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h(Re
eived August 19, 2002)We review re
ent high energy QCD data and phenomenologi
al de-velopments on small-x and BFKL like e�e
ts. Data of ep, e+e� and pp
olliders are dis
ussed, and prospe
ts for future 
olliders are given.PACS numbers: 13.60.Hb, 13.65.+i, 13.85.Hd1. High energy QCDIn this 
ontribution we will study strong intera
tions at large partoni

enter of mass (CMS) energy s and momentum transfer t su
h that s� jtj.This is the domain of small x and the region where we 
ould expe
t BFKLtheory to be appli
able.In this paper we report on progress of measurements whi
h study theparton evolution in the `parton ladder' as depi
ted for an ep 
ollision inFig. 1. This is often also 
alled the study of the hard or the perturbativeor BFKL pomeron. We will examine footprints for su
h BFKL signals. Thesignals studied are:� Stru
ture fun
tions.� Forward jet measurements in ep.� Forward high pT parti
le measurements in ep.� Dijets in pp.� Hard 
olor singlet ex
hange in pp and ep.� Double tagged events in ee.� Plenary presentation at the X International Workshop on Deep Inelasti
 S
attering(DIS2002) Cra
ow, Poland, 30 April�4 May, 2002.(2749)
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k� Ve
tor Meson produ
tion in ep and ee.� New ideas on small x measurements.� A few 
ommon 
hallenges in ee, ep and pp data.� Instantons sear
hes.
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pFig. 1. Ladder diagram for multi-gluon emission in low-x ep 
ollisions.We will report both on present and possible future low-x data for thesedi�erent intera
tions, shown in Fig. 2. The present data 
onsists of resultsfrom HERA (ep;ps = 320 GeV), Tevatron (pp;ps = 1800 GeV) and LEP(e+e�;ps = 90�210 GeV). The �rst two 
olliders have terminated run I afew years ago and now start run II in order to 
olle
t 10 times and 100 timesmore data respe
tively. LEP has 
on
luded its data taking in the year 2000.Future data will in
lude data from the LHC (pp;ps = 14 TeV, startupexpe
ted in 2007), and possible that of a linear 
ollider LC (ep;ps = 500�1000 GeV and 

