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ABSTRACT 

The El55 Collaboration at SLAC has collected precise polarized deep- 
inelastic scattering data which will provide further insights into the struc- 
ture of the nucleon. The SLAC 48.3 GeV electron beam was used to obtain 
data from both proton and deuteron targets covering 0.01 < z < 0.9 and 
1(GeV/c)2 < Q2 < 40(GeV/c)2. El55 is the first high dose electron 
scattering experiment to use lithium deuteride (‘jLi2H) as a target material. 

*Supported by DOE Contract DE-AC03-76F005 15. 

@ 1998 by Lee Somll. 

-423- 



-PZP- 

aJms!d aA!eu s!q] UI .u!ds uoa[mu aql ql!~ pau%[r! su!ds J!aq$ aAVq leql synnb aql Q!M 
aIdno 11~~ urds uoa[Dnu aql ql!M pat&@-Flue u!ds SIT qpM uoloqd e ‘@q!w!s .(s!xe 
waq aql %uo@ luauodwo3 u!ds aql salwpu! =s aJaqM) Z/I+ 01 Z/I- = *s cuoJ3 waql 
dg pue u!ds uoaI3nu aql qi!M pa&!@-gut? su!ds q]!M symnb aql 01 aIdno II!M uoapnu 
aql q$!M pau%gE u!ds s]! q]!M uoloqd @np!A auo-u!ds 1? ‘JapJo k?urpVaI UI .u!ds uoal3nu 
aql ql!M pau%!@ pue pa&h@-Flue uo!lezgIod uoloqd @nV!A aql ql!M paJnseaur am ,,t~ 

Pm $0 suogzas ssoJ3 uogdrosqeoloqd @nu!A asJaAsUeJ1 aqL .zn/z6 = ,L qD!qM u! 

(0 

‘hauuuds~ uoloqd pw.qA @u!pn$hol aql aJnwaw 
uw aM uaql ‘uogour uoloqd aql30 uog3aJ!p aql %uo@ pazqlod SF uoal3nu aql31 .uoap 
-nu pazylod E uo luap!Du! uoloqd @np!A pazglod e 30 asw aql Jap!suoD lsJy 01 s! 
uogvzylod ynnb ]au aq$ uo UO~~IXILIO~II~ ap!AoJd sagaunudse asaql Moq pue$sJapun 
01 k?~ aIdw!s v ~sa!Jlaunudse asaql tuoJ3 pauyunap am W pue 16 suog3un3 aJn] 
-3n.w paz!mlod aql pue paJnseam aJe sagauuudse uo!l3as-ssoJ:, ‘asw pazptqod aql q 

.a2fn?q3 
Bu!puodsa*loD aql s! % pm SJOAE~ ymnb paMor@ L[@D!leuraug aq] JaAo SUUJ uIns aql 
u! F xapu! aqL .(dIaA!laadSaJ) u!ds uoal3nu aql ql!M pat&@-!lU?2 pue paU%!@ aq 01 JOAV~ 
ynnb ql$ aql Jo3 suognqpls!p &!qt?qoJd aql am (,b ‘z):6 pw (,g ‘z);b suog~uy aql 

(z) 

suo!mq!Jlsrp uomd pa%?JaA!+u!ds aq$ JaAo 
wns E dq uaA@ SF 1~ uog3uy ami3n.w aql ‘JapJo 8u!peaI uI .uog2aJ!p ureaq @u!Qo 
aq 01 IDadsaJ q]!M a@, 8u!~a$$e~s aq$ s! 0 pue SSBUI uoapnu aql s! m ‘uorwba s!ql UI 

(I) 
[ (z’o)zuvl (,&IJZ + (z&&q (~/~)ZS03Z,3bD~ = op 1 PO I3PUP 

‘(1) ‘ba u! uMoqs se Zd pu?=? 1~ suog~uy aJn]3nus paz!reIodun aql 01 paw1a-r aq uw 
s]uauraJnseaur aaysn[XI! aql UIOJJ paI+?lqo uogDas sso13 aql ‘am pazplodun aql Lq 

