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e dePhysique des Parti
ules, CE-Sa
lay, 91191 Gif-sur-Yvette Cedex, Fran
e(Re
eived September 12, 2002)Di�ra
tive intera
tions represent a lively domain of investigations, as
on�rmed by the progresses reported during the 
onferen
e. We summa-rize the di�ra
tive intera
tions session and put the new experimental data(Se
tion 1), developments in modeling di�ra
tion (Se
tion 2) and the theo-reti
al relations with Quantum Chromodynami
s (Se
tion 3) in perspe
tive.PACS numbers: 12.38.Qk, 13.60.Hb, 13.85.Hd1. HERA and Tevatron on di�ra
tionThe basis for the investigations on di�ra
tion is provided by a largeand interesting set of new experimental data. Indeed, the phenomenon of�hard� di�ra
tion, where a hard probe has been proven to be 
onsistent witha di�ra
tive pro
ess, 
ame �rst as an experimental surprise both at hadron�hadron (Sp�pS; 88', Tevatron 95') and lepton�hadron (HERA, 94') 
olliders.It is thus to be remarked that new interesting results have been providedthis year by thorough experimental studies at HERA and Tevatron, leadingalso to a preview on what 
an be expe
ted from HERA, Tevatron (Run II)and LHC on di�ra
tion in the future.� Plenary presentation at the X International Workshop on Deep Inelasti
 S
attering(DIS2002) Cra
ow, Poland, 30 April�4 May, 2002.(3645)



3646 H. Jung, R. Pes
hanski, C. Royon1.1. Di�ra
tive stru
ture fun
tion measurements at HERA and QCD �tsThe H1 
ollaboration [1℄ presented at this 
onferen
e a new measurementof the di�ra
tive stru
ture fun
tion employing the rapidity gap method us-ing the 1997 data representing 10.6 pb�1 whi
h is 5 times more luminositythan for the previous measurement. In Fig. 1 is presented the new FD2 mea-surement together with the old data of 1994. The kinemati
al domain is 6.5
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Fig. 1. Comparison on the new (1997) and old (1994) measurements of the protondi�ra
tive stru
ture fun
tion from the H1 experiment.
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D LO QCD FitFig. 2. Quark and gluon density in the Pomeron obtained with a NLO and a LODGLAP QCD �t of the H1 di�ra
tive data.< Q2 < 120 GeV2, 0.01 < � < 0.9 and 10�4 < xP < 0:05. Globally a goodagreement between the old and the new measurement is observed. A fewbins show large di�eren
es whi
h explain the di�eren
es in the QCD NLODGLAP �t as we will see in the following. A good agreement between the ra-pidity gap measurement and the forward proton spe
trometer data has alsobeen shown [1℄. A Regge �t of the new data leads to a new measurement ofthe Pomeron inter
ept �P(0) = 1:173�0:018(stat)�0:017(syst)+0:063�0:035(model)in good agreement with the previous measurement. The growth of �P(0) asa fun
tion of Q2 is slower for di�ra
tive events than for in
lusive ones [1℄.The inter
ept of the se
ondary Reggeon was �xed to 0.5, 
onsistent with theprevious value [2℄.The H1 
ollaboration has also presented a new NLO DGLAP QCD �tof the new 1997 data. The data used in the �t 
over xP < 0:05, 0:01 �� � 0:9 and MX > 2 GeV. The latter 
ut is applied to justify a leadingtwist approa
h. Two set of data are used in the �t: the new H1 preliminarydata presented at this 
onferen
e (6:5 � Q2 � 120 GeV2), and the higherQ2 data (200 � Q2 � 800 GeV2) [3℄. The quark and gluon distributionstogether with their errors are given in Fig. 2. The gluon is found to bedominant. The 
omparison at LO with the previous data is given in Fig. 3and shows di�eren
es for the quark density at low values of �, and for thegluon density over the full range where the gluon is found to be smaller than
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tive data, 
ompared with the result using 1994 data.before. Taking into a

ount the un
ertainties (espe
ially of the old �ts) theagreement is still reasonable. As we will see in the following, this new QCD�t will have important 
onsequen
es on di�ra
tive �nal state predi
tions andon 
omparison with Tevatron data. Integrating the parton distributions overthe measured kinemati
 range leads to a determination of the momentumfra
tion of the 
olor singlet ex
hange 
arried by gluons, whi
h is found to be75� 15% at Q2 = 10 GeV2 [3℄.1.2. Di�ra
tive and total 
ross se
tionsThe ratio of di�ra
tive to the total 
ross se
tion was known to be energyindependent, if investigated as a fun
tion ofMX [4℄. In this 
ontext, progresshas been made in understanding also the leading neutron 
ross se
tions, asthey 
an be reasonably well des
ribed by the one-pion-ex
hange me
hanismand in terms of the pion stru
ture fun
tion [5℄.In ve
tor�meson (V ) produ
tion the energy dependen
e of the ratio�(ep ! eV p)=�tot(ep) was investigated [6℄. The energy dependen
e of �meson produ
tion is found to be the same as for the in
lusive 
ross se
-tion for values of 0:15 < (Q2 +M2)=4 < 6:9GeV2, whereas J= produ
-tion shows a steeper energy dependen
e in the same range of (Q2 +M2)=4.
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tions Working Group Summary 3649In models, where di�ra
tion is dire
tly related to non-di�ra
tion, a steepenergy dependen
e is expe
ted, as observed in the 
ase of J= produ
-tion. This observation supports the pi
ture that the pQCD 
ross se
tionfor ve
tor�meson produ
tion goes like �xG(x;Q2)�2, with xG(x;Q2) beingthe standard proton gluon density. The observation of no energy depen-den
e in 
ase of the � meson and also for in
lusive di�ra
tion implies thatthe 
ontribution of hard and soft pro
esses is di�erent in di�ra
tion andnon-di�ra
tion.When 
omparing the ratio with theoreti
al expe
tations one should keepin mind, that the in
lusive 
ross se
tion is measured at t = 0 whereas indi�ra
tion normally a range in t is integrated over, whi
h due to shrinkagein the soft di�ra
tive part, 
an easily lead to a 
hange of the energy slope ofthe order of 20%. If, however, even with a larger lever arm in energy, thisratio stays 
onstant as a fun
tion of the energy, mu
h 
an be learned aboutthe interplay of soft and hard intera
tions.1.3. Ve
tor meson produ
tionAt this 
onferen
e, new measurements of ve
tor meson (�, J= ) produ
-tion both at large jtj and at large Q2 have been presented [7, 8℄, showing abehavior typi
al for hard s
attering pro
esses, if jtj or Q2 is large enough. Inphotoprodu
tion also  (2S) mesons have been investigated [9℄ and analyzedin terms of the dipole pi
ture whi
h shows sensitivity to the di�erent wavefun
tions of the J= and  (2S) mesons. Ex
lusive � produ
tion has beenstudied at HERMES [10℄ in terms of the 
oheren
e length of the photon. Theve
tor meson studies have also been extended to 
over the lightest ve
tormeson, the photon, via the DVCS pro
ess [11℄. The measurements 
an bereasonably well des
ribed in terms of the approa
h using generalized partondistributions [12℄.Instead of ve
tor mesons with C = �1, �nal states with C = +1 
anbe produ
ed by Odderon ex
hange. However, no experimental signal forthe C = +1 states 
ould be observed [13℄. In di�ra
tive disso
iation inphotoprodu
tion the Pomeron inter
ept �P = 1:127� 0:004� 0:025� 0:046has been obtained from a triple Regge analysis [14℄, whi
h agrees within theerrors with the value obtained in di�ra
tive DIS.1.4. Di�ra
tion at Tevatron1.4.1. Hard di�ra
tion with rapidity gapsUsing the DØ and the CDF dete
tors, events produ
ed in p�p 
ollisionswith large rapidity gaps have been investigated at the Tevatron Run I fortwo 
enter-of-mass energies of 630 and 1800 GeV [15,16℄. The DØ and CDF
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ollaborations have studied the forward and 
entral di�ra
tive dijet produ
-tions. The DØ 
ollaboration is requiring two jets with ET > 12 or 15 GeVin two di�erent pseudo-rapidity region j�j < 1 (
entral region) and j�j > 1:6(forward region). The fra
tion of di�ra
tive events in the two kinemati
alregions for the two 
enter-of-mass energies have been 
ompared to di�er-ent theoreti
al predi
tions. The hard and �at gluon rates predi
ted by theMonte Carlo are higher than in the data, and the fa
t that the rates arehigher for forward jets than for 
entral ones. This indi
ates that the dataare more 
ompatible with a 
ombination of a soft (� (1 � �)5) and hardgluon (� (1 � �)) density fun
tion in the Pomeron. A Pomeron made ofquarks is also 
ompatible with the data [15℄. Contrary to the DØ 
ollabo-ration who 
orre
ts the Monte Carlo predi
tion and not the data, the CDF
ollaboration 
hose to 
orre
t the experimental di�ra
tive rates for �rapiditygap a

