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MEASUREMENT OF R = �L=�T INDEEP-INELASTIC SCATTERING ON NUCLEI�Antje BruellFor the HERMES CollaborationMIT, 77 Massa
husetts Avenue, Cambridge, MA 02139, USA(Re
eived June 28, 2002)Cross se
tion ratios for deep-inelasti
 s
attering from 3He, 14N and 84Krwith respe
t to 2H have been measured by the HERMES Collaborationat DESY using a 27.5 GeV positron beam. The data 
over a range inthe Bjorken s
aling variable x from 0.010 to 0.65 while Q2 varies from0.5 to 15 GeV2. From the dependen
e of the data on the virtual photonpolarisation parameter ", values for RA=RD have been derived, where Ris the ratio �L=�T of longitudinal to transverse DIS 
ross se
tions. Thehelium-3 and nitrogen data were published in 1999. Re
ently, those datawere found to be subje
t to an A-dependent tra
king ine�
ien
y of theHERMES spe
trometer, whi
h was not re
ognised in the previous analysis.The resulting 
orre
tion of the 
ross se
tion ratios is signi�
ant at lowvalues of x and Q2 and substantially 
hanges the interpretation of thosedata.PACS numbers: 13.60.Hb, 13.60.�r, 24.85.+p, 12.38.�t1. Introdu
tionSin
e the �rst observation of a medium modi�
ation of the nu
leon stru
-ture fun
tion F2(x) by the EMC 
ollaboration [1℄, several experiments atSLAC, CERN and Fermilab have measured the x-, Q2- and A-dependen
eof this e�e
t over a large kinemati
 range and for many nu
lei [2℄. Whilethe nu
leon stru
ture fun
tion has been found to depend on the mass of theatomi
 nu
leus over the entire x range � a phenomenon known nowadaysas the EMC e�e
t at x > 0:1 and as shadowing at lower values of x � noor only a very weak Q2 dependen
e has been observed. In 
ontrast to these� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3051)
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lear modi�
ations of F2, no experimental eviden
e was found for a nu-
lear e�e
t in R = �L=�T = FL=2xF2 [3℄, indi
ating that the nu
lear e�e
tsin the longitudinal and transverse 
omponents of the 
ross se
tion are thesame.In 1999, the HERMES 
ollaboration at DESY reported measurementsof the 
ross se
tion ratios of 3He/D and 14N/D whi
h di�ered signi�
antlyfrom the earlier measurements for x values below x = 0:06 [4℄. As theonly signi�
ant di�eren
e from the earlier measurements appeared to be thekinemati
 variable y, and hen
e the photon polarisation parameter ", thenew results were interpreted as eviden
e for a nu
lear in�uen
e on the ratioR of the 
ross se
tions for longitudinal and transverse photons. Values aslarge as 5 were found for the ratio R in nitrogen 
ompared to deuterium atx values around 0.01 and Q2 � 0:5 GeV2.2. Re-analysis of the HERMES results on �A=�DTo further investigate this very surprising e�e
t, additional data were 
ol-le
ted on a heavier target (84Kr) and at a di�erent beam energy. However,the analysis of the krypton data revealed a serious problem: the kryptondeep-inelasti
 
ross se
tion at very low x and Q2 be
ame negative! Thisobviously unphysi
al behaviour was �nally tra
ed to a pe
uliar instrumentale�e
t related to the re
onstru
tion e�
ien
y for radiative events asso
iatedwith elasti
 s
attering. At small values of apparent x and Q2, 
orrespond-ing to large values of y and small values of ", the 
ontribution from su
hradiative elasti
 s
attering be
omes large and � more importantly � verydi�erent for di�erent nu
lei (/ Z2). Unlike radiation asso
iated with inelas-ti
 pro
esses, whi
h is predominantly emitted in the dire
tion of either thebeam lepton (ISR) or the s
attered lepton (FSR), the hard photons asso
i-ated with nu
lear elasti
 s
attering involve negligible momentum transfer qto the target nu
leus (Compton peak). Espe
ially at small values of appar-ent x and Q2, the Compton peak be
omes mu
h more prominent 
omparedto ISR and FSR. Additionally, the nu
lear form fa
tor strongly suppressesthe 
ross se
tion for signi�
ant momentum transfer to the target, leavingonly the Compton peak (Fig. 1 (left)). With negligible nu
lear re
oil mo-mentum, essentially all of the transverse momentum of the s
attered leptonmust be balan
ed by that of the radiated hard photon, whi
h also 
arriesaway most of the beam energy at these large values of apparent y. In themirror-symmetri
 open geometry of the HERMES spe
trometer, this 
anhave drasti
 
onsequen
es. These energeti
 photons from nu
lear targetshave a high probability of hitting the dete
tor frames surrounding the beamline in front of the dipole magnet, and produ
ing extensive ele
tromagneti
showers that 
ause very high hit multipli
ities in these tra
king dete
tors.
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■   84KrFig. 1. (left) The nu
lear-elasti
 Bethe�Heitler 
ross se
tion on 14N for two di�erent
oplanar kinemati
 
