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Abstract two magnetic spectrometer systems. 'File neutron sl)in
structure function g[_ is proportional to the difference over

The design of two magnetic spectrometers for the mea- the sum of the scattering crosa sections in which the beam
surement of the spin-dependent structure function gn ofx and target polarizations are parallel versus an, i-parallel.
the neutron and a test of the Bjorken sum rule is de-. The beam polarization will be measured by means of a
scribed. The measurement will consist of scattering M011er polarimeter [6] and the target polarization by two
23 GeV polarized electrons off a polarized atle target and NMR techniques [5,7].
detecting scattered electrons of 7 to 18 GeV at 4.5 ° and

7°. Each spectrometer is based on two large aperture TIlE MAGNET SYSTEMS
dipole magnets bending in opposite directions. This "re-
verse" deflection design doubles the solid angle as com- The two spectrometers will be centered around 4.[)Q
pared to the conventional design of same direction bends and 7.00 , which are the optimum scattering angles corre-
used in previous experiments. Proper choice of the de- sponding to the maximum polarized electron beam energy
flection angles and the distance between the two dipoles of 22.7 Ge\., presently available at. the SI, A(' fixed target
in each spectrometer allows background photons from ra- End Station A facility. A momentum acceplance ranging
dia tive processes to reach the detectors only after at least, from 7 to 18 GeV/c is required at these angles to cow'r
two bounces off the spectrometer vacuum walls, resulting tile desired range in tile Bjorken x scaling variahh" frol_l
in an expected tolerable background. Each spectrometer 0.035 to 0.7. A schematic of the two systems is sh ),vi'
is equipped with a pair of Cerenkov detectors, a pair of in Fig. 1. Both systems use m.'tgnetic eletlwnts fronl _lw
scintillation hodoscopes and a lead-gla_ss shower calorime- SI,AC 8 and 20 GeV/c sI)e,__r,mmt.ers an,l st an_tard .qllr-
ter providing electron and pion identification with angular plus concrete Mocks for background slliehling.
and naomentum resolutions sufficient for the experimental The design of tlm two sy:,tems was driven hy several re-
me_urement, mlirements. The cross sections to be measured are known

to be s,nall, t,ypically of the order of 10 -a2 cln"/(sr.(h'x7).

_zIOTIVATI()N The asymmei.ry in the cross sections of tlw lwo diiS', m
spin orientations is also predicted to I:wsIimll, of til,' or-

'this paper describes the design of two magnetic spec- der of 10-a. In order to minimize beam running i inw, lh,,
trometers to be used in an experiment [1] at. the Stanford spin structure function measurenwnts require spect roln,,-
Linear Accelerator Center that will (a) tne_ure the spin- ters with the largest possible solid angle over a nlom,ntunh
dependent structure function 9't_(a:) of tile neutron in the acceptance range extending from 7 to 18 (,eV/c.
Bjorken scaling variable x from 0.035 to 0.7 with squared In addition, these small scattering angle SlWCtrollwters
four-momentum transfers Q2 > 1 (GeV/c) 2 and (b) test should be able to suppress an expected large photon back-
the Bjorken polarization sum rule [2]" ground coming fro,-, the target due to brelllsst.rahluug

' 1 ]I[gA 1 ct' (? ]2) radiation, radiative Moiler scat tering and the decay of(1) photoproduced rr° mesons. Background rate est i,nates [8]
0 [gr(x)- gT(x)]dx = "_ gv have indicated the need for at least, a "two bounce sys-

where .qP(x) is the proton spin-dependent structure func- tem" (the shape of the spectrometer aperture should al-
tion, ct, is the QCD coupling constant and ]ga/gy ] is the low a photon to reach the detectors only after bouncing
ratio of the axial to vector weak coupling constants in the twice on the magnet gaps or vacuum wails) iu..order to
nucleon beta decay. The experiment is also expected to keep t,his background at a toleraMe lewq.
provide valuable information in understanding the viola- The naomentum resolution of the speqtromelers is de-
tion of the Ellis-aaffe quark parton model sum rule [3] as fined solely by' the required x resolution. The cross sec-
measnred by the EMC collaboration [4]. tion asyrnnmtries are not expected to exllibit any sizabh

dependence on naonaentum transfer [,I]. A resolution iu
TIlE EXPERIMENT x ranging from +0.00.1 al, a:=0.035 to +-0.07 at..r=0.