eptan
e�, de�ned as the ratio of events with � less than 0.1. Thisexplains most of the di�eren
es in di�ra
tive rates published by both exper-iments. The CDF 
ollaboration has measured the di�ra
tive rates for theDijet+Gap, Jet+Gap+Jet, di�ra
tive b, and J=	 produ
tion, and they areall in the 1% range [16℄. Sin
e the measured single di�ra
tive pro
esses havedi�erent sensitivities to the quark and gluon 
ontent of the Pomeron, it ispossible to determine the gluon fra
tion of the Pomeron fg whi
h has beenfound to be 0:54+0:16�0:14 to be 
ompared with the HERA result 75 � 15% atQ2 = 10 GeV2 [3℄.The new result by the DØ 
ollaboration 
onsists in the observationof di�ra
tively produ
ed W and Z. The di�ra
tive W rate is 0:89+0:20�0:19%(forward: 0.64%, 
entral: 1.08%), and the di�ra
tive Z rate is 1:44+0:62�0:54%.This is the �rst time that an eviden
e of di�ra
tive Z produ
tion is shown.The CDF 
ollaboration also reports eviden
e for di�ra
tive W produ
tion,and their rates is 1:15 � 0:55%.1.4.2. Hard di�ra
tion with tagged protons or antiprotonsThe CDF 
ollaboration installed roman pot dete
tors at the end of Run Ito be able to tag the antiprotons in the �nal state. In leading order, theratio RSDND of single di�ra
tive to non-di�ra
tive dijet produ
tion rates isequal to the ratio of di�ra
tive to non-di�ra
tive stru
ture fun
tions of theantiproton. The measurement of this ratio and the knowledge of the an-tiproton stru
ture fun
tion leads dire
tly to a measurement of the di�ra
-tive antiproton stru
ture fun
tion [16℄ whi
h 
an be 
ompared dire
tly tothe HERA measurement. Fig. 2 of Ref. [16℄ shows the measured di�ra
tivestru
ture fun
tion in the kinemati
 region jtj< 1GeV2, 0:035 < � < 0:095,and Ejet1;2T >7GeV. The 
omparison between the HERA extrapolation to
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tions Working Group Summary 3651the CDF kinemati
al domain and the CDF results is given in Fig. 4 andshows a dis
repan
y in normalization of a fa
tor 7 to 8 between both exper-iments. However, 
ontrary to previous results based on previous H1 mea-surements, the shape of both distributions seems to be quite 
lose [16℄. Itseems that these results 
ould be interpreted in term of a survival gap prob-ability whi
h does not seem to be kinemati
ally dependent. The knowledgeof the se
ondary Reggeon stru
ture fun
tion is also not 
onstrained fromHERA (the pion stru
ture fun
tion is assumed) and 
an surely in�uen
e the
omparison between the HERA and Tevatron results. The understandingof di�ra
tive results from HERA and Tevatron together is 
learly a theo-reti
al and experimental 
hallenge in the next future, and is fundamentalif one wants to understand what di�ra
tion is. This is also important forextrapolating Tevatron results to LHC as we will dis
uss in the following.
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IR onlyFig. 4. Comparison of the CDF measurement of the antiproton di�ra
tive stru
turefun
tion with the extrapolation of the H1 measurement using a DGLAP NLO QCD�t. We note a dis
repan
y in normalization but the shapes seem to be similar.The DØ 
ollaboration has also installed roman pot dete
tors whi
h willallow to in
rease notably the possibilities for di�ra
tive measurements atRun II. The DØ Forward Proton Dete
tor (FPD) [17℄ 
onsists of momen-tum spe
trometers whi
h allow to measure the energies and angles of thes
attered proton and antiproton in the beam pipe. Tra
ks are measuredusing s
intillating �ber dete
tors lo
ated in va
uum 
hambers positioned inthe Tevatron tunnel 20�60 meters upstream and downstream of the 
entralDØ dete
tor. Results using these new dete
tors are expe
ted for the nextDIS 
onferen
e.
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hanski, C. Royon1.4.3. Double-gap soft di�ra
tionThe CDF 
ollaboration presented a study of p�p 
ollisions with a leadingantiproton and a rapidity gap in addition to that asso
iated with the an-tiproton [18℄. They �nd that the two-gap to one-gap event ratio is largerthan the one-gap to no-gap ratio. It means phenomenologi
ally that the�pri
e� to pay to get a se
ond gap is smaller than the �pri
e� to get one gap.The data are in agreement with the predi
tions of the gap renormalizationapproa
h [18℄. 1.5. Future of di�ra
tion1.5.1. Di�ra
tive Higgs produ
tion at LHCAt this 
onferen
e, the more re
ent approa
hes giving predi
tions fordi�ra
tive Higgs 
ross se
tions were dis
ussed [19℄. We 
an distinguish be-tween proton-based [20℄, Pomeron-based [21℄ and soft 
olor intera
tion basedmodels [22℄. These models are 
ompared in detail in Ref [19℄, and we willonly summarize the main results. The proton-based models [20℄ do not as-sume the existen
e of the Pomeron and lead to a spe
i�
 signature where wehave the de
ay produ
ts of the Higgs boson in the main dete
tor, the taggedprotons in the roman pot dete
tors and nothing else (ex
lusive model). Thismodel also predi
ts the dijet 
ross se
tions and thus 
an be tested dire
tlyalready at Tevatron. In parti
ular, it leads to a peak in the dijet mass dis-tribution at high values and the Tevatron experiment will be a dire
t testof this model. The Pomeron-based models [21℄ (in