;ps = 400�800 GeV) and a 
ollider su
h as THERA(ep;ps = 1 TeV).
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h of pro
esses for small-x signatures in high energy 
ollisions in ep, pp(or pp) and e+e� 
ollisions. 2. Parton evolutionBasi
ally, there are three di�erent parton evolution equations at ourdisposal: the DGLAP (Dokshitzer, Gribov, Lipatov, Altarelli, Parisi) [1℄,BFKL (Balitski, Fadin, Kuraev, Lipatov) [2℄ and CCFM (Catani, Ciafaloni,Fiorani, Mar
hesini) [3℄ equations.The DGLAP equations resum �s lnQ2 terms. This implies a strongordering of the parton kT in the ladder, and predi
ts the Q2 evolution ofparton distributions, i.e. on
e a parton distribution is given at any s
ale Q20it 
an be predi
ted at any other Q2 value.The BFKL equation resums �s ln 1=x terms. It implies strong orderingin x but no ordering of the parton kT in the ladder whi
h follows in fa
t adi�usion pattern. These equations are expe
ted to ultimately des
ribe thelow-x behaviour of pro
esses.The CCFM equation interpolates between DGLAP and the BFKL limits,and is based on angular ordering and 
olour 
oheren
e. In the appropriatelimits it will produ
e the DGLAP and BFKL approximation.In the 
ase of DGLAP 
ollinear fa
torisation and for BFKL/CCFM kTfa
torisation 
an be used to 
al
ulate 
ross se
tions of pro
esses. The partondistributions to be used in the latter 
ase are the so 
alled unintegrated ones:f(x; k2T; Q2).The DGLAP equation is well know and studied sin
e quite some time.The study of the BFKL equation began in earnest just before and duringthe HERA data taking. In LO it predi
ts a power in
rease of the 
rossse
tion �BFKL � s� � (1=x)� with � = 0:5 for �s = 0:2. In 1998, afteran heroi
 e�ort, the NLO 
orre
tions to the kernel were �nalised [4℄. These
orre
tions turned out to be very large and may turn � zero or even negative.
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kSin
e then the e�e
ts of higher orders have been studied for measurablepro
esses. A phenomenologi
al determination of the e�e
tive � via analysesof subleading terms or studying the stru
ture of the divergen
es [5℄ (e.g.
onsisten
y 
onstraints, e�e
tive �s, 
ollinear resumation, order-by-order
onsisten
y of the lnQ2 terms, res
aling Y , dipole 
as
ades et
.) lead tothe observation that the `NLO' value of � seems to 
onverge to a range of0.15�0.3. Complete NLO 
al
ulations for measurable pro
esses are also inpreparation, e.g. [6℄.Several tools exist to 
onfront predi
tions with experimental low-x data.For BFKL studies we have:� BFKL Monte Carlo program [7, 8℄.� Monte Carlo programs without kT ordering (CDM : : : not truly BFKL).� HERWIG and PYTHIA versions with BFKL for spe
i�
 pro
esses.� BFKL analyti
al and numeri
al 
al
ulations (many : : :).For CCFM predi
tions we have:� The CASCADE Monte Carlo program [9℄. This in
ludes a CCFMba
kward evolution, has been �tted to the F2 data to �x the parame-ters, and �nal state results 
an be predi
ted without further tuning.� The LDC Monte Carlo [11℄.� The SMALLx program [10℄.� CCFM analyti
al and numeri
al 
al
ulations (many : : :).DGLAP predi
tions are provided by various Monte Carlo programs.3. Stru
ture fun
tionsThe �rst DIS workshop in 1993 in Durham also marked the release of� and debate on � the �rst low-x data. During that workshop the �rstF2 measurements from HERA were shown, rea
hing x values down to afew times 10�4, whi
h showed a strong rise of F2 with de
reasing x. Thisobservation was at �rst sight not in
ompatible with the LO BFKL powergiven above. The rise of F2 at small x has been 
on�rmed ever sin
e withmu
h more data and an improvement in pre
ision of a fa
tor 10.However, it was soon realised that leading twist NLO DGLAP equationsare perfe
tly able to des
ribe the data down to x values of a few times10�5. Where are the expe
ted large 1=x logarithms hiding? (Some re
ent
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ussion 
an be found in [12℄.) The DGLAP evolution was shown to berather robust and able to des
ribe the data, but perhaps at the expense ofhaving a rather unnatural behaviour of the resulting gluon distribution atsmall Q2 values, where it 
an be
ome negative. Su
h behaviour 
ould resultfrom higher twists 
ontributions to the data, or from a genuine breakdownof the theory, but it remains di�
ult to proof the latter. Any in
onsisten
ywith a measurement and analysis of FL in the HERA region 
ould shed lighton this matter, but it is doubtful that a pre
ise enough measurement 
an bemade at HERA within its anti
ipated lifetime, as presented in [13℄.Despite the su

ess of the DGLAP equations for the in
lusive observableF2, attempts to test uni�ed BFKL+DGLAP des
riptions of F2 also do agood job (see e.g. [14℄), if not better, but obviously makes the des
riptionmore 
ompli
ated. Re
ently R. Thorne showed that when in
luding low-xresumation a substantially better �t of the data 
an be obtained than witha pure DGLAP �t alone. The results of this analysis are shown in Fig. 3.Does the F2 data start to rea
h a pre
ision that will allow to dete
t thee�e
t of small-x terms? The present measurement errors are around 1�2%

0.5

0.75

1

1.25

1.5

1.75

2

2.25

2.5

2.75

3

1 10 10
2

10
3

F
2p (x

,Q
2 ) 

