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POLARISED e� AT HERA�D.P. Barber and E. Gianfeli
eDeuts
hes Elektronen-Syn
hrotron DESY,Notkestrasse 85, D�22603 Hamburg, Germany(Re
eived July 1, 2002)After a short summary of experien
e with e� polarisation at the pre-upgraded HERA, the impa
t of the luminosity upgrade on polarisation isreviewed. Polarisation tuning requires a ma
hine in stable and reprodu
ible
onditions, whi
h have not been established yet. Priority has naturally beengiven to the luminosity operation and until now no attempt has been madeto measure and optimise polarisation after the upgrade, but we hope tostart as soon as possible.PACS numbers: 13.88.+e 1. Introdu
tionHERA is a 6.3 km long p=e� double ring 
ollider lo
ated at DESY inHamburg. The proton and e� beams are a

elerated up to 920 GeV and27.5 GeV, respe
tively and 
ollide head�on at the Intera
tion Points (IP's)North and South, where the experiments H1 and ZEUS are lo
ated. Theseexperiments started data taking in 1992. HERMES, whi
h uses the longi-tudinally polarised e� beam on an internal polarised gas target at the IPEast, joined the 
ollider experiments in 1994.The HERA performan
e greatly improved over the years and after re-du
ing the beam sizes at the IP's the design luminosity was attained in2000.At the request of the physi
s 
ommunity [1℄ the feasibility of higherluminosity had been studied in the last few years up to 2000. The resultingluminosity upgrade proje
t was approved in De
ember 1997 and realised inthe period between September 2000 and July 2001. Beam operation resumedin July. The �rst 
ollisions after the upgrade were observed in O
tober.Several te
hni
al problems slowed down the re
ommissioning. The main� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3943)
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edi�
ulty the ma
hine shift 
rew has to fa
e is the ba
kground whi
h mustbe kept at levels tolerable for the experiment 
omponents, in parti
ular thenew ZEUS mi
ro vertex dete
tor.2. Experien
e with polarisation before the luminosity upgradeAn integral part of the original HERA design was the provision of longi-tudinally spin polarised e� beams for the 
ollider experiments. In a storagering, e� beams 
an be
ome spin polarised through the Sokolov�Ternov ef-fe
t [2℄. The polarisation dire
tion is given by the periodi
 solution, n̂0(s),to the Thomas�BMT equation for the spin on the 
losed orbit. In a perfe
tlyplanar ring n̂0(s) is verti
al. To provide the experiments with longitudinalpolarisation, n̂0(s) must be rotated into the longitudinal dire
tion at theexperiments by spe
ial magnet insertions 
alled �spin rotators�. At high en-ergy, they usually involve radial �elds; this means that the ring is, by design,no longer planar everywhere. In a ring where n̂0(s) is not everywhere verti-
al and/or the beam has a �nite verti
al dimension due to la
k of planarity,the sto
hasti
 photon emission 
auses the single parti
le spins to di�useaway from n̂0(s) with a 
onsequent de
rease of polarisation. This sour
e ofspin di�usion 
an be partially neutralised by designing a �spin mat
hed� op-ti
s [2,3℄. The unavoidable magnet misalignment and �eld errors lead to spindi�usion too [2℄. Simulations show that for a high energy storage ring, inaddition to the usual orbit 
orre
tion, a dedi
ated minimisation of the n̂0(s)distortion, Æn̂0(s), is needed. The method, for the �rst time su

essfullyapplied at PETRA [4℄, was improved for HERA [5,6℄; 8 
losed verti
al orbitbumps (�harmoni
 bumps�) allow the 8 most important Fourier 
omponentsof Æn̂0(s) to be minimised.There were originally some doubts in the s
ienti�
 