lusive models) assumea Pomeron made of quarks and gluons. These models produ
e a Higgs in themain dete
tor together with the Pomeron remnants, and two tagged protonsin the roman pot dete
tors. It is possible to re
onstru
t pre
isely the Higgsmass provided one 
an measure the amount of energy lost in the Pomeronremnants [21℄. The third set of models based on soft 
olor intera
tion [22℄assumes that di�ra
tion is due to 
olor rearrangement in the �nal state, andthus does not assume the existen
e of the Pomeron. As shown in Table I,these models lead to di�erent predi
tions of the di�ra
tive Higgs produ
tionat Tevatron and LHC. All models give low 
ross se
tions for the Tevatron,and looking for di�ra
tive Higgs seems to be di�
ult ex
ept for the super-symmetri
 Higgs, whi
h might in
rease the 
ross se
tion notably. At LHC,all models ex
ept the soft 
olor intera
tions give quite high 
ross se
tion,but still show big di�eren
es.It will be quite important to distinguish between the di�erent modelsin the near future at the Tevatron. All models 
an give predi
tions fordi�ra
tive dijet or di-photon produ
tion at the Tevatron, and the forth
om-ing measurements in the next years will allow to distinguish experimentally
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tions Working Group Summary 3653TABLE INumber of events for 10 fb�1 for di�ra
tive Higgs produ
tion for di�erent models(ex
lusive Higgs produ
tion (1), in
lusive Higgs produ
tion in the fa
torizable (2)and non fa
torizable (3) 
ases, soft 
olor intera
tion model (4)).(1) (2) (3) (4)H � 120GeV, Tevatron 0.3 3 22 1:2� 10�3H � 120GeV, LHC 14 3600 3219 0.2H � 160GeV, LHC 5.5 1460 2100 ?between the models and to make better predi
tions for LHC. Another issueis the energy dependen
e of the survival gap probability whi
h needs to beunderstood theoreti
ally if one wants to make predi
tions for LHC [23℄.1.5.2. Prospe
ts on experimental fa
ilitiesAfter more than 10 years after the �rst results on hard di�ra
tion, thepi
ture of high energy pro
esses be
omes 
learer. In many aspe
ts di�ra
-tion is similar to non-di�ra
tive s
attering, and only now with pre
ise mea-surements, deviations from the simple expe
tations are observed. However,more investigations are needed to substantiate su
h observations. With theupgraded HERA ma
hine a substantial in
rease in luminosity is still ex-pe
ted, and with the installation of the new very forward proton spe
trom-eter (VFPS) ex
iting new results 
an be expe
ted [24℄.The understanding of di�ra
tion seems to a
t as a key to the understand-ing of the stru
ture of the proton, be it in terms of 
on�nement or in termsof high parton densities and self intera
tion leading to saturation, or simplyin terms of the small x evolution of parton densities. Given the impor-tan
e of understanding QCD as a whole, several future 
ollider options arepresently dis
ussed where these and other questions 
ould be answered [25℄(see Table II). TABLE IIPossible future 
ollider options at Ele
tron Ion Collider (EIC), HERA IIIand THERA.
ollider energies [GeV℄ ps [GeV℄ lum [/se
/
m2℄EIC Ee = 3�10, Ep � 30�250 � 20�100 � 1033�1034HERA III Ee � 30, Ep � 820�920 300�330HERA Ee = 250�500 Ep � 1000 1000�1414 � 1030
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hanski, C. Royon2. Modeling di�ra
tionSeveral theoreti
al approa
hes to 
al
ulate total 
ross se
tions in di�ra
-tion exist. However, modeling the hadroni
 �nal state of di�ra
tive pro
essesin detail is mu
h more 
ompli
ated 
ompared to non-di�ra
tive s
attering,be
ause the 
olor 
onne
tion of the produ
ed partons might in�uen
e on theprodu
tion of the rapidity gap or as in the 
ase of 
harm, the 
! D� fra
-tion might be di�erent 
ompared to the in
lusive 
ase, sin
e also 
�
 boundstates, like J= might be produ
ed. In addition multi-gluon emissions inthe QCD 
as
ade, initial and �nal state parton showers or 
olor dipole emis-sions, have to be modeled properly, sin
e they 
an easily a�e
t the hadroni
�nal state as well as the formation or destru
tion of the rapidity gap.2.1. ModelsThe following three approa
hes, appli
able to di�ra
tive s
attering in epand p�p pro
esses, are in
luded in full hadron level Monte Carlo programs:� The resolved Pomeron model (Fig. 5(a)) either based on the Ingelman�S
hlein ansatz with the additional assumption of Regge fa
torization(P -�ux), or in the more general formulation applying the fa
torizationtheorem of Collins.� The perturbative 2-gluon pi
ture [26℄ (Fig. 5(b)) either in its realiza-tion in the wave fun
tion approa
h, in the dipole model or in thekt-fa
torization approa
h.� The soft 
olor intera
tion model [22℄ (Fig. 5(
)) and its extension tothe generalized area law model.Please note, that we have 
hosen for pra
ti
al reasons short names to identifythe di�erent approa
hes.2.1.1. Resolved Pomeron modelThis approa
h has its origin in the Ingelman�S
hlein model, whi
h says,that di�ra
tion is mediated by the Pomeron P whi
h behaves like a parti
leand 
onsists of partons, whi
h 
an be des
ribed by parton density fun
-tions (pdf) evolved with the DGLAP evolution equations. Hard s
atteringpro
esses, like jet, or heavy quark produ
tion o