+
 c

on
st

an
t

Q2 (GeV 2)

x=7.8 10 -5 x=2.1 X10 -4

x=8 X10 -4

x=2 X 10 -3

x=5 X10 -3

x=1.3 X 10 -2

x=3.2 -2

x=8 10 -2

NLO fit

NLO fit (x  0.005)

small x resum. fit

H1 96/97+98/99

ZEUS 96/97

NMC

E665

>

X

X

10X

Fig. 3. Proton stru
ture fun
tion data as a fun
tion of Q2 at �xed x. Several �ts areshown, following the MRST pres
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know in a large region of the phase spa
e. Future HERA-II data will be ableto extend the region of pre
ise data further and perhaps even improve theoverall pre
ision. Hen
e there is some hope that future F2 measurementsmay be
ome one of the referees in the small x dis
ussion.4. Final states4.1. The �rst ideasBy 1995 it was already realized that F2 may be a too in
lusive observableto reveal the BFKL dynami
s. At the time the interest started to turn to�nal state variables. The underlying idea was to study the behaviour of thepartons in the `ladder' as shown in Fig. 1.Proposed variables at the time where� Forward jets in ep.� Forward energy �ow in ep.� Mueller�Navelet jets in pp.� Jet angular de-
orrelation in ep.The global energy �ows, although en
ouraging at �rst [16℄, �nally were
on
luded to be too dependent on the non-perturbative fragmentation phase,and have no longer been pursued. The initial BFKL e�e
ts on jet angularde-
orrelations were found to be below the expe
ted resolution, but thistopi
 has been re
ently revisited [17℄ in order to extra
t the unintegratedgluon distribution in the proton.Sin
e then a number of new ideas have been put forward su
h as themeasurement of forward parti
les, ve
tor meson produ
tion at large t, 
�
�s
attering, et
. 4.2. Forward jets in epThe idea [18℄ of this measurement is to 
hoose low-x events as shown inFig. 4 with a jet with xjet(= x1) � Ejet=Eproton to be large, i.e. around 0.1,and to 
hoose E2Tjet(= k2T1) � Q2. The latter 
ondition suppresses DGLAPevolution while the former sele
ts event with a large partoni
 ladder. Themeasurement exploits the strong kT ordering expe
ted in the DGLAP evo-lution to suppress this 
ontribution. These jets are kinemati
ally 
lose tothe forward proton dire
tion in the HERA lab frame, and hen
e labelled for-ward jets. Typi
al experimental 
uts sele
t jets with 7 to 10 degrees of anglew.r.t. the proton and ET values of 4�5 GeV [19,20℄. Fig. 4 and Fig. 5 showthe data 
ompared to 
al
ulations. Pure DGLAP based models generally
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Fig. 5. Forward jet data as fun
tion of Bjorken-x, 
ompared to Monte Carlo 
al
u-lations (left) and numeri
al 
al
ulations (right).underestimate the data. Pure LO BFKL 
al
ulations predi
t generally toosteep a rise. Improved BFKL 
al
ulations whi
h in
lude expli
it kinemati
e�e
ts (via Monte Carlo te
hniques [7℄) or so 
alled 
onsisten
y 
onstraints,whi
h in
lude a large (
al
ulable) part of the subleading e�e
ts [21℄ 
an
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kdes
ribe the data, see Fig. 4. However also DGLAP models with added re-solved photon 
ontributions 
an des
ribe the data equally well [22℄. Also theCASCADE Monte Carlo des
ribes well the H1 forward jet data, but slightlyworse the ZEUS data, as shown in Fig. 6.
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1 10Fig. 6. The 
ross se
tion for forward-jet produ
tion obtained from the Monte CarloCASCADE at hadron level (solid line); (a)�(
) The 
ross se
tion for forward-jetprodu
tion as a fun
tion of x, for di�erent 
uts in pT 
ompared to H1 data [19℄(a)�(b) and 
ompared to ZEUS data [20℄ (
); (d) The 
ross se
tion for forward-jetprodu
tion as a fun
tion of E2T=Q2 
ompared to [23℄.In all the 
on
lusion on the forward jets from HERA is not unambiguous.Possibly the length of the ladder a

