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HERA

« HERA was the largest particle accelerator and research
project in Germany. During 1992-2007, high energy
electron (27 GeV) and proton (920 GeV) beams
circulated in a 6.3 km long tunnel with experiments,
known as HERA-B, HERMES, H1 and ZEUS, at four
stations around the ring. Even today, HERA has been
the only electron-proton collider in the world and
allowed the most precise measurements of the structure
of the proton to be made as well as the investigation
of a wide range of other phenomena. The data from
the experiments is still being analyzed and high-profile

collider

papers being published in international scientific journals. experiments:
H1 and ZEUS

fixed-target ~— Electrons / Positrons

~=— Protons
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HERA detectors

€ The H1 and ZEUS experiments

The H1 and ZEUS experiments (crosscheck) collected data from the collisions of high energy electrons and

protons using general-purpose detectors which, although measuring the same physical processes, were
very different constructions.

* Physics goal:
* map the structure of the proton over a wide kinematic range,
« demonstration of the unification of the electromagnetic and weak forces,

« determination of the strong coupling constant, investigating the hadronic final state
« searches for new particles and physics signatures.
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HERA detectors

€ The HERMES experiments

€ The HERA-B experiments

The HERMES experiment collected data from scattering of longitudinally polarized electrons on various polarized gas

targets such as hydrogen, deuterium, or helium.

Physical goal : map out the spin structure of the nucleon, i.e. protons and neutrons.
» These nucleons are made up of quarks with spin-1/2, bound together by gluons with spin-1.
« HERMES is trying to answer how the constituents make up a nucleon, which has spin-1/2.
» delving deeper into the spin structure of the building blocks of matter.

HERA-B collected data during 1999-2003
from collisions of the proton beam on a
stationary target of wires of different
nuclei.

A large-aperture, high-rate spectrometer
detector was designed to measure the
properties of the heavy quarks, bottom and
charm.
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HERA polarimeter

Transverse polarization for experiments Longitudinal polarization for experiments

* Proton-beam: unpolarized

« Lepton beam: unpolarized at injection energy
(12 GeV)

« Lepton beam acquires transverse polarization
at collision energy (27.5 GeV): Sokolov-Ternov
effect

* rise-time ~40 minutes

(cf. duration of a fill: ~10 hours)

* First experiment making use of HERA beam
polarization: HERMES (start in 1995)

« Spin rotators: longitudinal polarization in the
HERMES straight section, transverse
polarization in the arcs

« Luminosity upgrade 2000-2002

— Install spin-rotator pairs around H1 and
ZEUS
— Remove compensating coils

Polarization build-up =43 min, P__ =45%

max

SR » Motivation
E i

Longitudinally polarized electrons are perfect probes in

two basic fields in high energy physics:

. » the study of the spin structure of the proton and

o B neutron as in the HERMES

-20
» the study of weak interactions by the H1 and ZEUS

0
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Ref: [1]https.//desy.de/~sschmitt/talks/2020-07-01_eic-pol2000.pdf



Polarization during HERA operation

» Compare the HERA I and HERAIL
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Luminosity upgrade for H1 and ZEUS < down-grade for HERA beam polarisation

Losses from extra spin rotators and beam-beam effects (different polarization for colliding and non-colliding bunches)

Polarimetry requirement:

— Fast and reliable monitoring of polarization during data taking
— Colliding bunches (H1,ZEUS) and all bunches (HERMES)

— Absolute scale uncertainty better than 2%

Ref: [1]https.//desy.de/~sschmitt/talks/2020-07-01_eic-pol2000.pdf



1st principle

do

=3 E)+ S, Z(E)cos2¢+ S, (P X, (E)sind +
dE do O 3\ v\

« kinematics described by 2 variables:
* polar angle & => E, (photon energy)
« azimuthal angle ¢ =>y (vert. position)

« S1, S3: linear & circular polarization of laser
- P,,P,: transverse & longitudinal beam polarisation

TPOL.: measure (energy dependent) angular asymmetry

LPOL.: measure scattered energy of photons asymmetry



Transverse polarimeter setup

€ An overview of the HERA polarimeter
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Fig. 9. An overview of the HERA polanmeter.

The detector must measure the energy and the vertical position of high energy photons



Transverse polarimeter setup
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Fig. 11. An overview of the optical system.
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Longitudinal polarimeter setup
& Layout
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The second polarimeter (LPOL) measured the longitudinal lepton beam polarization within
the HERMES spin rotator pair, downstream of the HERMES gas target
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Longitudinal polarimeter setup
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detector

The backscattered Compton photons were detected 65m “ﬂ}fﬂfﬂ;\a
downstream of the Compton interaction point in calorimeter

NaBi(WO,), erystal

aluminized mylar

scintillator plates were optically decoupled along the central
horizontal plane, thus dividing the calorimeter effectively into
independent upper and lower halves. Information about the
energy and the vertical impact position y of an incident
photon is then obtained from the sum of the two halves E =
Evp + Eqown @nd the energy asymmetry n between them:

photomultiplier

Eup - E‘duwn
Eup + Er_imwn

=
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Longitudinal polarimetry

/ LPOL is operated multi-photon mode: \

» a pulsed high power laser to produce thousands of
backscattered photons on each collision with electron
bunch.

« This mode allows a better separation of the ADC

spectra with left and right circular laser polarization.

 the contribution from bremsstrahlung to the energy
deposition integral becomes negligible.

- /

TPOL is operated single-photon mode:

apply at the system that the time between
electron bunch is short

only one photon will be detected.

While this requires relatively low photon
rates of < 100 kHz, it allows to use

Compton edge, for the absolute calibration

of the detector.

The main background is bremsstrahlung
generated along the 7.3m short straight
section which is in the line of sight of the
detector.

The measurement of the backscattered
photon distributions separately for the two
laser helicity states was interspersed
regularly with measurements where the
laser was blocked off. (measure the
background)
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Longitudinal polarimetry

» The statistical uncertainty of the measurement is

A= Issp.<0 — Is5P,>0 about 1 — 2 % per minute and

- Is.p. <0+ Is,p.>0 = A531L > about 6 % per 5 minutes measurement, clearly
limited by the repetition rate of the laser.

~ ) Svstematic uncertainty AP/P
E 1000 El S;P, = 1 Analysing power +1.2%
%: 800 — N Zin z +(1) ¥ long-term stability +0.5%
_8 o E Gain matching +0.3%
a ] Laser light polarisation +0.2%
400 Helicity dep. luminosity +0.4 %

i Interaction region stability = +0.8%

290 R Total (HERA 1) +1.6 %

U_||||||||||||||||||.|.|||||.|. Extra (new calorimeter) < 4+1.2%
0 2 4 6 8 10 12 14 Total (HERA 1I) +2.0 %

E, (GeV)



Transverse polarimetry

The polarisation is then calculated from the shift of the mean energy asymmetry
distributions for left and right laser helicity states using an analysing power II:

N — Mr = AS3 P11 (5)
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Figure 2: Illustration of the polarisation dependent shift of the mean energy asym-
metry distributions (left) and the preliminary list of contributions to the fractional
systematic uncertainty of the TPOL measurement (right).
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Discussion & Summary

" dP/P < 1% required by physics programme of H1 & ZEUS

» Transverse polarimeter: spatial asymmetry in single-photon mode [2%]

» Longitudinal polarimeter: integral energy asymmetry multi-photon mode [2%]
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