ur a

ording to the samehard s
attering matrix elements as known from standard ep and p�p s
atter-ing. In general, it is enough to de�ne di�ra
tive parton density fun
tionsfD(�; xP; t;Q2), without making any assumption about the Pomeron.
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tive pro
esses, indu
ed by s
attering of a (dire
t)photon, 
an be fa
torized into these di�ra
tive pdf's fD(�; xP; t;Q2) andhard s
attering 
oe�
ient fun
tions, as known from standard QCD pro-
esses: d� =Xi Z d�fD(�; xP; t;Q2)d�̂i ; (1)up to 
orre
tions that are power suppressed in Q, with � being the fra
tionalmomentum of the stru
k parton relative to the Pomeron, � = x=xP.Important is the statement, that the fa
torization theorem is valid onlyfor dire
t photon and leading Q2 
ontributions. Nothing is said about therelative size of the non-leading 
ontributions, and whether they are largeror smaller 
ompared to in
lusive pro
esses. This fa
torization theorem isexpe
ted not to be valid in the 
ase of p�p or resolved photon intera
tions.The di�ra
tive parton densities fD(�; xP; t;Q2) are determined by LOor NLO DGLAP �ts to the di�ra
tive stru
ture fun
tion FD(3)2 (�; xP;Q2).With NLO di�ra
tive parton densities also NLO order programs might beused for di�ra
tive dijet produ
tion as well as for di�ra
tive 
harm. How-ever, it is ne
essary to treat the Pomeron remnant properly, as the detailsa�e
t the formation of the rapidity gap, whi
h often forms the basis forthe 
al
ulation of xP (see Fig. 5). In the 
ase of 
harm produ
tion, addi-tionally one has to treat properly the formation of one or two D� mesonsand also of bound 
�
 states, whi
h are not 
overed by applying naively thefragmentation fun
tions.
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(a)  (b) (c)Fig. 5. S
hemati
 diagrams for di�ra
tive ep s
attering in the resolved Pomeronmodel (a), in the pQCD 2 gluon model (b) and in the SCI approa
h (
). In (a)a typi
al tree level O(�2s ) diagram is shown.
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hanski, C. Royon2.1.2. Two-gluon approa
hDi�ra
tive �nal states, whi
h 
onsist of hard jets or heavy quarks (with-out soft remnants) 
an be fully perturbatively 
al
ulated be
ause the hards
ale whi
h allows the use of pQCD is provided by the large transversemomenta of the jets, and the Pomeron ex
hange is modeled by the uninte-grated gluon density of the proton. Re
ently, full perturbative 
al
ulationswere done for ep ! e0 q�q p and ep ! e0 q�qg p, where q 
an be a light orheavy quark [26℄ (see Fig. 5). This approa
h provides a natural 
onne
tionto non-di�ra
tive s
attering as the same unintegrated gluon density is used,without any new parameters.These perturbative 
al
ulations have been implemented in the RapgapMonte Carlo generator, supplemented with �nal state parton showers andfull hadronization. Re
ently, also di�erent approa
hes to parameterize theunintegrated gluon density were published, whi
h are appli
able also to theregion kt ! 0. This region is important in the 
al
ulations, as the uninte-grated gluon density appears inside an integral over an internal loop.2.1.3. Soft 
olor intera
tion modelThe Soft Color Intera
tion model (SCI) and the generalized area lawmodel (GAL) were developed under the assumption that soft 
olor ex
hangesgive variations in the topology of the 
olor strings su
h that di�erent �nalstates 
ould emerge after hadronization, e.g. with and without rapidity gapsor leading protons. The same hard s
attering pro
esses as in non-di�ra
tives
attering are used, with the same non-di�ra
tive parton density fun
tions.In the SCI model an expli
it me
hanism is applied to ex
hange 
olor betweenthe emerging partons, in the GAL model 
olor is ex
hanged between thestrings. The probability for the soft 
olor ex
hange to happen, is a freeparameter whi
h has to be determined from experiment.The SCI and GAL models are su

essful in des
ribing FD(3)2 as well asdi�ra
tive jet produ
tion at the Tevatron [22℄.However, it has been argued [27℄, that using the standard DGLAP pdfsof the proton together with DGLAP parton showers to des
ribe di�ra
tionmight be problemati
. Espe
ially in the forward region of � � 3, whi
h isoften used to sele
t di�ra
tive events, and whi
h 
orresponds to xP � 0:05,the standard DGLAP approa
h already fails to des
ribe non-di�ra
tive pro-
esses, like forward jet produ
tion. Di�ra
tive s
attering 
ould be sensitiveto small x e�e
ts in the parton distribution fun
tions, as predi
ted by BFKLor CCFM.



The Di�ra
tive Intera
tions Working Group Summary 36572.2. What is new ?It is interesting to note, that all three approa
hes and models to des
ribeand understand di�ra
tive s
attering have been basi
ally presented alreadyin 1995, where the �rst detailed measurements of the di�ra
tive stru
turefun
tion FD(3)2 has been presented.Besides the measurements of ve
tor�meson produ
tion and FD2 [1, 4℄with the pdf �ts [3℄, new measurements of 
harm produ
tion have beenperformed [28℄ and 
ompared to predi
tions using di�ra
tive parton densi-ties.Now having new and more pre
ise measurements on 
harm and jets avail-able, tests of the fa
torization theorem 
an be performed as well as moredetailed investigations of the stru
ture of the di�ra
tive hadroni
 �nal state.The dis
repan
y in des
ription of dijet and 
harm is suggestive for me
ha-nisms of fa
torization breaking and deviations from the DGLAP pi
ture. Asdis
ussed below, the 2-gluon pi
ture 
ould provide an explanation of thesee�e
ts. However, one has to keep in mind, that the errors both on the dataand also on the di�ra
tive pdfs are still too large to draw �nal 
on
lusions.2.3. Fa
torization testsOne of the most important issues in di�ra
tion is the universality ofdi�ra
tive parton density fun
tions:� To whi
h extend is the fa
torization theorem in deep inelasti
 di�ra
-tion satis�ed? Is it similar to non-di�ra
tion or are there di�eren
es?� Are pdf's obtained in ep s
attering appli
able to p�p s
attering?To answer these questions, the di�ra
tive parton densities have to bedetermined pre
isely. Then these pdf's 
an be used in other pro
esses to
ompare predi
ted 
ross se
tions with the measured ones.2.3.1. Fa
torization tests at HERAThe di�ra
tive parton densities are used in the resolved Pomeron ap-proa
h to 
al
ulate in
lusive di�ra
tive 
ross se
tions as well as the 
rossse
tions for jet and 
harm produ
tion. For pra
ti
al reasons it is impor-tant to perform all 
al
ulations within the same framework and program,as di�erent extrapolations from the measured to the hadron or parton level
ross se
tion might introdu
e additional un
ertainties. Su
h extrapolations
an only be performed properly by the use of full hadron level Monte Carlogenerators, and di�erent approa
hes within the same framework help to es-timate the model un
ertainties.
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hanski, C. RoyonIn general the MC predi
tions obtained in the resolved Pomeron approa
hagree very well with the measurements, as shown in detail in [29℄. Using the(old) H1 �t2 as a parameterization of the di�ra
tive parton densities, di-jet produ
tion in di�ra
tive DIS [30℄ is well des
ribed, if resolved virtualphoton 
ontributions are in
luded to simulate the O(�2s ) (NLO) 
orre
tions.However, using the same parameter set (and the same Monte Carlo eventgenerator) the predi
ted 
ross se
tion for 
harm produ
tion [31℄ overshootsthe data. A new and pre
ise measurement of 
harm produ
tion in di�ra
-tive DIS, performed by ZEUS, has been presented at this 
onferen
e [28℄.Using the H1 �t2 the Monte Carlo predi
tions overshoot the data signi�-
antly, whereas with the new set of di�ra
tive pdf's, di�ra
tive 
harm pro-du
tion in deep inelasti
 s
attering is reasonably well des
ribed (Tab. III).TABLE IIIThe ratio RD� = �(data)=�(MC) for di�ra
tive 
harm produ
tion of H1 andZEUS [28℄ obtained from the H1 �t2 and the new H1 �t [3℄ presented at this
onferen
e. H1 �t2 New H1 �tH1 0:67� 0:15� 0:15 1:23� 0:27� 0:28ZEUS 0:63� 0:07+0:04�0:08 � 0:03 1:31� 0:12+0:08�0:16 � 0:05In Fig. 6 we show the 
omparison of the ZEUS di�ra
tive 
harm measure-ment with the predi
tions from the resolved Pomeron model using the oldand the new di�ra
tive pdf's obtained by H1 [2℄. However, applying the

