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MEASUREMENT OF R = �L=�T INDEEP-INELASTIC SCATTERING ON NUCLEI�Antje BruellFor the HERMES CollaborationMIT, 77 Massahusetts Avenue, Cambridge, MA 02139, USA(Reeived June 28, 2002)Cross setion ratios for deep-inelasti sattering from 3He, 14N and 84Krwith respet to 2H have been measured by the HERMES Collaborationat DESY using a 27.5 GeV positron beam. The data over a range inthe Bjorken saling variable x from 0.010 to 0.65 while Q2 varies from0.5 to 15 GeV2. From the dependene 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 setions. Thehelium-3 and nitrogen data were published in 1999. Reently, those datawere found to be subjet to an A-dependent traking ine�ieny of theHERMES spetrometer, whih was not reognised in the previous analysis.The resulting orretion of the ross setion 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. IntrodutionSine the �rst observation of a medium modi�ation of the nuleon stru-ture funtion F2(x) by the EMC ollaboration [1℄, several experiments atSLAC, CERN and Fermilab have measured the x-, Q2- and A-dependeneof this e�et over a large kinemati range and for many nulei [2℄. Whilethe nuleon struture funtion has been found to depend on the mass of theatomi nuleus over the entire x range � a phenomenon known nowadaysas the EMC e�et at x > 0:1 and as shadowing at lower values of x � noor only a very weak Q2 dependene has been observed. In ontrast to these� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3051)



3052 A. Bruellnulear modi�ations of F2, no experimental evidene was found for a nu-lear e�et in R = �L=�T = FL=2xF2 [3℄, indiating that the nulear e�etsin the longitudinal and transverse omponents of the ross setion are thesame.In 1999, the HERMES ollaboration at DESY reported measurementsof the ross setion ratios of 3He/D and 14N/D whih di�ered signi�antlyfrom the earlier measurements for x values below x = 0:06 [4℄. As theonly signi�ant di�erene from the earlier measurements appeared to be thekinemati variable y, and hene the photon polarisation parameter ", thenew results were interpreted as evidene for a nulear in�uene on the ratioR of the ross setions 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�et, additional data were ol-leted 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 setion at very low x and Q2 beame negative! Thisobviously unphysial behaviour was �nally traed to a peuliar instrumentale�et related to the reonstrution e�ieny for radiative events assoiatedwith elasti sattering. At small values of apparent x and Q2, orrespond-ing to large values of y and small values of ", the ontribution from suhradiative elasti sattering beomes large and � more importantly � verydi�erent for di�erent nulei (/ Z2). Unlike radiation assoiated with inelas-ti proesses, whih is predominantly emitted in the diretion of either thebeam lepton (ISR) or the sattered lepton (FSR), the hard photons assoi-ated with nulear elasti sattering involve negligible momentum transfer qto the target nuleus (Compton peak). Espeially at small values of appar-ent x and Q2, the Compton peak beomes muh more prominent omparedto ISR and FSR. Additionally, the nulear form fator strongly suppressesthe ross setion for signi�ant momentum transfer to the target, leavingonly the Compton peak (Fig. 1 (left)). With negligible nulear reoil mo-mentum, essentially all of the transverse momentum of the sattered leptonmust be balaned by that of the radiated hard photon, whih also arriesaway most of the beam energy at these large values of apparent y. In themirror-symmetri open geometry of the HERMES spetrometer, this anhave drasti onsequenes. These energeti photons from nulear targetshave a high probability of hitting the detetor frames surrounding the beamline in front of the dipole magnet, and produing extensive eletromagnetishowers that ause very high hit multipliities in these traking detetors.
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■   84KrFig. 1. (left) The nulear-elasti Bethe�Heitler ross setion on 14N for two di�erentoplanar kinemati onditions. The ontinuous urves inlude the e�ets of thenulear form fator. (right) Ratio of trak reonstrution e�ienies in 1H, 3He,14N and 84Kr with respet to 2H as funtion of x.For many of these nulear-elasti events, trak reonstrution is thereforeimpossible, resulting in a large traking ine�ieny that is stritly orre-lated with only this proess and kinemati situation. A simulation of theexperiment reveals the problem only if it inludes both the nulear targetwith its partiular radiative e�ets, and a omplete treatment of showers inmaterial outside of the geometri aeptane, whih was not inluded in theoriginal data analysis. These trak reonstrution losses in the HERMESdetetor have now been simulated in detail. The resulting reonstrutionlosses 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 orretion for the reonstrution ine�ienies, the ross setionratios of 3He/D, 14N/D and 84Kr/D are shown in Fig. 2 as a funtion of x inomparison 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 setionratio reported by NMC and SLAC. As the normalisation unertainty 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%. Nosuh renormalisation has been applied to the Kr/D ross setion 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 isosalar Born ross setions versus x. (b) � �N=�D asfuntion of " for �xed values of x.



Measurement of R = �L=�T in Deep-Inelasti Sattering on Nulei 3055the NMC data but onsistent within the present statistial and systematiunertainties. When omparing the di�erent data sets in more detail as afuntion of Q2 at �xed values of x, no signi�ant Q2 dependene is observedin the ross setion ratios of 3He/D and 14N/D, while the Kr/D data seemto imply a somewhat weaker Q2 dependene than reported by the NMCmeasurement of �Sn=�D.3. Resulting values for RA=RDTo investigate a possible A-dependene of R(x;Q2), the ross setionratios have been �tted as a funtion 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 extrated from eah x-bin. As an example, the "-dependene of the 14N/D ross setion ratio is shown in the right panel ofFig. 2. No signi�ant "-dependene is observed. Similar onlusions holdfor the other target nulei. 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 proedure andpreviously published studies of the A-dependene of R [3, 5℄. All data arefound to be onsistent with unity. As the HERMES results on FHe2 =FD2 and
0

1

2

3

4

5

6

R
A
/R

D

0

1

2

0

1

0

1

1 10
Q 2 (GeV 2)

▲ HERMES(Kr/D)
●  HERMES(N/D)
❐  HERMES(3He/D)

NMC(C/D)
NMC( 4He/D)

◊  NMC(Sn/D)
✩  NMC(Ca/D)
❍  SLAC(C/D)

 0.15 < x < 0.8

 0.06 < x < 0.15

 0.03 < x < 0.06

 0.01 < x < 0.03

0

0.5

1

1.5

2

2.5

3

3.5

4

1 10

●  HERMES + NMC (N/D)

■  HERMES + NMC (3He/D)

NMC (4He/D)

✩  NMC (Ca/D)

NMC (C/D)

Q 2 (GeV 2)

R
A
/R

D

Fig. 3. The isosalar-orreted ratio RA=RD for several nulei (A) with respet todeuterium as a funtion 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 inreasesthe preision on RA=RD. For Q2 values between 0.5 and 20 GeV2 and nuleifrom 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), Nul. Phys. B441, 3 (1995); M. Arneodo et al.(NMC), Nul. 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. Akersta� et al. (HERMES), Phys. Lett. B475, 386 (2000).[5℄ K. Abe et al. (SLAC), Phys. Lett. B452, 194 (1999).


