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NEW RESULTS ON INCLUSIVE DIFFRACTION�Paul Lay
o
kfor the H1 CollaborationDepartment of Physi
s, Oliver Lodge Laboratory, University of LiverpoolLiverpool, L69 7ZE, UK(Re
eived September 16, 2002)Two new measurements of di�ra
tive DIS events (ep ! eXp) wherethere is a large gap in rapidity between the hadroni
 systemX and the lead-ing proton p are presented, measured with the H1 dete
tor at HERA. The�rst te
hnique measures the full �nal state in
luding the leadingproton. The t dependen
e of the data, parameterised by d�=dt / eBtgives a value of B = 5:0 �0:3 (stat)�0:8 (syst)GeV�2. The se
ond, higherstatisti
s, measurement te
hnique sele
ts di�ra
tive events on the basisof a large rapidity gap separating X and p. The redu
ed 
ross se
tion�D(3)r (= FD(3)2 if FD(3)L = 0) is extra
ted and good agreement is foundbetween the two te
hniques. A value of �P(0) = 1:173 � 0:018 (stat) �0:017 (syst)+0:063�0:035 (model) is measured for the e�e
tive pomeron inter
eptand the Q2 and � dependen
e of the data are des
ribed by a NLO QCD�t to the data in
luding a Regge fa
torisation hypothesis. The logarithmi
Q2 derivative of the ratio of the di�ra
tive to the in
lusive 
ross se
tion ismeasured and found to be 
onsistent with zero in the bulk of phase spa
e.PACS numbers: 12.38.Qk, 13.60.Hb1. Introdu
tionDi�ra
tive DIS, 
�p! Xp, uses the point-like virtual photon as a probeto study the QCD stru
ture of 
olour-singlet ex
hanges. The redu
ed 
rossse
tion �D(4)r is de�ned using:d�ep!eXpd�dQ2dxPdt = 4��2�Q4 �1� y + y22 ��D(4)r ; (1)� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3413)
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kwhere Q2 is the virtuality of the photon and t is the 4-momentum transfersquared at the proton vertex. In the in�nite momentum frame of the protonxP is the longitudinal momentum fra
tion of the di�ra
tive ex
hange withrespe
t to the proton and �(= x=xP) is the di�ra
tive equivalent of theBjorken x s
aling variable, i.e. the longitudinal momentum fra
tion of thestru
k quark1. �D(4)r is related to the more familiar stru
ture fun
tions by�D(4)r = FD(4)2 � y21 + (1 � y)2 FD(4)L : (2)Thus �D(4)r =FD(4)2 if FD(4)L = 0, and, as 
an be seen in Eq. (2), �D(4)r �FD(4)2is an approximation valid at all but the highest y.Following the proof of QCD hard s
attering fa
torisation for di�ra
tiveDIS by Collins [2℄ it is now possible to de�ne di�ra
tive parton densityfun
tions (pdfs) p(x;Q2; xP; t) with no additional assumptions. At �xed xPand t these pdfs should obey the DGLAP evolution equations, allowing a testof the dynami
s of di�ra
tion purely within the framework of perturbativeQCD. An additional assumption whi
h is often made is that the xP andt dependen
ies fa
torise from the hard s
atter. This is referred to as theRegge fa
torisation s
heme.2. Analysis and resultsTwo analysis methods are employed, the �rst of whi
h measures the
omplete �nal state using the Forward Proton Spe
trometer (FPS) of H1to dete
t the leading proton [3℄. All 4 of the kinemati
 variables are mea-sured in the range 2 < Q2 < 50 GeV2, 5 � 10�3 < � < 1, xP < 0:09 and�0:45< t< �0:08GeV2. The t dependen
e of the data 
an be �tted withan exponential parameterisation d�=dt / eBt and a value of B = 5:0 �0:3 (stat) � 0:8 (syst) GeV�2 averaged over the full measured range is ob-tained. A predi
tion of Regge fa
torisation is that B will have the formB = B0 + 2�0 ln(1=xP), resulting in a phenomenon known as �shrinkage�if �0 is non-zero. As shown in Fig. 1(a) the data are in
on
lusive on thissubje
t.The se
ond analysis method sele
ts events on the basis of a rapidity gapseparating the leading proton, whi
h es
apes undete
ted, from the hadroni
�nal state system X [1℄. The measurement 
overs the kinemati
 range6:5 < Q2 < 120 GeV2, 0:01 < � < 0:9, 10�4 < xP < 0:05. In the rapiditygap sele
tion t is not measured and so an integration is performed over thekinemati
ally allowed range (�1:0GeV2 < t < tmin), and the results arepresented as the three dimensional quantity �D(3)r (�;Q2; xP). A �ux fa
tor,1 See [1℄ for more formal de�nitions.