essible at HERA is still to small. Thelate B. Andersson 
onjun
tured that the number of gluons emitted in theladder of Fig. 4 with a pT > 1:5 GeV is approximately ln(xjet=x)=2, i.e. 3 to4 gluons for x � 10�4. This is still far from the asymptoti
 region and therandom walk of the gluon emission is still strongly a�e
ted by momentum
onservation 
onstraints, redu
ing the BFKL e�e
t and dis
riminative powerwith respe
t to other explanations. To in
rease the rea
h HERA would needto be able to dete
t forward jets 
loser to the outgoing proton, whi
h isprohibited with the layout of present HERA experiments and intera
tionregion. Progress 
ould be expe
ted at THERA, where the rea
h in x 
ouldbe in
reased by an order of magnitude. Furthermore, if spe
ial attention tothe intera
tion region/instrumentation lay-out is made, one 
an expe
t [24℄
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hes, whi
h are presently su

essful in des
ribingthe data (BFKL, resolved photons, dipole 
as
ades) 
an be distinguished.Ideally forward jets with an angle down to 1 degree need to be tagged.4.3. Forward high pT parti
lesForward jets have the disadvantage of being fairly extended obje
ts, de-pend on jet �nding algorithms and are sensitive to the 
alorimetry hadroni
energy s
ales. A 
omplementary approa
h is to study forward high pT par-ti
les. Generally lower angles (i.e. longer ladders) 
an be rea
hed, and su
hanalyses have di�erent systemati
s. On the other hand fragmentation fun
-tions are needed to 
al
ulate the rates. H1 has published forward �0 data [25℄whi
h have been 
ompared with various models. The BFKL 
al
ulations in-
luding the 
onsisten
y 
onstraint [26℄ give a good des
ription of those data.The resolved photon approa
h was found to des
ribe the data less well. Onthis 
onferen
e H1 has released new measurements with larger statisti
s andpresented more di�erentially [27℄, e.g. studying the ET asso
iated with thetagged �0. Some of the results are shown in Fig. 7. The 
on
lusion is how-ever not yet 
lear: in some regions CASCADE performs better, in others theresolved photon approa
h is in better agreement. The failure of CASCADEin this measurement 
ould be due to the quark splitting fun
tions whi
h arepresently not yet taken into a

