.4 cm
has been manufactured and installed in the dipole
(Fig. 4).
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Fig. 3. New quadrupole magnet Q4 installed behind
the target
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The power supply provides a maximum dipole cur-
rent 550 A, which is only enough for the beam energy
up to 8 GeV at Moller electron deflection angle of 10°.
This limitation has led to reduce the maximum deflec-
tion angle of Moller electrons from 10 to 7.3° for elec-
tron energy 11 GeV.
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Fig. 4. Photo: shielding insertion of dipole

2.3. DETECTOR

As the deflection angle Moller electrons has been
reduced from 10 to 7.3°, the detector with a shielding
housing box was also raised to 7 cm (Fig. 5).
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Fig. 5. Detector shielding box and detector
after reconstruction

The vertical corrector to compensate the deflection
of the electron beam after the dipole has been added
also. An additional beam position monitor has been
added for more precise positioning of the beam on the
polarimeter target.

2.4. POLARIZED ELECTRON TARGETS

Two types of polarized targets are used in Moller
polarimeter for measurements of the beam polarization:
1) the target with a low magnetic field (0.03 T) and po-
larization along the plane of the target ("Low Field")
(Fig. 6) [7]; 2) target with a large magnetic field (4 T)
and polarization across the plane of the target ("High
Field") (Fig. 7) [8].
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Fig. 6. The schematic diagram of the target with polari-
zation along the longitudinal plane of the target:
1 — polarized electron beam; 2 — electrons scattered
by the target; 3 — magnetic coil with field of 0.05 T;
4 — target (foil)
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Fig. 7. The schematic diagram of the target with
the polarization transverse plane of the target.
The notation is the same as in Fig. 6

"Low Field" target of polarized electrons comprises
ferromagnetic foil set that inclined at an angle of 20.5°
to the direction of the electron beam and the magnetic
field. The foils have a different thickness (7...10 um)
and made of pure iron (99.95%) or supermendur
(49% Fe, 49% Co, 2% V) (Fig. 8).

Fig. 8. Holder of polarized electrons target ("Low Field")

The design of "High Field" target of polarized elec-
trons of Moller polarimeter in the Hall A is shown in
Fig. 9. The target consists of:

- Superconducting magnet with a maximum field up
to£4T,

- Target holder with a set of four targets. All targets
are made of pure iron with a purity of 99.85% and
99.99% and thicknesses of 1, 2, 4, and 10 pm to the
study of possible systematic errors;

- Adjustment mechanism for the orientation of the
plane of the target relative to the direction of the
magnetic field,;

- Unit for movement and control targets position;

- The target chamber with orientation mechanism to
the direction of the magnetic field along the electron
beam.

Fig. 9. The scheme of polarized electrons target of Hall
A Moller polarimeter. The diagram shows:
superconducting magnet, the target unit and the target
chamber. The photo shows the target holder with a set
of iron foils

ISSN 1562-6016. BAHT. 2016. Ne3(103)

2.5. DATA ACQUISITION SYSTEM

Hall A Moller polarimeter has two data acquisition
and data processing systems:

1. The old system, based on the modules in the

standard CAMAC, VME and NIM, since 1997.

2. A new system VME-based flash-ADC module F-

250, commissioned since 20009.

The old data acquisition system of Moller polarime-
ter is used more than 15 years [9]. It is fully functional
for all targets polarimeter and well studied. At the same
time it has a low rate of events logging, system modules
occupy several racks, as well as a large number of con-
nections and interconnect cables, which reduces the
reliability of the data acquisition system. In addition,
some modules of the system are out from production
and can not be replaced in case of failure.

The main goal of introduction of the new data acqui-
sition system is to reduce systematic errors of polariza-
tion measurement by increasing the rate of events and
reduce the dead time.

The new data acquisition system is based on the
flash-ADC F250, which was developed in the Jefferson
Laboratory [10]. This data acquisition system allows to
register and record the data flow at speeds up to
50 MB/s for events rate in the coincidence of the left
and right arms of detector is about 160 kHz.

Detailed description of the structure and operation of
both data acquisition systems is given in [11].

