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NLO QCD FIT TO H1 DIFFRACTIVE DIS DATA�Frank-Peter Shillingfor the H1 CollaborationDESY, Hamburg, Germany(Reeived September 3, 2002)A new NLO DGLAP QCD �t to reent inlusive di�rative DIS datafrom the H1 ollaboration is presented. Di�rative parton distributions areextrated, inluding their experimental and theoretial unertainties. Theparton distributions are used for omparisons with reent di�rative �nalstate data from HERA and the Tevatron.PACS numbers: 12.38.Qk, 13.60.Hb1. IntrodutionMeasurements of the ross setion �D(xP; �;Q2) for di�rative Deep In-elasti Sattering (DIS) proesses of the type ep ! eXp by H1 at HERAhave reahed high preision [1℄. Here, Q2 is the photon virtuality, xP is thelongitudinal momentum fration of the di�rative exhange with respet tothe proton and � = x=xP is the exhange's longitudinal momentum fra-tion of the quark whih ouples to the virtual photon. The reent H1 dataare presented in terms of a redued ross setion �Dr , integrated over t, the4-momentum transfer squared at the proton vertex,d3�DdxP d� dQ2 = 4��2�Q4 �1� y + y22 � �D(3)r (xP; �;Q2) ; (1)(y = Q2=xs is the inelastiity) whih is expressed in terms of the di�rativestruture funtions FD2 and the longitudinal FDL as�D(3)r = FD(3)2 � y21 + (1� y)2FD(3)L : (2)� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3419)



3420 F.P. ShillingThe proof [2℄ of QCD hard sattering fatorisation in di�rative DIS jus-ti�es to express �D(3)r , at �xed xP, as a onvolution of di�rative partondistributions (dpdf's) fDi and partoni ross setions �̂�i:d�D(3)r (x;Q2; xP)dxP = Xi xPZx d� �̂�i(x;Q2; �) fDi (�;Q2; xP) : (3)The fDi should obey the DGLAP evolution equations and the �̂�i are thesame as for standard DIS. In a Next-to-Leading Order (NLO) DGLAP QCD�t, dpdf's are determined from the reent �D(3)r data from H1. Fatorisationin di�ration is tested by using these dpdf's for omparisons with di�rative�nal state data from HERA and the Tevatron.2. The NLO QCD �tIn the �t to the H1 �D(3)r data, the shapes of the dpdf's are assumedto be independent of xP (�Regge fatorisation�), whih is supported by thedata. The xP dependene is parameterised asfP(xP) = Z dt x1�2�P(t)P eBPt ; �P(t) = �P(0) + �0Pt ; (4)where �P(0) = 1:173 � 0:018 as obtained from a �t to the xP dependeneof the data1. A sub-leading exhange ontribution (parameterised usinga pion pdf) is inluded but found to be negligibly small for xP < 0:01.The di�rative exhange is parameterised by a light �avour singlet2 anda gluon distribution at a starting sale Q20 = 3 GeV2 using Chebyhevpolynomials. No momentum sum rule is imposed. Heavy quarks are treatedin the massive sheme with m = 1:5� 0:1 GeV. The strong oupling is setvia �MSQCD = 200� 30 MeV.The NLO DGLAP evolution equations are used. The QCD �t programis the one used in [4℄, extended for di�ration. In the �t, the experimentalsystemati errors of the data points and their orrelations are propagatedto obtain error bands for the resulting dpdf's. In addition, a theory erroris estimated by variations of �QCD, m and the parameterisation of the xPdependenes.The data used in the �t over xP < 0:05, 0:01 � � � 0:9 and MX >2 GeV, where the latter ut on the di�rative mass MX is applied to justifya leading twist approah. The NLO �t is performed to �Dr . However, due1 For the values of �0Pand BPand the assumed unertainties see [3℄.2 u = d = s = �u = �d = �s is assumed.



NLO QCD Fit to H1 Di�rative DIS Data 3421to the y range of the data there is presently no diret sensitivity to FDL .Two data sets are used in the �t: (1) the reent H1 preliminary data [3℄in the range 6:5 � Q2 � 120 GeV2 (284 points) and (2) H1 preliminarydata at higher Q2 [5℄ (200 � Q2 � 800 GeV2, 29 points). The �2 for theentral NLO �t is 308:7 for 306 degrees of freedom and 7 free parameters(3+3 parameters for the singlet and gluon distributions, 1 normalisation forthe sub-leading exhange ontribution).
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Fig. 1. The di�rative redued ross setion data as a funtion of � (top) and Q2(bottom), ompared with the result of the NLO QCD �t.



3422 F.P. ShillingThe result of the �t is ompared with the data in Fig. 1. The di�rativeparton distributions are presented in Fig. 2, where the inner error bandsorrespond to the experimental error and the outer error bands inlude inaddition the theory error. The parton distributions extend to large frationalmomenta z (or �). The gluon distribution is dominant. Fits at leadingorder (LO) have been performed as well and are ompared with previous H1�ts [6℄ in Fig. 2 (right). Taking the unertainties, espeially of the old �ts,into aount, the agreement is reasonable.
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NLO QCD Fit to H1 Di�rative DIS Data 3423Integrating the parton distributions over the measured kinemati range(0:01 < z < 1), the momentum fration of the olour singlet exhangearried by gluons is obtained (Fig. 3 left). At Q2 = 10 GeV2, it amountsto 75 � 15%. At NLO QCD, the perturbative leading twist omponent ofthe longitudinal di�rative struture funtion FDL is predited (Fig. 3 right).FDL is found to inrease relative to FD2 towards low Q2 and �.3. Comparison with di�rative �nal state dataQCD fatorisation in di�ration an be tested by using the dpdf's ex-trated from �Dr in DIS to predit the ross setions for di�rative �nal statessuh as jet and harm prodution. Both proesses are strongly sensitive tothe di�rative gluon distribution. Fig. 4 presents omparisons of H1 datafor di�rative dijet [7℄ and D� meson [8℄ prodution in DIS based on the LOdpdf's of the present as well as the previous QCD �ts3. The D� data arewell desribed using the new �t. Taking the unertainties in the dpdf's andalso the sale unertainties due to the LO omparison into aount, the dataare onsistent with QCD fatorisation.
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Fig. 4. Comparison of H1 measurements of dijet (left) and D� (right) ross setionsin di�rative DIS with preditions based on the new LO dpdf's.Fig. 5 shows a omparison of CDF data for di�rative dijet produtionat the Tevatron with a predition based on the dpdf's obtained at HERA.The new QCD �t on�rms the serious breakdown of fatorisation in di�ra-tion observed at hadron-hadron olliders, often interpreted as being due toadditional spetator interations whih suppress rapidity gaps (absorptiveorretions, �rapidity gap survival�).3 For more detailed omparisons, see [9℄.
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