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HERA Straight Section with Spin-Rotator
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1 INTRODUCTION

High luminosity is particularly important to study eIectro-Figure 1: Present HERA e-p IR design layout (plan view)
weak effects and to search for new phenomena. A megpz, spin-rotator

ingful physics goal is an integrated luminositymefl fo—1.
It is found that for the detector the following goals and as-
sociated compromises are appropriate:

Reference point for luminosity study is the
present HERA lattice at design intensity with

e Provide capability for polarizedteand & beams.

174 colliding bunches

e Minimize shadowing below 100 mrad for goadcep- E, = 820 GeV E. = 30 GeV
tance at high ® > 50,000 Ge¥ for the electrons. N.. = 101 l. =58 MA

e Rebuild most of the detector parts near beampipe. ﬂmp =7m Bee=1m

e Design new synchrotron radiation masks. ﬂy: =0.7m Bye=1m

e Expect about 1& more synchrotron radiation reach-
ing central trackers and chambers.

e Expect blurring of machine-detector interface (with
machine elements inside detector).

e Expect loss of some forward/backward physics at very
low Q? due to machine elements (but anticipate that

Lyiax = 2 X 1031 em™—2g~1

Table 1: HERA Reference Design Parameters.

this physics is completed before luminosity upgrade). Where

e Expect luminosity measurement to be more difficult;

however high luminosity opens up other ways (i.e. o 1Tt s limited by rf-power
Compton scattering) to measure luminosity in central e N,/e, is limited in injector chain

detector.

Alsoitis understood that while providing polarized protons

L KN is limited by beam-beam interaction param-

eterized via horizontal and vertical tune shifts as

) . — r» N.

may be important for some physics goals, there are largely Avpe = 5 P

unknown machine implications (which are however being Avp.. — o Ne By
PY ™ 27 oax7p €pN

studied by another working group).

For evaluating machine performance the reference pointe 3., 3y, are limited by interaction region aperture.

for the luminosity upgrade study is the present HERA lat-

tice (see Fig. 1) at design intensity with parameters as Tne degrees of freedom we are then left with are to:

shown on Table 1. The luminosity limitations for HERA
become evident when one examines the luminosity formula
written as

L =

Ig‘otal °Np Yp

4me EPN°\/6565\/E?JP/EEP

emittance

e Change the injector chain to reduce proton vertical

e Change the IR Lattice to get a smalfgy at the IP
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e An early separation field given by a weak air-coil
dipole (see Fig. 3), integrated in the detector, with
bending radiup=550 m (as compared to the present
separation value gf = 1360 m).

e A new septum quadrupole composed of a half
qguadrupole with a specially cut mirror plate (see
Fig. 4).

e A special quadrupole with a septum coil very much
like PEP-1I design[2] (see Fig. 5).

A less aggressive approach which does not put an accel-
erator magnet in the experiment is also possible, but such
an approach only achieves an approxintatincrease.

Figure 2: Example of early separation via weak air-coil
dipole integrated inside detector. Separate p-focusing starts
at 12.5 m using special quadrupoles.

2 EMITTANCE IMPROVEMENTS

A separate group has investigated increasing the proton
beam density and they started from the assumption that the
present limitation comes about via space charge effects in
DESY Ill. To this end there was work to:

e Make new measurements of emittance-blowup in
DESY lIl.

e Study feasibility of upgrading LINAC Ill to inject into
DESY Il with higher energy (conceptual design study
done by INR, Moscow [1]).

e Start feasibility study for adding prebooster between
LINAC Il and DESY llI (in collaboration with IHEP,
Protvino).

~1180 mm

Figure 3: Air-coil separator magnet with B

While raising the injection energy into DESY Il above (Ecrie = 109. keV).

its present 50 MeV level would seem an admirable goal, at
present the cost-benefit tradeoff is unclear.

3 REDUCING THE IR 3*

The current HERA IR layout is shown in Fig. 1. The detec-
tor free of accelerator magnetsi®.8 m. Electrons are fo-
cused via a triplet quadrupole configuration. The first pro-
ton focusing elements (protons little affected by e-focusing
elements due to 30:1 rigidity ratio) start at 27 m with strings
of resistive quadrupoles arranged in a doublet configura-
tion.

Paths to an improved IR layout for smaljgf and large
luminosity include:

e Use stronger separation fields.

e Use earlier separation fields, i.e. inside the detector.

e Achieve more effective focusing via dedicated
guadrupole design.

e Develop special new quadrupole septum magnets.

Figure 4: Beam separation schematic at magnetic septum
Quadrupole with B,y = 40 mm and 20 T/m gradient.

By using a combination of the above we find that th
luminosity can be increased by a factor of 3.5. An example
of one such configuration is shown in Fig. 2. Here we use:

Proton Beam

Electron Beam
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separator field then has to increase).
e Provide additional absorber material upstream of the
luminosity counter (degrading its resolution).

5 CONCLUSIONS

We see that while a factor 3&increase in peak luminosity
beyond the current HERA design limit is possible, it will
not be easy. There will be plenty of pain to share between
the experiments and the machine. Also one should keep in
mind that HERA is still in a consolidation phase towards
reaching the original design goal. Nevertheless a signifi-
cant upgrade, in support of new physics goals, should be

possible.
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A critical issue for the performance of the detector is to en -0 5 0 5 10 15 20 25
sure that only a tolerably low level of synchrotron radiation -z [m]
reaches elements of the central detector. For scenarios like

that shownin Fig. 6, W_h_ere the separation elemer_lts s_tart ilgi_ ure 6: Synchrotron radiation fan from air-coil separator
side the detector, sufficient aperture must be malntalnedpty_ﬂux actually striking absorber protecting the septum is‘
pass all synchrotron radiation completely through the |
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and the major part travels at least 15 m before being ir@f)xc;?ch/i-aggg;?g[ :)rs G, Cs are placed inside detector
tercepted on tungsten absorbers with multiple coating lay- '
ers. The multiple coatings are importaetause with total
primary fluxes reachingz3x 10'® photons/s the backscat-

tered radiation (with E > 10 keV) is still significant (so

Hing ever itional . . | | [ertical incidence [ 4
getting every additional reduction factor possible is impor |cutoft: 10 kev -

tant). For instance we see in Fig. 7 that a tungsten absorbger

with thin copper and silver coating sends b%clas much

radiation as an uncoated absorber. This is especially im-

portant for the absorber that is needed in front of the first

guadrupole septum at 12.5 m.
In Fig. 6 we see that along with an absorber for the sep-

tum there are also extra backscatter collimators to provide

additional backscatter suppression. With a properly optit { _

mized system it seems possible to limit the flux to less than i IR S Gl o o L ISR i i

20 gammas per bunch crossing with energigk09 keV 10 100

on the central beam pipe; however, this is still an order of Ec [keV]

magnitude greater than that experienced so far (i.e. during

1995 running). Figure 7: Comparison of backscattered synchrotron radia-
Another challenge concerns luminosity measurementon albedo for coated and uncoated tungsten absorber.

With reducedgs at the IP, the divergence of the photons

coming from the IP is greater, and the present luminosity
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