Fig. 6. The 
ross se
tion of 
harm produ
tion in deep inelasti
 di�ra
tion as measu-red byZEUS [28℄ 
ompared to the predi
tion fromRapgap using the old and the newdi�ra
tive pdf's as obtained by H1 [2℄. Also shown is the predi
tion of the pertur-bative 2-gluon approa
h with the unintegrated gluon from the saturation model.
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tive pdf's to di�ra
tive dijet produ
tion, the predi
ted 
rossse
tion is smaller 
ompared to the H1 measurement [30℄. It is suggestivethat even with the new pdf set a di�eren
e is observed in the des
ription ofdi�ra
tive �nal state pro
esses.2.3.2. Fa
torization breaking at HERA?The di�eren
e in des
ription of di�ra
tive dijet and 
harm measure-ments within the resolved Pomeron approa
h might be a possible sign forfa
torization breaking, as the 
orresponding quantities are well des
ribedin non-di�ra
tive ep-s
attering. A possible me
hanism to explain fa
toriza-tion breaking between di�ra
tive 
harm and dijet produ
tion is providedby the perturbative 
al
ulation of 2 gluon ex
hange pro
esses: with a rea-sonable 
hoi
e of the unintegrated gluon density, both 
harm and dijetprodu
tion 
an be des
ribed using the same set of parameters. This be-
omes understandable sin
e so 
alled non-kt-ordered gluon emissions 
on-tribute di�erently to the dijet and 
harm sample. In the kinemati
 range ofthe analysis, the perturbative 2-gluon 
al
ulation [26℄ (as implemented inRapgap) yields mu
h more events having a gluon with transverse mo-mentum larger than those of the quarks: � 30% for di�ra
tive dijets and� 15�17% for di�ra
tive 
harm, 
ompared to 2�3% obtained in the resolvedPomeron mode, depending on the 
hoi
e of the fa
torization s
ale �2.The 
al
ulation has been previously 
ompared with the measurement ofdi�ra
tive dijet produ
tion, and reasonable agreement has been found in theregion of xP < 0:01, if the transverse momenta of all partons are required tobe larger than kt&1:5 GeV. Espe
ially the gluon in the q�qg pro
ess is foundto be hard, in 
ontrast to the expe
tation in the resolved Pomeron model,where this gluon should appear as a soft Pomeron remnant. As presented inthis workshop, the perturbative 
al
ulation has also been 
ompared with themeasurement of di�ra
tive 
harm produ
tion [26, 28℄. For both the H1 andZEUS measurement reasonable agreement has been found using the same
uto� of kt & 1:5 GeV for the gluon transverse momentum. A 
omparisonwith the new 
harm measurement of ZEUS is shown in Fig. 6.The above 
onsiderations show, that a detailed simulation of the hadroni
�nal state in di�ra
tion is inevitable when going beyond total 
ross se
tion
al
ulations.2.3.3. Fa
torization tests: HERA versus TevatronAs already mentioned, the measurement of di�ra
tive dijet produ
tionat the Tevatron 
ompared to the predi
tion using di�ra
tive pdf's obtainedfrom HERA 
an be used dire
tly to test the fa
torization hypothesis.
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hanski, C. RoyonCDF [16℄ has measured the measured di�ra
tive stru
ture fun
tion inthe kinemati
 region jtj < 1GeV2, 0:035 < � < 0:095, and Ejet1;2T > 7GeV.The 
omparison between the HERA extrapolation to the CDF kinemati
aldomain shows a dis
repan
y in normalization of a fa
tor 7 to 8 between bothexperiments, see Fig. 4. However, 
ontrary to previous results [16℄ based onold H1 di�ra
tive pdfs, the shape of both distributions seems to be quite
lose [3,16℄. It seems that these results 
ould be interpreted in term of a gapsurvival probability whi
h does not seems to be kinemati
ally dependent.However, the observation of non-fa
torization at p�p does not 
ome asa surprise as already in the proof of the fa
torization theorem it has beennoted that this only applies to dire
t photon intera
tions.2.3.4. Global �ts of HERA and Tevatron dataAn attempt to �t together HERA and Tevatron data has been performedin Ref. [32℄. It was found that it is impossible to �t both sets of datatogether even by letting free the normalization between both experiments.Unfortunately, this study has been performed using the old published 1994H1 di�ra
tive stru
ture fun
tion data, and it would be worth to redo itusing the preliminary 1997 data, sin
e they lead to di�erent quark and gluondensities in the Pomeron. A gluon density has also been extra
ted dire
tlyfrom CDF data and found to be more proton-like, with a softer value of theinter
ept, than the di�ra
tive gluon density at HERA [32℄.It is interesting to note, that in 
ontrast to single di�ra
tion mentionabove, the mass fra
tion measured in double di�ra
tive events by the CDF
ollaboration is 
ompatible with the HERA gluon density and not witha proton-like stru
ture fun
tion. It seems that double di�ra
tion at Tevatronis harder than single di�ra
tion. More data from Tevatron are needed to domore studies related to the dijet mass fra
tion, whi
h will happen very soonwith the start of Run II.3. Di�ra
tion and QCD theoryThere are several 
onne
tions with basi
 problems in QCD raised byexperimental and phenomenologi
al studies on di�ra
tion, but they are kindof subtle. Indeed, �hard di�ra
tion� being a superposition of a short spa
e-time intera
tion at weak 
oupling (at the hard 
�; dijet, Higgs, . . . vertex)with a typi
ally soft pro
ess at strong 
oupling (at the soft vertex withthe ingoing proton or antiproton), it is highly non trivial to formulate it infundamental terms. On the other side of the same 
oin, hard di�ra
tion mayrepresent a new route to theoreti
al progress in the interfa
e between softand hard QCD, and thus for a more 
omplete, and presently yet unknown,formulation of the theory.
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al aspe
t where di�ra
tion 
an tea
h us some-thing is the never-
easing dis
ussion on the physi
al relevan
e (or not) ofthe BFKL type of evolution equation. Indeed, di�ra
tive pro
esses representa good opportunity of so-
alled �one-s
ale� 
on�gurations, where the �BFKLlogs� are favored w.r.t. the usual DGLAP evolution. This is well illustratedin the study of ve
tor meson produ
tion. Deeply virtual Compton s
atteringadds a new aspe
t of the problem by the 
omparison of QCD dipole models(neighboring BFKL evolution) with Generalized pdf's (extending DGLAPevolution).3.1.1. Is BFKL �seen�? Ve
tor meson produ
tionDi�ra
tive ve
tor meson produ
tion at large momentum transfer t a
-
ompanied by proton disso
iation is a good laboratory for studying resum-mation of perturbative QCD e�e
ts in 
olor singlet ex
hange rea
tions. In-deed, this is a one-hard-s
ale pro
ess whi
h is expe
ted to be des
ribed bythe non-forward BFKL equations. However, the usual leading log 1=xBj � Yapproximation (Y is the rapidity gap interval), 
orresponding only to theleading �
onformal spin� n of the expansion of the BFKL equation's solu-tion, fails to reprodu
e the data. In [33℄, it is shown that the in
lusion ofthe whole n expansion gives a good des
ription of data, see Fig. 7, and alsoa reasonable one of spin density matrix elements. It is not 
lear, however,how the next-to-leading log xBj 
ontribution, whi
h is known to be large atleast at t = 0; would modify the 
on
lusions. An argument is that the sim-plest Feynman graph in Fig. 7, i.e. the 2-gluon ex
hange, in
ludes alreadyan all-n expansion. More work is deserved in this interesting dire
tion, in-
luding large t pro
esses at Tevatron. A puzzle to be solved is the value ofthe strong 
oupling 
onstant in the 
ross-se
tion pre-fa
tors, whi
h ought tobe non running for phenomenologi
al appli
ations, while 
ommon wisdomwould expe
t an improvement with usual running behavior.At smaller momentum transfer and in total 
�p ! V p 
ross se
tions,the hard s
ale is provided by Q2: In BFKL physi
s, the 
oupling to theproton is via the unintegrated gluon distribution, where tra
k is kept ofthe transverse momentum of the gluon. This �kT-fa
torization� propertyallows to relate the studied pro
esses to the proton stru
ture fun
tion inthe BFKL formalism. In [34℄, both non-perturbative and perturbative QCD
ontributions to the unintegrated gluon distribution have been 
onsidered,where soft and hard 
omponents are strongly separated. The 
omparisonwith 
ross-se
tions shows dis
repan
ies while ratios, e.g. �(�)=�(�) are inbetter shape. One remark is that progress on the various determinations,models and theoreti
al properties of unintegrated gluon distributions arehighly required in this �eld.



