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Abstrat

The HERA eletron ring is the �rst and only high energy

eletron storage ring at whih longitudinal spin polariza-

tion has been obtained. This paper desribes the spin rota-

tors, the optial set up, the �rst observation of longitudinal

polarization and the plans for its routine exploitation.

I. Introdution

An integral part of the design of the HERA ep ollider

[1,2℄ has been the provision of longitudinally spin polarized

eletrons for the high energy physis experiments at the

interation points.

Stored eletron beams an beome vertially polarized

due to the emission of spin ip synhrotron radiation{

the Sokolov-Ternov (S-T) e�et [3℄. The maximum po-

larization ahievable is 92.4% orresponding to a planar

ring. To provide longitudinal polarization at an intera-

tion point the naturally ouring vertial polarization in

the ars must be rotated into the longitudinal diretion

just before the interation point (IP) and bak to the ver-

tial just after the IP using speial magnet on�gurations

alled spin rotators.

Synhrotron radiation not only generates polarization but

an also ause depolarization [4℄. This is espeially the ase

in the presene of spin rotators. Furthermore the ratio:

(depolarization rate/polarization rate) inreases strongly

with energy. However, the depolarizing e�ets an in prin-

iple be minimized by speial hoie of the opti alled `spin

mathing'. Nevertheless, owing to the diÆulty of obtain-

ing reliable numerial preditions of the polarization in the

presene of rotators throughout the preparatory stage of

the projet and beause of the initially very pessimisti

preditions, it was by no means lear that longitudinal po-

larization ould be obtained even after spin mathing.
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II. The spin rotators.

Dipole spin rotators exploit the predition of the Thomas-

BMT equation [5℄ for spin preession that for motion trans-

verse to the magneti �eld, the spin preesses around the

�eld at a rate whih is a faster than the rate of rotation

of the orbit diretion. Here, a = (g � 2)=2 where g is the

eletron g fator. Thus

Æ�

spin

= aÆ�

orbit

(1)

in an obvious notation. At HERA energies a is between

60 and 80. So it an be arranged that small ommuting de-

etions of the orbit an result in large nonommuting pre-

essions of the polarization vetor. For HERA, the Mini-

Rotator design of Buon and Ste�en [6℄ was adopted. In

the Mini-Rotators the rotation is ahieved by interleaving

three horizontal bends with three vertial bends. See �gure

1 whih shows the ordering of the magnets and the spin

preession angles for the hosen running energy of 27.52

GeV. The orbit bend angles are of the order of 10 mrads

and the horizontal bends replae the bend angle of one ar

ell. The whole rotator is inserted into the end of the ar

with minimumdisturbane to the rest of the mahine. The

total vertial bend of this rotator is zero and it is only 56

m long so that no quadrupoles need be inluded among the

onstituent dipoles. The vertial orbit exursion is about

20 m. The required rotator dipole �elds and hene the

shape of the rotator depend on the energy hosen. By

mounting the dipoles on oupled, remotely ontrolled me-

hanial jaks and by having exible joints between se-

tions of vauum pipe, it is possible to tune the rotator to

give the orret spin transformation over the range 27-35

GeV and to obtain both heliities. The vertial bumps in

a pair of rotators are antisymmetri with respet to the

IP. The �rst two rotators were installed on either end of

the East straight setion at the beginning of 1994 so as to

provide longitudinal polarization for the HERMES exper-

iment whih uses a polarized internal gas target to study

the deep inelasti spin struture of nuleons. Figure 2 is

a sketh indiating the positioning of the rotators in the

HERA ring and the azimuthal spin axis variation. At the

hosen energy of 27.52 GeV, the S-T polarization level is

redued below 92.4% to about 89% with one pair of rota-

tors by the presene of the vertial bend magnets. This
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Figure 1: Layout of the Mini-Rotator bends and the on-

sequent spin on�guration at 27.52 GeV.

energy orresponds to a frational spin tune of 0.5 and is

thus maximally distaned from resonanes. See equation

2.

III. The optis.

In addition to the S-T e�et produing the polarization,

there an be spin di�usion i.e. depolarization due to the

stohasti exitation of the eletron orbits by emission of

synhrotron radiation photons. The depolarization is es-

peially strong if the resonane ondition
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is satis�ed where k;m
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are integers, the Q

x;z;s

are

orbital tunes (47.1,47.2 and 0.06 resp.) and �, alled the

spin tune, is the number of spin preessions per turn on

the losed orbit.

In perfetly aligned planar rings the equilibrium spin axis

is vertial, the beam would have almost zero vertial emit-

tane and the depolarization would atually almost vanish.

But in real rings with their typial misalignments, the

losed obit is distorted and the equilibrium spin axis de-

�ned along the losed orbit is tilted from the vertial and

the spin di�usion an then take hold [1,4℄. This depolar-

ization has been suessfully ombatted by the appliation

of harmoni spin-orbit orretions [1℄ using speial families

of losed bumps to return the equilibrium spin axis to the

vertial.

