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UPDATE OF MRST PARTON DISTRIBUTIONS�R.S. ThorneCavendish Laboratory, University of CambridgeyMadingley Road Cambridge, CB3 0HE, UKA.D. Martin, W.J. StirlingDepartment of Physi
s, University of Durham, Durham, DH1 3LE, UKand R.G. RobertsTheory Division, CERN, 1211 Geneva 23, Switzerland(Re
eived July 1, 2002)We dis
uss the latest update of the MRST parton distributions in re-sponse to the most re
ent data. We dis
uss the areas where there are hintsof di�
ulties in the global �t, and 
ompare to some other updated sets ofparton distributions, parti
ularly CTEQ6. We brie�y dis
uss the issue ofun
ertainties asso
iated with partons.PACS numbers: 12.38.Bx, 12.38.Cy, 12.38.Qk, 13.60.HbOver the past 
ouple of years there has been a large amount of updateddata both from HERA [1, 2℄, on small x stru
ture fun
tions, and from theTevatron, on high-ET jet produ
tion [3, 4℄, whi
h has been more a

uratethan previous data, and expanded the phase spa
e signi�
antly. This hadled to a number of updated sets of parton distributions [5�9℄. In this talkwe dis
uss the most re
ent updates to the MRST set of parton distributions,highlighting the su

esses and failings, and also 
ompare to other new setsof distributions.The updated MRST partons were released in 2001 [5℄. Compared toprevious sets the main improvement was in the a

ura
y of the determinationof the gluon distribution, whi
h was 
onstrained far more strongly at highx due to the new Tevatron jet data. �S(M2Z) was left as a free parameter� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.y Royal So
iety University Resear
h Fellow.(2927)



2928 R.S. Thorne et al.in the �t, and found to be 0:119 � 0:002(exp) � 0:003(theory), where theexperimental error was determined by letting the �2 for the global �t in
reaseby 20 from the minimum (see [10℄ for a dis
ussion of the suitable in
rementin �2 to determine the error in a global �t). The �t was of good qualityoverall, but struggled a little in some regions. It was hard to provide enoughhigh x gluon to �t the jet data very well, and also to have su�
ient moderatex gluon to obtain a large enough value of dF2(x;Q2)=d lnQ2 for x � 0:01.Conversely, the data required the very small x gluon to be small (whi
h alsohelps the previous short
omings due to the 
onstraint on the total gluonfrom the momentum sum rule), and at our input s
ale Q20 = 1GeV2 it wasfound to be ne
essary to expand our parameterization to allow the very smallx gluon to be
ome negative. This latter point led to a dangerously smallpredi
tion for FL(x;Q2) at small x and Q2.Soon afterwards the CTEQ6 set of partons was published [6℄. In mostways these are very similar to the MRST01 partons, and produ
e similarresults. However, there are a number of signi�
ant di�eren
es, parti
ularly
on
erning the gluon. CTEQ have developed a di�erent type of parameter-ization for the partons, whi
h allows for a di�erent shape at very high x.Whereas MRST were only able to get a 
ompletely satisfa
tory �t to theTevatron jet data if the input gluon is allowed to have a de�nite kink atx � 0:5 (and with �S(M2Z) = 0:121), CTEQ obtain a very good �t with nosu
h modi�
ations.However, this problem of obtaining a very good �t to the jet data dependson many issues. CTEQ do indeed obtain a mu
h better �t using this newparameterization for the gluon (with same NLO pres
ription the �2 qualityis about 50 better) as seen for D0 data in Fig. 1. However, there are manydi�eren
es in their approa
h 
ompared to MRST other than the parameteri-zation: CTEQ 
ut data above Q2 = 4GeV2, 
ompared to Q2 = 2GeV2; theydo not use some data sets used in [5℄, i.e. SLAC and one H1 high-Q2 set;they use (10%) systemati
 errors (in quadrature) for Drell�Yan data whereasin [5℄ only statisti
al errors are used. Additionally CTEQ have a positive-de�nite small x gluon at their starting s
ale of Q20 = 1:69GeV2, they usea massless 
harm pres
ription and there are various other minor di�eren
es.In order to investigate whi
h initial 
hoi
es are most important for thequality of the �t to the jet data, or equivalently, whi
h a�e
t the extra
tedform of the high-x gluon, we performed various �ts 
hanging these 
hoi
es.We found that we 
an improve the �ts to jets within the global �t by variousmodi�
ations. Unexpe
tedly, allowing one of the parameters 
ontrollingthe negative 
ontribution to our gluon at very small x to vary away froma previously �xed value resulted in ��2J � �5. The �t to the Drell�Yan dataa
tually 
ompetes with that to the jets, and using only statisti
al errors (thesystemati
 errors being de�ned a little vaguely) presumably over-weights
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MRST 2001 and D0 jet data, αS(MZ)=0.119 , χ2= 106/82 pts
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Fig. 1. Comparison of MRST �t to D0 jet data to CTEQ6 �t.