.ymnb ~3~1s aql dq pay:, uInluawouI uoa[Dnu aql30 
~0~13~~3 aql saA@ alqe!Jk?A %ugws uayJo[g aqL .(‘3$wz = 5 = z alqe!reA %!@3S 
UayIO@ aql put2 ‘zo pamnbs JaJsueJl mnluauIouI-Jno3 aql auvalap In23 aM UO!WUJO3U! 
sg UJOJ~ wofl3aJrp waq luap!3u! aql 01 ]DadsaJ q3!M uonDa[a paJaw= aql 30 (0) 
a@ut2 put2 (,q) BJaua aql pue ‘(a) LiTJaua uoJlDa[a luap!Du! aql dq pauvalap an 1uaAa 
%uuallws ayl30 wgwuaug aqJ .(I +hg aas) pal3alap s! uon3aIa paJaw3s aql d[uo 
qa!qM u! ‘@Jallws Dgselau!-daap aA!sn[3u! uo pasnDo3 aAeq swauruadxa 3~1s aq.L 

‘s,d(ld pazpIod aql U~J~SUOD 0) 
JapJo u! luatugadxa a@u!s e u! a%ueJ 3!wuaug alqrssod Isap!m aql %&raAo3 uolalnap 
pue uoloJd aql qloq ~03 sa[dures a%[ up?$qo 01 SEM luaurgadxa ~~13 aq, 30 @08 u!Wu 
aqI II’3tq~ pm 8~~~3 dq pauuo3Jad sly aql se q3ns suownba uowona (dvwa 
JO !syd-q[aJelw) aql pw suogeIn3p29 aa& aA!leqJn&Iad JapJo-Fhpeal-ol-lxau Bu!sn 
(s,dad) suog~uy uognqgs!p uomd pazy[od 30 uo!leuyrJalap ayl palqwa pw UO!S!D 
-aJd 30 sIana %!ssaJXq pap!AOJd aAr?q oIbs3a pm 6-9‘3v~s S‘mg3 1~ swaurgadxg 
‘uoaI3nu aql30 ma!A Jaq3u E papIa!k aAeq q3gM uoaI3nu aql30 aJnl3n-w u!ds aqi 30 
sa!pnls @$uaur&wcixa pm @3gaJoaql @uo!qppe palt?Agow sg~ ,,‘s!s!J~ u!ds,, aql 01 pa1 
pm ‘u!ds uoa[Dnu aql how 01 sylenb aDua@A aql s$Dadxa auo q3gM u! ‘(&q&) Tapour 
uomd-yJenb aA?u aql uo paseq suogvl3adxa pal3!pvJwo3 sy~ w!ds s,uoaIDnu aql OI 
aIll! haA alnqumo3 sqrenb aql wl paw!pu! p~~3 pue Fcz3v~s IZ! wawadxa 4 
paup?$qo sl[nsaJ d[rea ;(suoa[XIu SE u~ooy dIaag3aIIo3) uoJlnau pm uoloJd aql30 aJn1 
-3~s u!ds @ura$u! aql %!dpnls ~03 100) pI$IaMod E! s! @Ja~ws DpsgIaur-daap paz!JEIod 

uo!lmpoquI 1 



The other virtual photon asymmetry A2 is related to the transverse-longitudinal 
interference term GTL 

Az(x, Q2) = 2aTL 

&’ + u$” 
= p(~> Q”) + gdx, &“I 

Fl(z,Q’) 

This asymmetry does not lend itself to the naive interpretations given above, but does 
play a role in the extraction of the structure functions. In the past, A2 = 0 has been 
used in the determination of the structure functions, but more recent data suggest that 
while A2 is small, it is not consistent with zero. 