3662 H. Jung, R. Pes
hanski, C. Royon
t

x

γ

p

V

0.01

0.1

1

10

100

1000

0 2 4 6 8 10 12

dσ
/d

t (
nb

/G
eV

2 )

-t (GeV2)

ZEUS data
BFKL

Fig. 7. Feynman graphs and di�erential 
ross-se
tion for the pro
ess 
p ! �X atlarge t (from [33℄).3.1.2. Dipoles or generalized pdf's? 
� p! 
 pColor dipole models a

ommodate rather easily the des
ription of DVCS(
� p ! 
 p) pro
esses. In [35℄, for instan
e, two di�erent models forthe dipole�proton 
ross-se
tions, one with saturation in
luded (MFGS) andone without (FKS) give good predi
tions for DVCS data, see Fig. 8, basedon non-perturbative inputs for other pro
esses. On the other hand, theapproa
hes based on NLO QCD evolution equations [36℄, whi
h are moresolid on a theoreti
al point of view, seem however, to depend mu
h [12℄ onthe non-perturbative input for the same pro
ess, even if good 
andidateshave been found. On a theoreti
al ground, it will be worthwhile to under-stand better the 
onne
tions between the two approa
hes, the former being�s-
hannel� and the latter �t-
hannel� oriented. DVCS 
an then be a goodlaboratory for the mu
h dis
ussed 
omparison of �s-
hannel� and �t-
hannel�models. The 
omparison between elasti
 and inelasti
 di�ra
tion has been
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Fig. 8. The energy (at Q2 = 4:5GeV2) dependen
e and Q2-dependen
e (atW = 75GeV) of the photon level DVCS 
ross-se
tion, FKS (solid line) and MFGS(dashed line) (from [35℄).
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ated to be important for the validity of dipole models. A vari-ant of the model, motivated by generalized ve
tor dominan
e [37℄, is shownto lead to a spe
i�
 geometri
al s
aling predi
tion for elasti
 di�ra
tion anda good predi
tion for the longitudinal (high �) part of inelasti
 di�ra
tion,while the transverse photon polarization requires higher spin 
omponents ofthe hadroni
 states. More work disentangling the various versions of dipolemodels is 
ertainly deserved in the near future. Another type of dipole modelhas been advo
ated [38℄, whi
h relies on the introdu
tion of instantons todes
ribe the soft QCD regime of the dipole�proton di�ra
tive 
oupling. Allthis emphasizes the importan
e of a good understanding of the dipole�proton
ross-se
tion both in the perturbative and non-perturbative regimes.A relevant point for the dis
ussion is the amount of higher-twist withrespe
t of leading twist 
ontributions in di�ra
tive pro
esses. It is knownthat the �s-
hannel� naturally 
ontain larger higher-twist 
omponents than�t-
hannel� ones. Nu
lear shadowing has been suggested [36℄ to give exper-imental separation between these two options by looking to nu
lear gluonpdf's through the analysis of F2A=AF2N at very small xBj when possible.Note also [39℄ the interest of double spin asymmetries in di�ra
tive Q �Qprodu
tion. 3.2. Smaller-x: saturation, myth or reality?The question of saturation has been a major problem dis
ussed in the
onferen
e. For xBj ! 0; the growing number of gluons of �xed size 1=Qin the wave-fun
tion of the proton be
omes high enough that new multi-parton intera
tion o

urs. These e�e
ts modify the evolution equations bythe addition of non-linear terms and even may lead to a new phase of QCD.3.2.1. Has saturation already been seen at HERA?Despite the existen
e of an elegant and inspiring model of saturation [40℄,there is not yet any 
ompelling eviden
e of saturation in in
lusive stru
-ture fun
tion data. Hen
e it is of primary importan
e to look for model-independent investigations on saturation with less in
lusive data at HERA.This has been proposed in [41℄ using di�ra
tive � produ
tion 
ross-se
tionon a proton as a fun
tion of t: The method is to extra
t the S-matrix ele-ments S(xBj; rQ; b); where rQ is the mean dipole size probed by the � wave-fun
tion and b is the impa
t parameter of the rea
tion. Interestingly enough,see Fig. 9, perturbative saturation (likely to be rea
hed when the intera
-tion probability 1�S2 is large while 1=Q remains small) seems to be relevantat small b: This might be interpreted as a �rst experimental eviden
e forsaturation [41℄. Complementary 
on�rmation is highly deserved for this�rst experimental eviden
e for saturation at small b at HERA. The linear
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rQ=0.16 fm   (Q2=7.0 GeV2)