onditions. The 
ontinuous 
urves in
lude the e�e
ts of thenu
lear form fa
tor. (right) Ratio of tra
k re
onstru
tion e�
ien
ies in 1H, 3He,14N and 84Kr with respe
t to 2H as fun
tion of x.For many of these nu
lear-elasti
 events, tra
k re
onstru
tion is thereforeimpossible, resulting in a large tra
king ine�
ien
y that is stri
tly 
orre-lated with only this pro
ess and kinemati
 situation. A simulation of theexperiment reveals the problem only if it in
ludes both the nu
lear targetwith its parti
ular radiative e�e
ts, and a 
omplete treatment of showers inmaterial outside of the geometri
 a

eptan
e, whi
h was not in
luded in theoriginal data analysis. These tra
k re
onstru
tion losses in the HERMESdete
tor have now been simulated in detail. The resulting re
onstru
tionlosses at low x and Q2 strongly depend on the target material and show astrong variation with y, and 
onsequently with x and Q2 (Fig. 1 (right)).After the 
orre
tion for the re
onstru
tion ine�
ien
ies, the 
ross se
tionratios of 3He/D, 14N/D and 84Kr/D are shown in Fig. 2 as a fun
tion of x in
omparison to the earlier measurements of SLAC and NMC. On average, thepresent data on �He=�D and �N=�D are about 1.5 % below the 
ross se
tionratio reported by NMC and SLAC. As the normalisation un
ertainty of thepresent data (1�1.8%) is 
onsiderably larger than that of the NMC data(0.4%), the �He=�D and �N=�D results have been renormalised by 1.5%. Nosu
h renormalisation has been applied to the Kr/D 
ross se
tion ratios. Forx values below x = 0:1, the present data on N/D and Kr/D are slightly below
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Fig. 2. (a) � Ratio of isos
alar Born 
ross se
tions versus x. (b) � �N=�D asfun
tion of " for �xed values of x.
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lei 3055the NMC data but 
onsistent within the present statisti
al and systemati
un
ertainties. When 
omparing the di�erent data sets in more detail as afun
tion of Q2 at �xed values of x, no signi�
ant Q2 dependen
e is observedin the 
ross se
tion ratios of 3He/D and 14N/D, while the Kr/D data seemto imply a somewhat weaker Q2 dependen
e than reported by the NMCmeasurement of �Sn=�D.3. Resulting values for RA=RDTo investigate a possible A-dependen
e of R(x;Q2), the 
ross se
tionratios have been �tted as a fun
tion of " for �xed values of x. In these �tsa parameterisation of RD [5℄ has been used, while the ratios RA=RD andFA2 =FD2 have been treated as free parameters. A single value of RA=RDand FA2 =FD2 has been extra
ted from ea
h x-bin. As an example, the "-dependen
e of the 14N/D 
ross se
tion ratio is shown in the right panel ofFig. 2. No signi�
ant "-dependen
e is observed. Similar 
on
lusions holdfor the other target nu
lei. The values of FA2 =FD2 derived from the �t of theHERMES data are found to be 
onsistent with previous measurements ofNMC and SLAC. The resulting values of RA=RD are shown in Fig. 3. Alsoshown are the results of the NMC experiment using the same pro
edure andpreviously published studies of the A-dependen
e of R [3, 5℄. All data arefound to be 
onsistent with unity. As the HERMES results on FHe2 =FD2 and
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Fig. 3. The isos
alar-
orre
ted ratio RA=RD for several nu
lei (A) with respe
t todeuterium as a fun
tion of Q2 for four di�erent x bins. (left) HERMES data only(right) �t to 
ombination of HERMES and NMC data.



3056 A. BruellFN2 =FD2 are found to be 
onsistent with the NMC results and independent ofQ2, the HERMES and NMC measurements of �A=�D have been 
ombinedto determine RA=RD. While the NMC measurements mainly 
over the high" values and thus determine the ratio FA2 =FD2 , the HERMES data extend tolower " values. Combining the two measurements thus signi�
antly in
reasesthe pre
ision on RA=RD. For Q2 values between 0.5 and 20 GeV2 and nu
leifrom He to Ca, RA is found to be 
onsistent with RD within about 25% withan average value for RA=RD of 0:96 � 0:03.REFERENCES[1℄ J.J. Aubert et al. (EMC),Phys. Lett. B123, 275 (1983).[2℄ P. Amaudruz et al. (NMC), Nu
l. Phys. B441, 3 (1995); M. Arneodo et al.(NMC), Nu
l. Phys. B441, 12 (1995); M. Arneodo et al. (NMC), Phys. Lett.B481, 23 (1996); M.R. Adams et al. (E665), Z. Phys. C67, 403 (1995); J. Gomezet al. (SLAC), Phys. Rev. D49, 4348 (1994).[3℄ S. Dasu et al. (SLAC), Phys. Rev. D49, 5641 (1994); P. Amaudruz et al.(NMC), Phys. Lett. B294, 120 (1992); M. Arneodo et al. (NMC), Phys. Lett.B481, 23 (1996).[4℄ K. A
kersta� et al. (HERMES), Phys. Lett. B475, 386 (2000).[5℄ K. Abe et al. (SLAC), Phys. Lett. B452, 194 (1999).