ount in this model.
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k4.4. Dijets in ppThe forward jets studied in ep 
ollisions have emerged from the originalidea of Mueller and Navelet [28℄, who suggested to study di-jets in pp (orin pra
ti
e at the Tevatron in pp) with a large rapidity di�eren
e, allowingfor a gluon ladder to develop between the two jets. The D0 
ollaborationhas analysed su
h events in terms of low-x phenomenology. The azimuthalangle de-
orrelations between jets have been studied as a fun
tion of the jetdistan
e in rapidity. The result was at �rst slightly dis
ouraging, showingthat both naive and somewhat improved BFKL 
al
ulations overestimatedthe de-
orrelation e�e
t. A �xed order QCD 
al
ulation on the other handunderestimated the e�e
t, but the general purpose Monte Carlo programHERWIG does a good job. HERWIG, whi
h 
ontains angular ordering inits QCD showers, 
ould of 
ourse just have that part of the BFKL e�e
tin
luded whi
h is most relevant for this de-
orrelation.Meanwhile it has been shown that improved BFKL 
al
ulations eitherby using the 
onsisten
y 
onstraint [29℄ or e�e
tive rapidity [30℄ 
an providealso a reasonably good des
ription of the pp dijet de-
orrelation data.To avoid the strong dependen
e on the steeply falling parton densitiesat small-x, it has been proposed [28, 31℄ to study the dijet 
ross se
tion at�xed xi, the fra
tional momenta of the partons in the proton, at di�erentCMS energies. In an analysis performed by D0 [32℄, jets have been sele
tedwith ET;i > 20 GeV and j�ij < 3 and 400 < (Q2 = ET;1ET;2) < 1000 GeV2.The 
ross se
tion ratio at �xed xi for two CMS energies has been measured:R = �(psa)�(psb) = exp (� (��a ���b))p��a=��b : (1)The result of the 
ross se
tion ratio at psa = 1:8 TeV and psb = 630 GeVis shown as a fun
tion of the average h��i for psb = 630 GeV in Fig. 8. Atlarge h��i the dijet 
ross se
tion in
reases almost by a fa
tor of 3 betweenthe two CMS energies. The strong in
rease leads to a large value for �namely: � = 0:65� 0:07. The exa
t LO pQCD 
al
ulation leads to a falling
ross se
tion. The LO BFKL 
al
ulation (labelled LLA in Fig. 8) predi
ts� = 0:45 for �s(20 GeV) = 0:17. A 
omplete NLO BFKL 
al
ulation isunfortunately not yet available. Surprisingly, the highest � = 0:6 is obtainedby HERWIG.However, it has re
ently been pointed out [30℄ that an interpretation ofthese results is ambiguous be
ause of di�eren
es in the de�nition of the 
rossse
tions between the D0 data and the original Mueller�Navelet proposal,related to the momentum fra
tions xi whi
h is based on the assumption of 2-body kinemati
s, and an upper bound on the momentum transfer Q2. Thesee�e
ts 
an only be negle
ted in the asymptoti
 limit i.e. at large s and large
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Fig. 8. Ratio of the D0 dijet 
ross se
tion at a CMS energy ps = 1800 GeV andps = 630 GeV for �� > 1 and �� > 2 as a fun
tion of the mean rapidity di�eren
eof the jets at ps = 630 GeV.��, whi
h is not yet rea
hed at Tevatron. Furthermore, the requirementof two jets with the same minimum ET is parti
ularly 
riti
al [33℄, sin
elarge logarithms, so 
alled Sudakov logs, whi
h not 
onne
ted with BFKLe�e
ts may mask any BFKL e�e
ts. Hen
e for a more 
lean BFKL test thismeasurement should be redone with asymmetri
 ET 
uts!A larger phase spa
e would also be 
ommendable. At the LHC theATLAS and CMS dete
tors will allow for su
h a measurement to be madeup to values of �� of 9 units and perhaps even beyond. Predi
tions for theLHC are shown at this 
onferen
e in [8℄.A further measurements to test BFKL in pp 
ollisions is the study of hard
olour singlet ex
hange events. These are events as depi
ted in Fig. 9(a),
onsisting of two hard jets separated by a rapidity gap. An analysis pre-sented in [34℄, and shown in Fig. 9(b) reveals that when a full Mueller�Tang
al
ulations is used, the multiple intera
tion 
orre
tions are undone and �sis kept �xed, the model des
ribes the D0 data very well. The predi
tions aremade with HERWIG, in
luding the above 
al
ulation. It should be notedthat the CDF [35℄ data do not agree with the D0 [36℄ data at large rapidity.It would be useful to sort this measurement out with the up
oming Teva-tron run-II data. A similar observation is reported in [37℄, based on BFKL+ 
onsisten
y 
onstraints and in
luding non-asymptoti
 e�e
ts in the rapid-ity variable de�nition, all in
luded in PYTHIA. Agreement with the D0 butwith not the CDF data is reported.Re
ently su
h measurements have also been made at HERA [38℄ butwere found to be in
on
lusive for BFKL 
laims at this stage.
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lusive hadroni
 