1.3 Polarized DIS 

At SLAC, cross-section asymmetries are measured using polarized electrons, which 
interact with the polarized nucleons through the exchange of virtual photons (see Fig. 
2). The “depolarization” factor, which reflects the difference between the electron po- 
larization and virtual photon polarization, can be calculated and used in relating the 
experimental asymmetries to the desired structure functions. The cross section asym- 
metry Ali is obtained by polarizing the target parallel to the direction of the beam and 
measuring the difference in scattering rates for left and right electron helicity: 

All = g1(x,Q2)[E+ E’cosO] - $g2(z,Q2)}. (5) 

The factor fk includes the unpolarized structure function Fr and the ratio of the trans- 
verse and longitudinal virtual photon cross sections R 

where 

l--E 
fk = vFl(s, Q”)[l + ER(z, Q2)]’ 

E = 1-t 2(1+ $)tan2(O/2) 
[ 1 

-1 
(7) 

In the expression for the cross-section asymmetry, the first arrow indicates the electron 
helicity and the second arrow indicates the target helicity. The SLAC experiments have 
also performed the same measurement with the target polarization reversed to mini- 
mize electroweak contributions and check for systematic effects. This experimental 
asymmetry can be related to the virtual photon asymmetries using 

Ali = DC& + A), (8) 

detector 

polarized 
target 

polarized 
beam 

Fig. 2. Polarized inclusive deep-inelastic scattering. 

where n = cm/(E - E’e) and the depolarization factor is given by D = (1 - 
E’e/E)/(l + CR). Since A2 is typically small, we see that Ali x DAl, i.e., the asym- 
metry obtained using electrons is proportional to the virtual photon asymmetry, but is 
reduced by the depolarization factor. 

Another experimental cross-section asymmetry Al is obtained by polarizing the 
target in a direction transverse to the beam and measuring the rates for incident electrons 
with left and right helicity: 

Al = 
&+ - ,t+ 

u1+ + at+ = fkE’sin6’ (~I(~,Q~) + ~d~,Q2)). (9) 

As in Eq. (5), the factor fk is given by Eq. (6). For the recent SLAC experiments, 0 is 
small, so Al is primarily sensitive to ~2, whereas A,, is primarily sensitive to gi. 

1.4 Polarized Structure Functions 

Using Eqs. 2 and 3, one can see that in leading order we expect the longitudinal struc- 
ture function gi to be given by 

sl(? Q2) = i xez”Aqi = i c eT[qT(z, Q2) - qt(z, Q”)], 
* z 

where Aqz is the polarized quark distribution for the ith quark flavor. In leading or- 
der, gr is only sensitive to the net quark polarizations. In particular, the data from the 
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heating. Nuclear magnetic resonance (NMR) measurements were made using coils em- 
bedded in the target materials to determine the polarization at regular intervals. These 
measurements were calibrated to the signal measured at thermal equilibrium (TE) near 
1.6 K. These TE polarizations are small (typically 5 0.5%), but can be compared with 
the predictions of the Boltzmann distribution to obtain an accurate calibration’i 

As in E143, ammonia (15NHa) was used as the proton target material. Polariza- 
tion values of N 90% were typically achieved after l&20 minutes. The polarization 
slowly decreased due to radiation damage and was restored by periodic annealing at 
about 80 K. Unlike E143, which used deuterated ammonia (i5NDa), El55 used lithium 
deuteride22 because it provides a larger ratio of polarized (effective) deuterons to the 
total number of nucleons and higher radiation resistance. The lithium (6Li) can, to the 
first order, be treated as a polarized deuteron plus an unpolarized alpha particle, and 
therefore half of the nucleons in ‘LiD are the desired polarizable species.23 Lithium 
deuteride is also five times as radiation resistant as i5NDa. Pre-irradiation doses of 1.3- 
4.5 x 1017e-/cm2 were used to create the paramagnetic centers necessary for dynamic 
nuclear polarization. An average in-beam free deuteron polarization (P,) of 22% was 
achieved during E155. The maximum value was obtained after an exposure of ap- 
proximately 5x 1015e-/cm2 in the 48.3 GeV beam (see Fig. 4). An overall relative 
uncertainty of 4% on Pt was achieved for the deuteron. 