Software for analysis and processing of measured
data is built on the package ROOT (package object-
oriented programs and libraries developed by the Euro-
pean Center for Nuclear Research (CERN)) [12].

The software package consists of programs for
online monitoring of the data and the program for of-
fline processing. The monitoring program allows one to
control the quality of incoming information by display-
ing the current values of the coincidence scalars, the
digitized analog signals from each detector unit, ampli-
tude spectra of signals from the detector. Program off-
line processing allows to convert data files from the
CODA format to root file format, perform data analysis
and obtain results of the beam polarization measure-
ments.

The both data acquisition systems operated in paral-
lel during measuring of the polarization. Thus, that al-
lows an additional study of systematic errors of the
measurements.

3. DIPOLE TESTING

Testing of the dipole shielding insertion was per-
formed using the beam position monitor, which is locat-
ed behind the dipole magnet and a polarimeter detector.
Three measurements of the vertical beam position were
done:

e with disabled dipole and vertical corrector;

e dipole is ON and vertical corrector is OFF;

o dipole and vertical corrector are both ON.

The test results are shown in Fig. 10. One can see
that the switch on of dipole leads to a displacement of
the vertical beam position of about 1.4 mm. This value
agrees well to the estimated value for the beam energy
of 6.05 GeV and dipole with a shielding insertion.
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Fig. 10. Test of operation of dipole shielding insertion

Fig. 11 shows the results of simulation with TOSCA
software the displacement value of the primary electron
beam on the physical target of Hall A (the left — 13 m
from the center of the dipole) and at the beam dump
(right — 63 m from the center of the dipole) due to the
influence of the dipole magnetic field with shielding
insertion. Turning on the vertical corrector is fully com-
pensate the deflection of the beam due to the dipole
magnetic field. Thus this test is checked the operation of
dipole shielding insertion.
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Fig. 11. Main electron beam deflection at the target
(left) and at the beam dump (right) due to magnetic field
of dipole with shielding insertion

Also, operation dipole tests, with maximum current
of 500 A were conducted. During these tests it was
found that the dipole power supply instability appears at
current of 450 A (Fig. 12). Further research of operation
of the power supply has shown that stable operation of
the power supply is provided only with a maximum
current up to 440 A. It was planned during the recon-
struction of the polarimeter that the operation of the
polarimeter with a maximum energy of electron beam of
11 GeV the dipole current has to be set at 500 A. It was
decided to reduce the angle of deflection of the electron
by dipole from 7.3 to 6° to provide the operation of the
polarimeter with a maximum beam energy and with a
maximum dipole current of 440 A. This requires to lift
up the detector with a shielding box for another 3.5 cm.
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Fig. 12. Instability of dipole power supply
with current set at 450 A
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4. OPTIMIZATION OF POLARIMETER
OPERATION

All tests of the polarimeter and tuning its systems
were carried out using target with low magnetic field
and the polarization along the plane of the target.

Detector setup, optimization of the magnetic elements
of the spectrometer were performed during test trials of
polarimeter. The polarization of the electron beam with
an energy of 6.05, 7.375, and 9.57 GeV was measured.
Both data acquisition systems operated in parallel at the
time of tests and measurements of the polarization.

The detector tuning carried out in several stages. Ini-
tially, setting of the high voltage supply for the PMT
was performed to provide that the amplitude of the sig-
nal for all channels was the same and corresponded to
the middle of the input range of the ADC. Then the
thresholds of discrimination signals from the detector
were determined to provide optimum rate of events and
minimize random events for data acquisition systems of
polarimeter. The detector tuning process was controlled
in on-line mode using the amplitude spectrum of signals
from the detector (Fig. 13).
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Fig. 13. Amplitude spectrum of left
and right calorimeters (flash-ADC)
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Fig. 14. Quadrupole magnet Q4 current scan (top) and
calculated analyzing power of polarimeter (bottom)