1-S2=0%
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1-S2=50%

1-S2=100% : unitarity limitFig. 9. S-matrix as a fun
tion of the impa
t parameter for xBj�5�10�4 and Q2=0:45; 3:5; 7GeV2 (from [41℄). The width of the bands represents the un
ertaintydue to the la
k of experimental data for t>0:6GeV2. It is obtained by extrapolatingthe 
ross se
tion with fun
tions of t with behavior between t�3 and e��t.DGLAP evolution equations are known to work well for in
lusive stru
turefun
tion data. The saturation models in
orporating non-linear 
ontribu-tions have thus to mat
h this 
onstraint. This uneasy problem has foundin the 
onferen
e two developments. The original saturation model [40℄has been modi�ed to take into a

ount the linear evolution at small dipolesize [42℄. It indeed leads to a better des
ription of F2 � x��(Q2)Bj ; see [43℄.Another proposal [44℄ is to mat
h the linear and the non-linear behavior onthe saturation 
riti
al line Q = QS(xBj). However, these proposals lead tomodi�
ations of the simple stru
ture of the original model, e.g. the geomet-ri
al s
aling behavior [44℄, whi
h have to be 
on�rmed/disproved by furtherphenomenologi
al and theoreti
al investigations.3.2.2. The 
olor glass 
ondensate: a new QCD phase?As we have seen, the evolution of the gluon distribution in a proton whenxBj ! 0 is expe
ted to lead to an over-density in the geometri
al phase spa
eof the proton, see Fig. 10. The question arises then how to des
ribe the new
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Fig. 10. Saturation at small xBj and the �
olor glass 
ondensate� (from [45℄).Arrows s
hemati
ally des
ribe the 
lassi
al QCD �elds.state with high density and weak 
oupling in QCD. A proposal has re
eivedthe name �
olor glass 
ondensate� [45℄. The main idea is to 
onsider thatthe abundan
e of gluons legitimates a 
lassi
al 
olored �eld approximation(see Fig. 10). For ea
h density in
rement due to the evolution to smallerx; new gluoni
 states are generated in the ba
kground of the 
lassi
al �eld
on�guration. This gives rise to a non-linear evolution equation whi
h 
anbe interpreted as a high-density modi�
ation of the linear BFKL equation.The density in
rement is attributed either to an in
rease of nu
lear size(i.e. a 
hange of initial 
onditions) or to evolution towards small xBj (i.e.a 
hange in the quantum evolution). This stru
ture re
ently led to manyappli
ations su
h like geometri
al s
aling, saturation in hadron�hadron andheavy ion 
ollisions, et
.It would be interesting to disentangle, either theoreti
ally or phenomeno-logi
ally, the a
tual quantum evolution aspe
ts from those 
oming from ini-tial 
onditions. Another pending question is the relation, whi
h has beenre
ently advo
ated [45℄ (but also 
riti
ized [46℄), between saturation and theFroissart bound. The Froissart bound 
omes from unitarity, analyti
ity andthe existen
e of a �mass gap� in the theory, namely between zero and thepion as the lowest mass state. This last requirement, related to 
on�nement,is not apparent in the saturation pi
ture.3.3. Smallest-x: the �Regge� mystery in QCDSin
e a long time �Regge behavior� has been a great 
hallenge for ourunderstanding of high energy rea
tions. It mainly 
onsists of 2 ! 2 par-ti
le amplitudes behaving as Ael � e�P(t) Y for va
uum ex
hange rea
tions(also named Pomeron) and Ainel � e�R(t) Y for various non va
uum quan-tum number ex
hanges (also named Reggeons). For soft hadroni
 rea
tions,



3666 H. Jung, R. Pes
hanski, C. Royonthe �Regge traje
tories� �P;R(t) � �P;R(0) + �0P;R t are thus found to bephenomenologi
ally linear, with universal inter
epts �P;R(0) and slopes �0P;Rfor a given set of ex
hanged quantum numbers. Sin
e long, there are at-tempts to derive the Regge behavior from resummation of the perturbativeQCD expansion at large Y; while, re
ently, new tools for non-perturbativeQCD estimates have been experien
ed. Note that the �Regge behavior�has be
ome even more mysterious by the experimental eviden
e for theQ2 dependen
e of e�e
tive inter
epts and slopes for hard 2 ! 2 pro
esses,su
h as 
� p 
ross-se
tions.3.3.1. The origin of �Regge behavior� in pQCDOn the pQCD side of the question, the 
hallenge is to sum Feynmandiagrams 
ontributing to the large Y behavior of amplitudes. Generalizingthose of Fig. 7, with 2 gluon up-rights 
orresponding to the BFKL equation,one needs to resume those of Fig. 11 with N gluon up-rights (and gluonrungs 
onne
ting any two of them), whi
h is a formidable task. In fa
t, asolution for inter
epts has only now been found [47℄ and reported at the 
on-feren
e. The mathemati
al breakthrough was the re
ent formulation of theproblem as an integrable quantum spin 
hain with N sites and ground en-ergies "N : However, from �integrable� to �integrated� required a lot of work.As a result, one obtains a series of inter
epts �N (0) � g2N
4� "N whi
h, foran even number of gluon up-rights (see Fig. 11), 
ontribute to the Pomeronse
tor, while for an odd number of gluon up-rights, 
ontribute to the elusiveOdderon whi
h has not been yet found experimentally. Interestingly enough,all Pomeron inter
epts are greater than 1 (growing 
ontributions to total
ross-se
tions), while all Odderon ones are less than 1: Note, however, an-other solution [48℄ with Odderon inter
epts equal to one. These theoreti
alinvestigations should lead to a deeper understanding of the 
onne
tion of theRegge behavior with QCD. For instan
e the 
ouplings of external sour
es,and the dependen
e on the hard s
ale (whi
h is �xed in a
tual 
al
ulations)
A

N....31 2
B

+
+

+

+

+

+

+

–0.5

0

0.5

1

1.5

2

2.5

3

-E_N/4

2 3 4 5 6 7 8
NFig. 11. Feynman graphs and dependen
e of the inter
ept "N , on the number ofgluon ladder up-rights N (from [47℄).
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tive Intera
tions Working Group Summary 3667are both problems to be addressed soon. Summing non planar diagramswhi
h are known to 
ontribute is yet another deep 
hallenge.
1

1’ 2’
2

4

4’ 3’

3

x y

t

a
a

L

θ

t

x

y

Fig. 12. Boundaries of Minimal surfa
es for Reggeon and Pomeron amplitudes(from [49℄).3.3.2. The origin of �Regge behavior� in non-pQCDEven a more formidable 
hallenge is the origin of the Regge behavior inrea
tions where it has been displayed by data, i.e. soft rea
tions 
orrespond-ing to the unknown strong 
oupling regime of QCD. While phenomenologi
alwork may still be needed [50℄, new tools of handling non perturbative 
al-
ulations for strongly 
oupled gauge theories have been investigated. Usingthe new duality properties relating strongly 
oupled gauge theories to weakly
oupled string theories in a non-�at ba
kground spa
e 
alled AdS/CFT dual-ity, the Pomeron and Reggeon amplitudes have been related [49℄ to a parti
-ular geometri
al problem: �nding minimal surfa
es 
orresponding to spe
i�
boundary 
onditions, see Fig. 12. In this framework, �Reggeization�, i.e. lin-early rising Regge traje
tories, is related to the string ba
kground metri
sin mu
h the same way as 
on�nement is related to the Wilson loop area law.The obtained values of Pomeron and Reggeon inter
epts and slopes arein the 
orre
t range, but some approximations in the 
al
ulation have to beimproved to get more pre
ise results. The 
onne
tion of AdS/CFT dualitywith quantum �eld theory features (su
h as instantons, solitons) is highlydesirable, the most di�
ult problem being the identi�
ation of the super-gravity dual of QCD in a generalized AdS/CFT 
orresponden
e. Despitethese di�
ulties, this new approa
h appears quite promising.This paper is dedi
ated to the memory of Bo Andersson, who died un-expe
tedly from a heart atta
k on Mar
h 4th, 2002. We all have learned somu
h from him.We want to thank the organizers for this ni
e and well prepared work-shop and also all the parti
ipants of our working group sessions for their
ontributions and the lively dis
ussions.