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Fig. 1. t-dependen
e using the FPS sele
tion te
hnique (a). The Pomeron inter
ept�P(0) (b).fP(xP) = R tmin�1:0 eBtx2�(t)�1P , motivated by Regge theory is used to in
orporatethe xP dependen
e of the redu
ed 
ross se
tion2. A dire
t 
omparison of allxP bins is then possible by simply dividing �D(3)r by fP(xP).The � and Q2 dependen
ies of �D(3)r with the xP dependen
e fa
toredout 
an be seen in Fig. 2. The Q2 distributions show large positive s
alingviolations persisting to � ' 0:6, 
onsistent with gluon dominated di�ra
tivepdfs extending to large �. Comparison of the di�erent xP bins shows thatthere is no remaining xP dependen
e in the data, supporting the Reggefa
torisation hypothesis. The � distributions also show no remaining xPdependen
e of the data, allowing the full � stru
ture to be seen. The �distributions are seen to be quite �at a
ross the full measured range of �.The NLO QCD �t to the rapidity gap data [4℄ assumes that the shape ofthe pdfs are independent of xP and is seen to be able to des
ribe the data.Fig. 1(b) shows a 
omparison of the e�e
tive pomeron inter
ept �P(0) asextra
ted3 from in
lusive neutral 
urrent data and rapidity gap di�ra
tivedata. The value of �P(0) for di�ra
tion at high Q2 is signi�
antly higherthan that measured for the soft pomeron and there is eviden
e that thedependen
e on Q2 is weaker in the di�ra
tive 
ase than in the in
lusive 
ase.The value of �P(0) is found to be 
onsistent with previous measurements andis �P(0)=1:173 � 0:018(stat)� 0:017(syst)+0:063�0:035(model).2 Details of the values of the parameters used 
an be found in [1℄.3 Details of the �Pextra
tion pro
edure 
an be found in [1℄.
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Fig. 2. Q2 and � dependen
ies of the data 
ompared with the NLO QCD �t.
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lusive Di�ra
tion 3417The ratio of the di�ra
tive to the in
lusive redu
ed 
ross se
tion,�Dr =�r, is measured for the rapidity gap data, and the logarithmi
 Q2 deriva-tive of this ratio is studied, again 
omparing all xP bins by dividing the ratioby fP(xP). The results are shown in Fig. 3 and it is found that this quantityis 
onsistent with zero a
ross the bulk of the measured phase spa
e, whi
hsuggests that the dynami
s of the stru
tures being probed arise from 
loselyrelated physi
al me
hanisms. The ratio 
learly be
omes negative as � ! 1,i.e., as xP! x.
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Fig. 3. Logarithmi
 Q2 derivative of ratio �Dr =�r.REFERENCES[1℄ H1 Collaboration, submitted to International Europhysi
s Conferen
e on HighEnergy Physi
s EPS01, Budapest, July 2001, abstra
t 808, available fromhttp://www-h1.desy.de/h1/www/publi
ations/htmlsplit/H1prelim-01-111.long.html.[2℄ J. Collins, Phys. Rev. D57, 3051 (1998); Erratum Phys. Rev. D61, 019902(2000).[3℄ H1 Collaboration, submitted to International Conferen
e on High EnergyPhysi
s ICHEP02, Amsterdam, July 2002, abstra
t 984.[4℄ F.-P. S
hilling, [H1 Collaboration℄, A
ta Phys. Pol. B33, 3419 (2002), thesepro
eedings.