Optimization of the magnetic elements of the spec-
trometer was carried out by measuring the dependence
of the frequency of events in the coincidence of the left
and right arms of the detector from the set magnetic
field (current) of the magnetic element. The measure-
ments were performed for the quadrupole magnets Q1,
Q2, Q4, and the dipole. The obtained data were com-
pared with calculations made in the GEANT. Fig. 14 (at
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the top) shows the measurement of the Q4 quadrupole
magnet, and at the bottom is the calculated values of the
analyzing power of polarimeter for the given currents in
the magnetic element Q4. Optimization was performed
to set such magnetic current of element that would cor-
respond to the maximum rater of events in coincidence.
Measurements of the polarization of the electron
beam were carried out for several sets of the electron
energy. As noted previously, both data acquisition sys-
tems operated in parallel during the measurements.
Fig. 15 shows the results of measurements of the asym-
metry of polarized electron beam with an energy of

6.05 GeV made with four polarimeter targets.
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Fig. 15. The asymmetry of polarized electron beam
for four targets, as measured by two data acquisition
systems of the polarimeter

Measurements of the beam polarization for given
energy was (-55+0.11)%.

Fig. 16 shows the results of measurements of the
beam polarization with an energy of 7.375 GeV for the
three polarimeter targets. The value of the beam polari-
zation (average) was (86.1+0.25)%.
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Fig. 16. Polarization of electron beam with energy
7.375 GeV for different polarimeter targets
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Fig. 17. Polarization of electron beam with energy
9.573 GeV for different polarimeter targets
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Fig. 17 shows the results of measurements of the
beam polarization with an energy of 9.573 GeV for dif-
ferent polarimeter targets. The beam polarization aver-
aged over the four targets was (80.5+0.16)%.

CONCLUSIONS

The paper presents the main results of the Mgller po-
larimeter testing after reconstruction. Operation and
tests of polarimeter with electron beam showed that all
systems and polarimeter generally working well. The
measurements of the electron beam polarization with
energies of 6.05, 7.375, and 9.573 GeV have been per-
formed. The polarimeter is a unique setup with two dif-
ferent types of polarized targets, and two types of data
acquisition systems working in parallel. Measurements
with two data acquisition systems showed quite good
agreement with each other. The slight difference in the
data is due to the different in thresholds set of signal
discrimination from the detector and the difference in
the analyzing software for each data acquisition system.

This work was supported by contract DE-ACO05-
060R23177 the U.S. Department of Energy on the basis
of which Jefferson Science Associates operates the Jef-
ferson Lab.

REFERENCES

1. W. Leemann, David R. Douglas, Geoffrey A. Krafft.
The Continuous Electron Beam Accelerator Facility:
CEBAF at the Jefferson Laboratory // Annu. Rev.
Nucl. Part. Sci. 2001, v. 51, p. 413-450.

2. A.V. Glamazdin, V.G. Gorbenko, L.G. Levchuk, et
al. Electron Beam Mgller Polarimeter at Jlab Hall A
/I Fizika. 1999, v. B8, p. 91-95.

3. E.A. Chudakov, A.V.Glamazdin, V.G. Gorbenko,
L.G. Levchuk, R.l. Pomatsalyuk, P.V. Sorokin. Mol-
ler polarimeter for electron beam in Hall A Jefferson
Lab // Problems of Atomic Science and Technology.
Series “Nuclear Physics Investigations”. 2002, Ne2,
p. 43-48.

4. A.A. Kresnin, L.N. Rosenzweig. Polarization Effects
in the Scattering of Electrons and Positrons with
Electrons // Soviet JETP. 1957, v. 5, p. 228.

5. GEANT 321, Detector description and simulation
tool // CERN, Geneve. 1993, 427 p.

6. R.I. Pomatsalyuk, V.V. Vereshchaka, A.V. Glamazdin.
Moller Polarimeter Reconstruction in Hall A Jeffer-
son Lab // Problems of Atomic Science and Technol-
ogy. Series “Nuclear Physics Investigations”. 2013,
Ne6, p. 48-52.

7. 0O.V. Glamazdin, E.A. Chudakov, R.I. Pomatsalyuk.
Hall A Maller polarimeter (Jefferson Lab) with elec-
tron target polarized in foil plane // Journal of
Kharkiv University. Physical series “Nuclei, Parti-
cles, Fields”. 2011, issue 2(50), v. 955, p. 42-50.