ommunity aboutwhether large beam polarisation 
ould be observed in high energy storagerings and whether it 
ould be maintained in the presen
e of spin rotators.However transverse beam polarisation was observed for the �rst time atHERA in November 1991 and after June 1992 [6℄, with dedi
ated ma
hinetuning, high transverse polarisation be
ame a routine aspe
t of HERA op-eration. Then the newly approved HERMES experiment and a �rst pair ofspin rotators of the Buon�Ste�en type [7℄ were installed around the IP Eastduring the 1993�1994 shut down. When the verti
al bending magnets of therotators were turned on for the �rst time on May 4, 1994 [8℄ there was nosubstantial loss of polarisation.In a 
ollider su
h as HERA the intera
tion with the 
ounter�rotatingbeam was also expe
ted to be a sour
e of trouble for polarisation. Indeed,while the proton 
urrent and the spe
i�
 luminosity have steadily in
reased,a 
lear 
orrelation between e� polarisation and luminosity was observed.
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areful ma
hine tuning it was nevertheless possible to 
ope with thebeam�beam intera
tion [9℄ and to deliver high longitudinal polarisation toHERMES. HERA�e is the �rst high energy e� ring to deliver longitudinalspin polarisation.3. Impa
t of the luminosity upgrade on polarisationOwing to the fa
ts that the total e+=� 
urrent is limited by the RFpower and the maximum proton density is limited by spa
e 
harge e�e
tsin the low energy proton booster, DESY III, the HERA luminosity 
ould bein
reased only by de
reasing the beam 
ross se
tion at the IP's. The solutionadopted [10, 11℄, namely the one promising the largest spe
i�
 luminositygain, implied that the fo
using elements had to be pla
ed as 
lose as possibleto the IP's and that the syn
hrotron radiation emitted in the separatingmagnets is produ
ed inside the experiment region.Another aim of the luminosity upgrade was to maintain the e� polari-sation for HERMES and, as planned in the HERA Proposal, provide lon-gitudinal e+=� polarisation to H1 and ZEUS, by means of the two pairsof rotators whi
h had long been awaiting installation. The aspe
ts of theluminosity upgrade having the largest impa
t on polarisation are:(a) due to la
k of spa
e the anti�solenoids, whi
h were lo
ally 
ompensat-ing the experiment solenoids, had to be removed;(b) the IR quadrupoles be
ame stronger, as well as those in the ar
s wherethe FODO phase advan
e was in
reased in both planes from 60 to 72degrees in order to redu
e the e� horizontal emittan
e.Currently the betatron 
oupling resulting from the experiment solenoidsis 
orre
ted by 4 independently powered skew quadrupoles per IP.With the H1 and ZEUS spin rotators running, at �rst sight there is nodistortion of n̂0(s) due to the solenoids sin
e the nominal n̂0(s) is longi-tudinal at the IP's. However due to the presen
e of two additional spinrotators and of the solenoids themselves [12℄ the maximum a
hievable polar-isation is lower than in the pre-upgrade design. Moreover, while the ZEUSsolenoid (BsolL = 4:4 Tm) �ts physi
ally into the 3.9 m free spa
e betweenthe ma
hine magnets, the H1 solenoid (BsolL = 7:6�8.3 Tm, L = 7:3 m,longitudinally shifted by 1.1 m) overlaps with the long 
ombined fun
tionsuper
ondu
ting magnet GO. The nominal parti
le velo
ity and n̂0 are there-fore not perfe
tly parallel to the solenoid �eld when entering it. The overlapprodu
es a (mainly) verti
al orbit distortion (�zrms = 1:2 mm) and the lon-gitudinal o�set produ
es a residual n̂0 distortion (Æn̂0;rms = 8:8 mrad). Toenable polarisation 
al
ulations with the existing 
odes SLIM/SLICK [13℄
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eand SITF/SITROS [14℄, symple
ti
/orthogonal spin-orbit maps for the ex-periment solenoids were produ
ed by numeri
al integration of the equationsof parti
le/spin motion in the measured �elds [15℄.Fig. 1 shows polarisation vs. energy for the opti
s with 3 rotator pairs(linear 
al
ulations with SLIM): (a) ideal opti
s; (b) opti
s with H1 solenoidturned on; (
) with H1 solenoid turned on, after 
orre
ting the orbit, the
oupling and the n̂0 distortion. The three dashed lines 
orrespond to thepolarisation related to ea
h of the three degrees of freedom of the motion.
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(
)Fig. 1. Polarisation vs. energy (linear spin motion 
al
ulations).The e�e
t of the random alignment errors for the upgraded 3-rotatoropti
s in
luding the experiment solenoids is summarised in Table I. Theassumed rms value of the horizontal and verti
al quadrupole displa
ementis 0.3 mm with a 3 � 
ut. The results are averaged over 6 seeds. The orbithas been 
orre
ted down to xrms ' zrms ' 0:8 mm.In 
omparison with the pre-upgrade opti
s a larger n̂0 perturbation isexpe
ted and the 
losed orbit must be better 
orre
ted to ensure Plin � 60%,after harmoni
 bump optimisation.
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ted Æn̂0;rms and polarisation in presen
e of random errors (linear and non-linear 
al
ulations).after usual orbit 
orre
tion with harmoni
 bumps in additionÆn̂0;rms Plin Px(%) Æn̂0;rms Plin Px(%) Pnonlin(mrad) (%) Pz(%) (mrad) (%) Pz(%)Ps(%) Ps(%)32.9 10.3 66.6�4.4 14.8 63.8 67.1�3.8 57.0�7:6 �5.5 74.2�3.1 �3.7 �2.1 72.7�3.7 �3.210.8�6.2 71.5�1.54. Summary and outlookThe pre-upgraded HERA has routinely delivered longitudinal beam po-larisation for HERMES together with luminosity for H1 and ZEUS. Afterthe luminosity upgrade, ma
hine 
ommissioning for polarisation is expe
tedto be more di�
ult. The in
rease of the verti
al in
oherent beam�beamtune shift by about 24% is quite 
hallenging too.The help of G.Z.M. Berglund with the polarisation 
al
ulations for theupgraded opti
s is warmly a
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