However, the installation of spin rotators an result in ad-

ditional strong depolarization even in an ideal ring. One

reason is that between the rotators the spin axis is hori-

zontal and an be onsidered to be maximally tilted. An-

other reason is that there is loal vertial dispersion in-

side the rotators so that synhrotron radiation emission

in the rotators exites vertial betatron motion. In prin-

iple these two onsequenes of the presene of rotators
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Figure 2: The loations of the rotators in the ring

an, in HERA, be largely eliminated by a speial hoie of

optis alled `strong spin mathing'. This onsists of ar-

ranging the quadrupole settings so that the relevant parts

of the 2 x 6 matrix desribing the oupling of the spin

to the orbit in linear approximation vanish in the setion

between the rotators straddling the interation point and

in the remainder of the ring [1℄. Sine the rotators on-

tain no quadrupoles, spin mathing inside the rotators is

not needed. A spin mathed setion of ring is said to

be `spin transparent'. As well as minimizing these ma-

tries, the usual optial properties of the mahine must

be aeptable. At HERA, it has been possible to satisfy

these requirements by giving every mirror symmetri pair

of quadrupoles in the setion between the rotators and in

the �rst seven ells at the beginning of eah ar its own

power supply.

IV. The first tests.

In the years up to 1994 it had beome routine to have

obtain over 60% vertial polarization (measured using a

Compton polarimeter in the West area{ see �gure 2)[1℄.

The �rst test of the rotators took plae in May 1994 with

eletrons. After ahieving about 65% vertial polarization

with the vertial bends o� and the rotators `at', by the

usual appliation of the harmoni spin-orbit bumps, the

rotators were ativated and a beam was stored without

additional orbit adjustment. Then without further ado

the polarization as measured at the West area polarimeter

rose aording to the expeted exponential law [1℄

P (t) = P

1

�
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pol
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to about 56%. See �gure 3. Note that the value of the

polarization is the same everywhere in the ring but the

diretion an be hanged by rotators. Sine a tilt of the

polarization vetor by more than a few tens of milliradians

in the ars would lead to very strong depolarization we

onlude that we had ahieved longitudinal polarization

at the East IP.



Figure 3: Longitudinal polarization vs. time (hours) with

eletrons in May 1994. The dip after 09.00 was due to

further attempts at optimization.

This was the �rst time in the history of high energy stor-

age ring physis that longitudinal spin polarization had

been ahieved and demonstrated that, with suitable spin

mathing, it is indeed possible to rotate spins at the ma-

hine irulation frequeny of 47.35 kHz and in a strongly

stohasti environment. In the following days, after fur-

ther mahine optimization, a longitudinal polarization of

about 65% was reahed onsistent with simulations from

the Monte-Carlo spin traking program SITROS [7℄.

In November 1994 about 65% longitudinal polarization was

obtained with positrons.

These measurements with the rotators turned on were

made without ep beam-beam interation at the North and

South IP's oupied by the experiments H1 and ZEUS (See

�gure 2). Measurements made in 1994 with the rotators o�

showed that with up to 40% of design luminosity (beam-

beam eletron tune shifts of about 0.02) there was no lear

degradation of the vertial polarization. This is also on-

sistent with simulations by SITROS [8℄.

V. Plans for 1995.

HERA is now oming online for the 1995 luminosity run

and HERMES also. This will be the �rst time that a

physis experiment on a high energy eletron storage ring

is supplied with longitudinal polarization. SITROS simula-

tions indiate that at full luminosity there ould be beam-

beam depolarization[8℄. In that ase extra spin mathing

will be needed and an algorithm has been prepared. It

might also be neessary to inrease the vertial emittane

by introduing a vertial dispersion bump. The latter an

also ause depolarization and the so alled `vertial har-

moni dispersion mathing' based on the generation of ex-

tra dispersion bumps [9℄ will be needed. Another major

soure of depolarization is of ourse the losed orbit dis-

tortion. A large redution in the e�et of the latter is

expeted with the implementation of the beam based ali-

Figure 4: Longitudinal polarization vs. time (hours) with

positrons in November 1994. The dip at 21.30 was due to

further attempts at optimization.

bration of the monitor positions [10℄. SITROS simulations

suggest that a longitudinal polarization of 80% ould then

be ahieved in the absene of beam-beam e�ets.

VI. Conlusion and outlook.

At HERA a majormilestone in the siene of radiative spin

polarization in storage rings has been ahieved. In 1995 we

will supplying longitudinal polarization to an experiment

on a regular basis. Two more pairs of spin rotators are in

manufature and will be installed in the '96-'97 shutdown

to provide longitudinal polarization for H1 and ZEUS.
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