The experiment consists of scattering a 22.7 GeV Ion- (Ax/x = -t-0.10) is considered adequate for the needs t,f
git.udinally polarized electron beam off a polarized 3IIe the asymnmtry measure,,mnts. This translales to a re-

(neutron) target [5] and detecting scattered electrons in quired momentum resolution that varies fron_ +6.9_. at
E'=7 GeV/c to +.2.2% at E'=18 GeV/c for both spec-
trometers.

, Work supported by Department of Energy contracts DE- Past designs for polarized deep inelastic scal.lering ex-
AC03-76SF00515. periments at. SI, AC [9,10] have achieved a solid ang,le
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Fig. 1. "File two magnetic spectrometer systems and detector packages. Tile dipoles B202 and B204 and tile quadrupole Q203
are magnetic elements from tile SLAC 20 GeV'/c spectrometer. The dipoles BS1 and B82 are elements from the SI,AC 8 GeV/c
spectrometer. Not shown is a set of wire chambers in the 4.50 _rm and/or a third hodoscope in both arms (under consideration).

peaking at _ maximum value of--,0.6 nmr for the cen- I I I
tral momentuna but faliing rapidly on either side of the 0.8 -
relative momentum. The designs were based on two large SLAC 8 GeV/c E142 D_)
aperture dipole magnets both bending in the same diree- "_" Spectrometer 7° SpectrometertD
tion. A new design with the two dipoles bending in oppo- E _'

site directions provides asolid angle peaking at the same _ 0.6 - // _\\ E130DD__

maximum but remainiug constant over a large momentum

interval AE'/E' ,,, 100%. The solid angle of the "reverse UJ I \
bend" dipole doublet configuration, when integrated over J

the 7 to 18 GeV/c momentum interval, is twice that of cn_ 0.4 - ..// X\Spectrometer------_

two spectrometers is shown as a function of momentum lt x

i,, _,'igs.2 and 3. O" 0.2- // "\\ -
The reverse bend can also fulfill the "two bounce" re- 09

quirement by properly choosing the deflecting angles and
the separation of the two dipoles. In the 7.00 spectrome-

ter the distance between the two dipoles was chosen to be 0 ] j I ] I

2 m arid the two deflection angles 70 for B202 and 12° for 5 10 15 20
BSl. This combination makes the spectrometer a "two 10-gl

bounce" system for photons and at the same time pro- 7032A2 MOMENTUM (GeV/c)
rides sufficient total dispersion for determining the scat- .'_ig. 2. The solid angle of the 7.00 magnetic spectrometer s.vs-
tered particle momenta. In the 4.50 arm the deflection tem plotted versus momentum. Tile acceptances of tile El30
angles of the dipoles are the same as for the 7.0 ° arm spectrometer and of tile SLAC 8 GeV/c spectrometer are shown
but their separation is 4 m resulting in an almost "three Szr comparison.

bou nce" system.
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leln plotted versus momentum. The acceptance of tile SLAC 20

20 GeV/c spectrometer is shown for comparison. ._,-,_. l H _p- _.._
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Another advantage of the reverse bend configuration is -_..Ew0
t llal the detector package is located at approximately the
primary beam height. This convenient elevation makes ×
the concrete structure required for sl,:elding the detectors -10 --10 mr
from room background considerably less massive com-

pared to the conventional design with both dipoles bend- -20
il_g up. The reduced mechanical complexity translates to
significant economic benefits as both the set-up time and
al)paratus costs are minimized. -30 0 5 10 15 20

In the reverse bend design, the bend plane position of
the scattered particles at the detectors depends weakly ,0.9, z (m) ,0_,,
on their momenta as can be seen in Fig. 4. The patti-

Fig. 4. Raytrace for the 70 spectrometer for rays of difR.,.,t
cle momenta are correlated with the divergence of their momenta originating from the center of the polarized targ,.t.
trajectory at the exit. of the spectrometer. This results Ali rays are drawn with respect to the central trajectory of th,.
in a loss in momentum resolution, not critical to the ex- system (¢0 = 0o = 0 mr, E' = 10 GeV/c). Also showJ, at,.
periment, but spreads out the pion background, which the iron magnet poles and lead collimators. Top: bend I,la,,:

bottom: non-bend plane.is l-,ighly peaked at 7 GeV/c, onto a large detector area,
allowing measurements at a fairly large pion rate.