2.3 Spectrometers and Detectors 

Scattered electrons were detected in three independent magnetic spectrometers at cen- 
tral angles of 2.75”, 5.5”, and 10.5” with respect to the incident beam (see Figs. 5 and 
6). The spectrometers at 2.75” and 5.5” were used previously in the El54 experiment.’ 
These spectrometers used two dipole magnets with opposing field directions to perform 
momentum selection, and the 2.75” line included a quadrupole magnet to optimize the 
distribution of particles at the shower counter. Electrons were identified by two thresh- 
old gas Cherenkov counters and an electromagnetic calorimeter that consisted of a 20 
by 10 stack of lead glass blocks 24 radiation lengths (X0) thick. Particle momenta and 
scattering angles were measured with two sets of scintillator hodoscopes. The 10.5” 
spectrometer was added for El55 to double the Q2 range of the experiment (see Fig. 
7). It consisted of a single dipole magnet between two quadrupole magnets followed 
by a scintillator hodoscope, a threshold gas Cherenkov counter, and an electromagnetic 
calorimeter with a preradiator (PR) section and a total absorption (TA) section. The PR 

e- 
Target -” 

Fig. 3. The El55 target assembly. 
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Fig. 6. Elevation view of El55 spectrometers. 

351 El55 kinematic coverage 
by spectrometer 

10 -2 10 -l 
‘Bj 

Fig. 7. 5 and Q2 range for the El55 spectrometers (note the log scale for z). The data 
correspond to - lo6 beam spills (a few hours of data). 
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Fig. 8. Proton results for 8  evolved to Q2  = 5  (GeV/c)* from El55 as a  function Fig. 9. Deuteron results for gy  (bottom) from this experiment (E155) as a  function of x 
of x (filled circles). The  uncertainties on  the points are statistical. The  shaded band  (filled circles). The  inner bars indicate the statistical uncertainties, while the outer bars 
indicates the systematic uncertainties. Results from El43 (open circles), SMC (stars), include the systematic errors added  in quadrature.  The  top section shows xgf for El55 
and  HERMES (triangles) are also shown. Results from El43 (open circles) and  SMC (open boxes)  are also shown. 
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Fig. 11. Preliminary El55 results for the proton structure function g$ versus x (crosses). Fig. 12. Preliminary El55 results for the deuteron structure function g$ versus x 

The uncertainties on the points are statistical. The El43 data have also been shown for (crosses). The uncertainties on the points are statistical. The El43 data have also 

comparison (diamonds). The solid line indicates the prediction from Wandzura and been shown for comparison (diamonds). The solid line indicates the prediction from 

Wilczek15 using a fit to world g1 data. Also shown are calculations from Song31 (dot- Wandzura and Wilczekt5 using a fit to world gr data. Also shown are calculations from 

dashed line) and Stratmann3* (dashed line). Song31 (dot-dashed line) and Stratmann3’ (dashed line). 
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%!seaJ3u! 30 sJo$~~ado pazy?urrouaJ 30 sa!Jas e 30 suual u! %!Jalw3s 3gsaIaur-daap u! 
sluauIa[a X!J]~W 3ruoJpeq aql aluM 01 sn SMOII\? gdo aqJ ‘(ado) uorswdxa I~npoJd 



References 

[I] R. G. Roberts, The Structure ofthe Proton, Cambridge Univ. Press (1990). 

[2] SLAC ESO, M. J. Alguard et al., Phys. Rev. Lett. 37, 1261 (1976). 

[3] SLAC E130, G. Baum et al., Phys. Rev. Lett. 51, 1135 (1983). 

[4] EMC, J. Ashman et al., Nucl. Phys. B 328, 1 (1989). 

[5] SMC, B. Adeva et al., Phys. Rev. D 58,112OOl (1998). 

[6] SLAC E142, P. L. Anthony et al., Phys. Rev. D 54,662O (1996); 

[7] SLAC E143, K. Abe et al., Phys. Rev. D 58, 112003 (1998). 