2930 R.S. Thorne et al.these. Adding 5% systemati
 errors in quadrature to the statisti
al errors(whi
h is probably the best approa
h [11℄) leads to ��2J � �10. Boththese modi�
ations should be performed, and will be implemented in futureMRST �ts. The resulting partons are 
urrently denoted MRST?. The onlyreal 
hange 
ompared to MRST01 is for the high x gluon.We also dis
overed that further 
hanges 
ould improve the quality ofthe jet �t. Changing the Q2-
ut on the data from the MRST value ofQ2 = 2GeV2 to the CTEQ value of Q2 = 4GeV2 leads to ��2J � �10.Fitting to the same data as CTEQ, i.e. omitting the SLAC data and oneH1 high-Q2 data set and in
reasing the Drell�Yan systemati
 errors to 10%leads to ��2J � �15. The 
umulative e�e
t of all these above steps in asingle �t is ��2J � �40, whi
h is obtained with a smooth high-x gluon. Wedenote the resulting partons by MRSTCTQ. We 
on
lude that the remainingimprovement of ��2J � �10 seen by CTEQ is due mainly to their newparameterization, but that this is only a relatively minor e�e
t. Indeed, we
ompare the gluons from CTEQ6, MRST01, MRST? and MRSTCTQ inFig. 2. Clearly MRSTCTQ has a very similar high-x gluon to CTEQ6, and
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Fig. 2. Comparison of MRST2001 gluon distribution to the other distributionsdes
ribed in the text.
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h of the way in the same dire
tion. However,all the MRST gluons are di�erent from the CTEQ6 gluon at smaller x dueto their freedom to have a negative input distribution. We also note thatalthough we feel the steps produ
ing the MRST? partons should be madein future, the further ones leading to MRSTCTQ are a di�erent matter.Although they improve the quality of the jet �t they are not the best �twhen in
luding the data sets omitted by CTEQ and the �t is not good at allfor data with Q2 < 4GeV2. It is 
ertainly true that we should question thenature of our 
ut on Q2 (as well as on W 2 and x), but this is a 
ompli
atedquestion whi
h will be addressed elsewhere [12℄.The 
omparison to the other sets of parton distributions obtained by �tsto mainly stru
ture fun
tion data, e.g. [7�9℄, are qualitatively the same asthey have been for some time. Sin
e only MRST and CTEQ �t the jet data,it is only these partons whi
h have a dire
t 
onstraint on the high-x gluon.All other �ts always obtain, to varying degrees, a smaller high-x gluon whi
h
onsequently allows both a larger moderate-x gluon to �t the HERA dataand a usually a slightly smaller value of �S(M2Z). Hen
e, the omission of thejet data tends to mask slightly the possible problems en
ountered in tryingto �t the HERA data very well.Re
ently, many groups have not only obtained partons from a best �tbut, using various methods, have also examined the un
ertainty on thesepartons due to experimental errors. MRST have 
on
entrated on the La-grange Multiplier te
hnique [13℄ in order to obtain un
ertainties on physi
alquantities and the 
orresponding extreme sets of partons. Su
h un
ertain-ties, and partons, are available for W and Higgs produ
tion at the Tevatronand LHC, and for 
harged 
urrent 
ross-se
tions at x = 0:5 for HERA [14℄,both for �xed and varying �S. However, we have always believed that the-ory is one of the dominant sour
es of error. Hen
e, as well as attemptingto determine the areas where the 
urrent theory may require 
orre
tionsby investigating the 
uts on data [12℄, we have also produ
ed approximateNNLO parton distributions and predi
tions [15℄ (based on the approximatesplitting fun
tions [16℄ obtained from the known NNLO moments [17℄). In-deed, we �nd, for example, that the NNLO W 
ross-se
tion at the Tevatronis 4% higher than at NLO, and believe this result is reliable. This 
hangeis at least as large as the un
ertainty due to experimental errors, and Wprodu
tion is likely to be subje
t to smaller theoreti
al un
ertainty thanmany other quantities � parti
ularly those dire
tly related to the gluon.Hen
e, an understanding of theoreti
al un
ertainties seems to be a priorityat present.
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