The purpose of the quadrupole in the 4.5 ° spectrom- THE DETECTORS

eter is to increase the angular magnification in the non- Each spectrometer will be instrumented with a pair ¢,f

bend plane and spread the scattered particles onto a larger gas threshold Cerenkov detectors [11], a pair of filwly s,_-
detector area in this direction as can be seen in Fig. 5. mented scintillator hodoscopes [12] and a segtnented h.,,I-
In the bend plane the quadrupole focusing improves the glass calorimeter of 24 radiation lengths in a fl.v's eye ar-
momentum resolution of the system as both the position rangement [13]. The electrons will be distinguished frotJ_
and divergence of the scattered particles at the exit of the large pion background using the pair of gas tl_rcsl_old
the spectrometer are correlated with momentum. The in- CJerenkov counters in coincidence. The pair of hodoscop,,s
troduction of the quadrupole reduces the highly peaked will provide tracking information as well as timing i,for-
solid angle in the range of 7 to 10 GeV/c and relaxes the mation to assist in pion rejection.

instantaneous counting rates in the detectors allowing ac- The scattered electron energy will be measured by two,
cumulation of data in parallel and at the same rate with methods. The first one will use the track information frol_

the 7° spectrometer, the two hodoscopes and the known optical proi,,rti_._ of
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•-,."--, The two (_:erenkov counters of eacll sl_oclrolll,'l,'l.-20 Pb , -.-.

2 and 4 iii iii length, eniplov CO., radiator g;ls l,,,caus,, of
-30 its properties of low scintillalioii and low cross secl ic, lis for
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production by' pions of 9 (;e\"/c and the 4 nj (-"er,:llk,)v
Fig. 5. Raytrace for the 4.50 spectrometer for rays of different counter at a threshold of 13 GeV/c. The exl_ecle_l lJtllll-
momenta originating from the center of the polarized target.
-\11 rays are drawn with respect to the central trajectory of the ber of phot, oelectrons per incident electron is calculalm] to
s.vstem (<b0 = 0o = 0 mr, E' = 10 GeV/c). Also shown are be, after taking into _tccount ali losses, greater llln_l 7.,'_.
the iron magnet poles and lead collimators. Top: bend plane; resulting in an detection efficiency over 9,().5_7¢.
bottom: non-bend plane. The two scintillator hodoscopes will provide data f_,r a

statistical evaluation of possible systematic errors iii l l_,.

lead-glass and (_:erenkov counter data. They are expecl,,,t

ll_e magnetic spectrometer. The second one will rely" on to be instrument.al in pion identification for _,.ast_l'l_a

l.l,e energy deposited in the lead-glass calorimeter. The also the asymmetry of inclusive pion vi,,l,ls, whicl_ is al,-

scattering angle is measured with very good resolution by other physics goal of the experiment.

using the hodoscope track information. The fine segmen- The fine segmentation of the hodoscopes (tl_,.r_. ar,,
t.ation of the shower counter can also provide a measure- --.140 scint il!at.or elen_ent.s per spectro_neter) was cl_os,,_

x_mnt of the scattering angle with resolution sufficient for to tolerate the large expected photon and neutron_ I,a,k-

the needs of the experiment., grounds and to reconstruct with sufficient resoluti<)_ rh,.
Each shower counter calorimeter will be assembled by production coordinates of the scattered partich,s, ltc, tl_

a subset of 200 blocks of the lead-glass package [14] of horizontal and vertical planes consist of scintillator _.l,.-

the ASP experiment at the PEP ring. The blocks will be merits of 3 cm width with a "2/3" overlap resulti_g i_ a

arranged in a fly's eye configuration with a segmentation bin width of 1 cre. The separation of the two hodosc(,l,,'-

ll_at will allow accumulation of data at a maximum _r/e will be ,-, 6.5 m in the 4.50 arm and -_ .t..'_ _ i_ (1_,
ratio of about 20. With the two (_erenkov counters in the 7.0 ° arm.



RESOI, UTIONS I I I '1

The shower counter resolution for electrons should be 10 -- B E1 42 --
about o'/E' ,_ ±7%/v/E 7. This est.imate will result in -

- 7° Spectrometer -a energy resolution < +2.5%, adequate for the needs of -
this experiment. The counter will be calibrated with a o_ -

m m

sample of scattered electrons of known energy in special •n

cleric electron-proton scattering runs using a gaseous hy- t-- []
drogen target. The energy of tile scattered electrons in o - • • _
these runs will be -,_ 5 GeV. Extrapolation of the calibra-

tion algorithm to higher energies will be checked using the °m
1 --"

scintillator hodoscopes, rr - [] -
The angular tracking resolutions of the hodoscopes are l=: -

+0.7 mr for the 4.5 ° spectrometer and 4-0.9 mr for the --a -
7.00 spectrometer; tile position tracking resolutions are ¢" -tD

4-0.3 cna for both spectrometers. The expected angular E - • H0doscope)_ ,.

o _)_racK_ngresolutions in tlm non-bend plane are --_4-0.3 mr for both :_ - [] Perfect [] -spectrometers. In the bend plane, they are --, 4-0.9 mr for
the 4.5 ° arm and ,-., 4-0.3 lhr for tile 7° arm.