3668 H. Jung, R. Pes
hanski, C. RoyonREFERENCES[1℄ P. Lay
o
k, A
ta Phys. Pol. B33, 3413 (2002), these pro
eedings and refer-en
es therein.[2℄ F. P. S
hilling, 2002, private 
ommuni
ation.[3℄ F. P. S
hilling, A
ta Phys. Pol. B33, 3419 (2002), these pro
eedings andreferen
es therein.[4℄ M. Capua, A
ta Phys. Pol. B33, 3407 (2002), these pro
eedings and referen
estherein.[5℄ K. Borras, A
ta Phys. Pol. B33, 3219 (2002), these pro
eedings and referen
estherein.[6℄ A. Levy, A
ta Phys. Pol. B33, 3547 (2002), these pro
eedings and referen
estherein.[7℄ K. Klimek, A
ta Phys. Pol. B33, 3541 (2002), these pro
eedings and referen
estherein.[8℄ X. Janssen, A
ta Phys. Pol. B33, 3529 (2002), these pro
eedings and refer-en
es therein.[9℄ D. Brown, A
ta Phys. Pol. B33, 3535 (2002), these pro
eedings and referen
estherein.[10℄ A. Airapetian, A
ta Phys. Pol. B33, 3639 (2002), these pro
eedings and ref-eren
es therein.[11℄ R. Stamen, A
ta Phys. Pol. B33, 3555 (2002), these pro
eedings and refer-en
es therein.[12℄ A. Freund, A
ta Phys. Pol. B33, 3561 (2002), these pro
eedings and referen
estherein.[13℄ T. Berndt, A
ta Phys. Pol. B33, 3499 (2002), these pro
eedings and referen
estherein.[14℄ R. Heremans, A
ta Phys. Pol. B33, 3225 (2002), these pro
eedings and refer-en
es therein.[15℄ V. �imák, A
ta Phys. Pol. B33, 3461 (2002), these pro
eedings and referen
estherein.[16℄ K. Terashi, A
ta Phys. Pol.B33, 3413 (2002), these pro
eedings and referen
estherein.[17℄ DØ Collaboration, Proposal for a Forward Proton Dete
tor at DØ FermilabPAC, 1997.[18℄ K. Goulianos, A
ta Phys. Pol. B33, 3467 (2002), these pro
eedings and refer-en
es therein.[19℄ A. De Roe
k, C. Royon, A
ta Phys. Pol. B33, 3491 (2002), these pro
eedingsand referen
es therein.[20℄ A. Martin, A
ta Phys. Pol. B33, 3473 (2002), these pro
eedings and referen
estherein.



The Di�ra
tive Intera
tions Working Group Summary 3669[21℄ M. Boonekamp, A
ta Phys. Pol. B33, 3485 (2002), these pro
eedings andreferen
es therein.[22℄ N. Timneanu, R. Engberg, G. Ingelman, A
ta Phys. Pol. B33, 3479 (2002),these pro
eedings and referen
es therein.[23℄ A. Bialas, A
ta Phys. Pol. B33, 3523 (2002), these pro
eedings and referen
estherein.[24℄ P. Newman, A
ta Phys. Pol. B33, 3585 (2002), these pro
eedings and refer-en
es therein.[25℄ A. Caldwell, A
ta Phys. Pol. B33, 3599 (2002), these pro
eedings and refer-en
es therein.[26℄ A. Kyrieleis, A
ta Phys. Pol. B33, 3505 (2002), these pro
eedings and refer-en
es therein.[27℄ L. Lönnblad, A
ta Phys. Pol. B33, 3171 (2002), these pro
eedings and refer-en
es therein.[28℄ N. Vlasov, A
ta Phys. Pol. B33, 3207 (2002), these pro
eedings and referen
estherein.[29℄ P. Thompson, A
ta Phys. Pol. B33, 3213 (2002), these pro
eedings and ref-eren
es therein.[30℄ C. Adlo� et al., Eur. Phys. J. C20, 29 (2001).[31℄ C. Adlo� et al., Phys. Lett. B520, 191 (2001).[32℄ L. S
hoe�el, A
ta Phys. Pol. B33, 3425 (2002), these pro
eedings and refer-en
es therein.[33℄ R. Engberg, A
ta Phys. Pol. B33, 3511 (2002), these pro
eedings and refer-en
es therein.[34℄ I. Ivanov, N. Nikolaev, A
ta Phys. Pol. B33, 3517 (2002), these pro
eedingsand referen
es therein.[35℄ R. Sandapen, A
ta Phys. Pol. B33, 3567 (2002), these pro
eedings and refer-en
es therein.[36℄ M. M
Dermott, A
ta Phys. Pol. B33, 3609 (2002), these pro
eedings andreferen
es therein.[37℄ D. S
hildkne
ht, A
ta Phys. Pol. B33, 3431 (2002), these pro
eedings andreferen
es therein.[38℄ F. S
hrempp, A. Utermann, A
ta Phys. Pol. B33, 3633 (2002), these pro
eed-ings and referen
es therein.[39℄ S. Goloskokov, A
ta Phys. Pol. B33, 3579 (2002), these pro
eedings and ref-eren
es therein.[40℄ K. Gole
-Biernat, A
ta Phys. Pol. B33, 2771 (2002), these pro
eedings andreferen
es therein.[41℄ S. Munier, A
ta Phys. Pol. B33, 3573 (2002), these pro
eedings and referen
estherein.[42℄ J. Bartels, K. Gole
-Biernat, H. Kowalski, A
ta Phys. Pol. B33, 2853 (2002),these pro
eedings and referen
es therein.



3670 H. Jung, R. Pes
hanski, C. Royon[43℄ V. Chekelian, A. Cooper-Sakar, R. Thorne, A
ta Phys. Pol. B33, 3075 (2002),these pro
eedings and referen
es therein.[44℄ J. Kwie
i«ski, A. Sta±to, A
ta Phys. Pol. B33, 3439 (2002), these pro
eedingsand referen
es therein.[45℄ L. M
Lerran, A
ta Phys. Pol. B33, 2859 (2002), these pro
eedings and refer-en
es therein.[46℄ A. Kovner, U.A. Wiedemann, hep-ph/0207335.[47℄ J. Kotanski, A
ta Phys. Pol. B33, 3621 (2002), these pro
eedings and refer-en
es therein.[48℄ H. de Vega, L.N. Lipatov, hep-ph/0204245.[49℄ R. Janik, A
ta Phys. Pol. B33, 3615 (2002), these pro
eedings and referen
estherein.[50℄ A. Vinnikov, A
ta Phys. Pol. B33, 3627 (2002), these pro
eedings and refer-en
es therein.