[8] SLAC E154, K. Abe et al., Phys. Lett. B 405, 180 (1997); K. Abe et al., Phys. 
Rev. Lett. 79,26 (1997). 

[9] SLAC E155, l? Anthony et al. Phys. Lett. B 458, 529 (1999); SLAC-PUB-8041, 
hep-ex/9904002. 

[lo] HERMES Collaboration, A. Airapetian et al., Phys. Lett. B 442, 484 (1998); 
K. Ackerstaffet aZ., Phys. Lett. B 404,383 (1997). 

[l l] SMC Collaboration, B. Adeva et al., Phys. Rev. D 58, 112002 (1998). 

[12] H. Georgi and H. D. Politzer, Phys. Rev. D 9, 416 (1974); D. J. Gross and 
F. Wilczek, Phys. Rev. D 9,980 (1974). 

[13] “CTEQ Handbook of Perturbative QCD,” Rev. Mod. Phys. 67, Number 1, 157 
(1995). 

[14] G. Altarelli and G. Parisi, Nucl. Phys. B 126, 298 (1977); V N. Gribov and 
L. N. Lipatov, Sov. J. Nucl. Phys. 15, 438, 675 (1972); Yu. L. Dokshitzer, Sov. 
Phys. JETP 46,461 (1977). 

[15] S. Wandzura and F. Wilczek, Phys. Lett. B 72, 195 (1977). 

[ 163 R. Alley et al., Nucl. Instrum. Methods A 365, 1 (1995); J. E. Clendenin et al., 
Report No. SLAC-PUB-7619 (1997). 

[17] F. J. Decker et al., Report No. SLAC-PUB-7214 (1996). 

[18] H. R. Band et al., Nucl. Instrum. Methods Phys. Res., Sect. A 400,24 (1997). 

[19] D. G. Crabb and D. B. Day, Nucl. Instrum. Methods Phys. Res., Sect. A 356, 9 
(1995). 

[20] A. Abragam, Principles of Nuclear Magnetism, Oxford University Press (1961). 

[21] D. G. Crabb and W. Meyer, Annu. Rev. Nucl. Part. Sci 47,67 (1997). 

[22] S. Biiltmann et al., Nucl. Instr. Meth. A 425,23 (1999). 

[23] 0. A. Rondon, Phys. Rev. C 60,035201, (1999). 

[24] T. V. Kukhto and N. M. Shumeiko, Nucl. Phys. B 219,412 (1983); I. V. Akusevich 
and N. M. Shumeiko, J. Phys. G 20,513 (1994). 

[25] Y. S. Tsai, Report No. SLAC-PUB-848 (1971); Y. S. Tsai, Rev. Mod. Phys. 46, 
815 (1974). 

[26] W. Melnitchouk, G. Piller, and A. W. Thomas, Phys. Lett. B 346, 165 (1995). 

[27] K. Abe et al., Phys. Lett. B452, 194 (1999). 

[28] NMC Collaboration, l? Arneodo et al., Phys. Lett. B 364, 107 (1995). 

[29] Particle Data Group, Eur. Phys. J. C 3, (1998). 

[30] J. Ellis and R. Jaffe, Phys. Rev. D 9, 1444 (1974); ibid. D 10, 1669 (1974). 

[31] X. Song, Phys. Rev. D 54, 1955 (1996). 

[32] M. Stratmann, Z. Phys. C 60,763 (1993). 

[33] X. Ji and P Unrau, Phys. Lett B 333,228 (1994). 

[34] E. Shuryak and A. Vainshtein, Nut. Phys. B 201, 141 (1982). 

[35] R. Jaffe and X. Ji, Phys. Rev. D 43,724 (1991). 

[36] E. Stein et al., Phys. Lett B 343,369 (1995). 

[37] I. Balitsky, V Braun, and A. Kolesnichenko, Phys. Lett. B 242, 245 (1990); ibid. 
B 318,648 (1993) (Erratum). 

[38] B. Ehrnsperger and A. Schafer, Phys. Rev. D 52,2709 (1995). 

-435- 