The naomeldum resolution depends on the al)solute 0.1 ! [ [ I
value of ,nonmntum and varies from 4-0.5% to 4-1.89{, for 1 2 3 4

the 4.5 ° spectrometer and fronl 4-0.6% to 4-3.5% for the _09,,o.,7 Reverse TRANSPORT Expansion Order
7.00 spectrometer as can be seen in Fig. 6. The figure also
slmws the projected energy resolution of tlm reconfigured Fig. 7. Average momentum resolution of the 70 spectrometer
ASP shower counter as well as tile reqliired nlolnen|.unl system versvs the order of the reverse TI/ANSI)()RT set of
resolution t.hat corresponds to the desired Bjorken z res- matrix elements. Shown is the intrinsic resolution assuming

perfect tracking and the resolution using i,hc track information
olution. The angular and naomentum sl)ectronmter reso- from the two hodoscopes.
lutions, averaged over the 7 to IS GeV/c range, are given
for both systems in Table 1.

The initial (at the target,) production coordinates Xo,
0o, Vo and ¢o and the monaentum of the particles trans-
ported through the spectrometers will be reconstructed by
lneans of reverse-order TRANSPORT matrix elements [15] ] ] ] ]
using the final (at tile second hodoscope location) _.t, O.t, 10 _-- •
y/ and ¢! coordinates of tile particles. Tlm very large - E142 -
momentum bites of the spectrometers require at least a - 4.5 ° Spectrometer -
third-order reverse q'RANSPORrI ' expansion in Y.t and ¢1 o_ _
for reconstructing the particle momenta as can be seen in _"
Figs. 7 and 8. The angular coordinates 0o and ¢o are 111
well reconstructed by a second-order reverse expansion in o
terms of the final coordinates.

o •
1 --- O--

_UMMARY AND OUTLOOK tD -
rr - [] -

The reverse bend design generally is a practical, cfff- E -- "
cient configuration for low resolution experiments that re- _ _
quire high momentum (> 10 GeV/c) spectrometers main- c-tD _

taining a large solid angle over a large momentum range. E • Hodoscope)Trackingo El
Another experiment using tile two spectrometer sys- _ - [] Perfect

terns is being proposed [16] at. SLAC for measuring deep

inelastic scattering of 25.9 GeV polarized electrons from ] I ! I

polarized ammonia (NII3) and deuterated ammonia (NDa) 0.1 1 2 3 4
targets. The same spectrometer design could be used in ,0,,
the polarized exl_eriments possible with a planned [17] 7o_2_ Reverse TRANSPORT Expansion Order

upgraded beam energy of 50 GeV. Fig. 8. Average momentum resolution of the ,1.5° speclromelor
system versus the order of the reverse TRANSI_OI{T set of

ACI£NOWI, EI)GMENTS matrix elements. Shown is lhc intrinsic resol.tion assuming
We wish to acknowledge the invahmble support of perfect tracking and the resolution using the track information

Sylvia MacBride, Vani Bust.anaante and Kevin Johnston from the two hodoscopes.
from the SLAC Publications Depart naent iu this work.



Table 1. Momentum and angular resolutions, averaged over a 7 to 18 GeV/c range, using third-order (second-order) reverse
matrix elements for momentum (angle) reconstruction.

7° Spectrometer

RESOLUTION Intrinsic Hodoscope
Tracking

Momentum + 0.7 % 5:2.2 %

Bend Plane Angle _o + 0.2 mr + 0.3 mr

Non-bend Plane Angle 0o 0 mr + 0.3 mr

4.5 ° Spectrometer

RESOLUTION Intrinsic Hodoscope
Tracking

Momentum + 0.6 % + 1.2 %

Bend Plane Angle _o :!: 0.7 mr :t:0.9 mr

Non-bend Plane Angle 0o 0 mr + 0.3 mr
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