8. A.V. Glamazdin. Hall A Maller Polarimeter (Jeffer-
son Laboratory) after reconstruction // Problems of
Atomic Science and Technology. Series “Nuclear
Physics Investigations”. 2012, Ne4, p.7-10.

9. R.l. Pomatsalyuk. Data Acquisition System of Mal-
ler Polarimeter Hall A Jefferson Lab // Problems of
Atomic Science and Technology. Series “Nuclear
Physics Investigations ”. 2012, Ne3, p. 101-104.

137



10.B. Sawatzky, Z. Ahmed, C-M Jen, E. Chudakov, Technology. Series “Nuclear Physics Investiga-

R. Michaels, D. Abbott, H. Dong, E. Jastrzembski. tions”. 2014, Ne 3, p. 157-161.

Moller FADC DAQ upgrade // Internal Review. Jef-  12.R. Brun, F. Rademakers, P. Canal, et al. ROOT — An

ferson Lab, December. 2010, p. 7. Object-Oriented Data Analysis Framework. Users
11.V.V. Vereshchaka, A.V. Glamazdin, R.l. Pomatsal- Guide 4.04. Geneva, 2005, p. 293.

yuk. Comparison of two data acquisition and pro-
cessing systems of Moller Polarimeter in Hall A of
Jefferson Lab // Problems of Atomic Science and

Article received 03.03.2016

MEJJIEPOBCKHM MOJSIPUMETP 3AJIA A JIABOPATOPUU JIKE®D®EPCOHA
ITOCJIE PEKOHCTPYKIIUH

P.U. llomayanrox

B maboparopun um T. Ixedpdepcona (CLLIA) npoBeneHa peKOHCTPYKIHA METUIEPOBCKOTO MOISIPUMETpa 3a1a A
C LENbI0 PACIIMPEHUS YHEPIETHUECKOTO JHana30Ha IMOSIPUMETPa UL U3MEPEHUS OJISIPU3AIMN ITydKa JIEKTPOHOB
¢ sHeprueit mo 11,5 I'9B. PaccMoTpeHsl OCHOBHBIE pe3ybTaThl TECTHPOBAHUSA MEIIEPOBCKOTO TOJIIPUMETpPa IOCIe
PEKOHCTPYKIMH. V3MepeHns Noysipu3ayy 31eKTPOHOB 00ECIIeUnBAIHN JJBE CHCTEMBI cOOpa NaHHBIX, paboTaroIye
napajensHo. IIpoBeneHo TecTHpoBaHME 3aIUMTHOM MAarHUTHOM BCTaBKM Aumnosid. HameueHbl BO3MOXKHBIE IYTH
YCTpaHEHHMS OTKJIOHEHUH B pabOTe MOMSIPUMETPA, BBISBICHHBIX B IPOIIECCE TECTHPOBAHMU.

MbOJLJIEPIBCHKUM MMOJSAPUMETP 3AJTY A JIABOPATOPIi JUKE®D®EPCOHA
MICJS PEKOHCTPYKIIIT

P.IL Ilomauanwk

VY na6oparopii im T. [Ixeddepcona mpopeaeHa peKOHCTPYKIIisi MbOJUICPIBCHKOTO MOJIAPHUMETPA 331y A 3 METOIO
PO3LIMPEHHs €HEPreTUYHOro Jiana3oHy MOJISIpUMETpa Ul BUMIPIOBAHHS MOJISIPHU3ALlil ITyYKa eJIEKTPOHIB 3 €Hepri-
€ro 1o 11,5 I'eB. Po3risHyTI OCHOBHI pe3ylbTaTH TECTYBaHHS MbOJUICPIBCEKOTO MOJSIPUMETPa MiciIs peKOHCTPYKLIIL.
BumMiproBarHs mosipu3anii €JIeKTPOHIB 3a0e3MedyBaiu ABi CHCTeMH 300py MaHUX, SIKi MPAIIOIOTh IapalieibHoO.
[IpoBeneHO TeCcTyBaHHS 3aXMCHOI MAarHiTHOI BCTABKM IUIOJA. HaMideHO MOXJIMBI IUISIXH YCYHEHHS BHSBICHUX Y
MIpoIIeCi TECTYBaHHS BIIXWICHB Y pOOOTI MOJSIpUMETpa.
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