ross se
tion in 
�
� 
ollisionsWhen studying the total hadroni
 
ross se
tion 
�
� ! hadrons in e+e�
ollisions, the di�
ulties 
onne
ted with the hadroni
 and thus extendednature of in
oming parti
les 
an be avoided. The virtuality Q2 of the 
�
ontrols the transverse size / 1=pQ2 of the hard pro
esses. For Q2 � �2QCDa 
omplete perturbative 
al
ulation is possible. For small virtualities Q2i ofone of the virtual photons and for large CMS energies W of the 
�
� systemthe 
ross se
tion 
ontains large logarithms of the form:�
�
� / exp (� ln W 2pQ21Q22 ) = exp (� Y ):The 
ross se
tion �
�
� ! hadrons is often 
onsidered as a golden BFKLsignature. In LO a strong in
rease of �
�
� at high Y is expe
ted [39℄. NLO
orre
tions [40℄ however predi
t a mu
h more suppressed 
ross se
tion athigh Y .In a re
ent analysis [41℄, L3 has presented 
ross se
tions 
orre
ted forradiative e�e
ts using e+e� data at a CMS energy of psee = 189�209 GeV.The 
ross se
tion is measured in the kinemati
 region: 4 < Q2i < 44 GeV2,W > 5 GeV, ele
tron energy Ei > 40 GeV and the polar ele
tron angle30 < �i < 66 mrad and shown in Fig. 10. A �xed order 
al
ulation in LO aswell as in NLO [42℄ is able to des
ribe the data at low Y (Y < 5). However,at the largest Y (5 < Y < 7), the 
al
ulations are below the data by 3�4standard deviations.
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W [GeV]Fig. 10. (left) The energy dependen
e of the total 
ross se
tion for highly virtualphoton 
ollisions from the L3 and OPAL 
ollaborations, 
ompared with LO andBLM �xed s
ale NLO BFKL 
al
ulations. (right) Predi
tions for the 
ross se
tionfor e+e� intera
tions as fun
tion of CMS energy.OPAL [43℄ has analysed e+e� 
ollisions at CMS energies of psee =189�209 GeV. The measured 
ross se
tion �
�
� (for Ei > 0:4Eb, where Ebis the beam energy, 34 < �i < 55 mrad and W > 5 GeV) for an averageQ2 = 17:9 GeV2 is shown in Fig. 10 as a fun
tion of Y . While being ingeneral in agreement with the L3 data the eviden
e for BFKL e�e
ts issmaller in those data.To establish small-x e�e
ts in 
�
� 
ollisions unambiguously, an ee 
ol-lider su
h as TESLA will be needed. In [44℄ it was shown that BFKL 
al-
ulations whi
h in
lude the 
onsisten
y 
onstraint � and are in agreementwith the LEP data � predi
t in the TESLA regime 1000 events/year for theBorn pro
ess and 2600 events if BFKL is added to the signal. Predi
tions areshown in Fig. 10. Hen
e despite the suppression of the 
ross se
tion due tosubleading terms this e�e
t will be still a large and perfe
tly measurable. Itneeds however ele
tron taggers whi
h go down to about 30 mrad to observeand measure the s
attered ele
trons.4.6. Ve
tor meson produ
tionFollowing the same idea as the for virtual photon s
attering in e+e� otherpro
esses with point-like sour
es 
an be obtained via ve
tor meson s
atteringin 

 or 
p intera
tions by involving either heavy ve
tor mesons or s
atteringat large jtj values. H1 has studied the di�ra
tive rea
tion 
p ! J= + Y
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kin the 
ontext of BFKL [45℄. Predi
tions have been made [46℄ and 
an be
ompared to data. The 
al
ulations are found to agree well with the data,as shown in Fig. 11.
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Fig. 11. The photon�proton di�erential 
ross se
tion �(
p ! J= X) for J= pro-du
tion with proton disso
iation in the kinemati
 range Q2 < 1:0 GeV2 for twodi�erent intervals of t, 
ompared with BFKL 
al
ulations (with �s = 0.221). (right)The photon�proton di�erential 
ross-se
tion d�=djtj for 50 < W
p < 160 GeV 
om-pared with the BFKL 
al
ulation.In [47℄ a 
omparison is made of ZEUS ve
tor meson data 
p! VM +Xat large jtj. The jtj dependen
e is 
ompared with pQCD 
al
ulations (fewparameter �ts) namely BFKL predi
tions and a two-gluon 
al
ulation. It
learly shows that the BFKL 
al
ulation des
ribes the data very well, whilethe two-gluon 
al
ulation fails, see Fig. 12.

1 2 3 4 5 6 7 8
|t|    [GeV2]

10
−1

10
0

10
1

10
2

10
3

dσ
/d

t  
  [

nb
/G

eV
2 ]

(c)

Fig. 12. Comparison of BFKL (solid line) and two-gluon (dotted line) 
al
ulationswith ZEUS data for � meson produ
tion.
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tor meson produ
tion is also a good tool to study low-x in two-photon 
ollisions. The diagram is presented in Fig. 13(left). At TESLA,with a CMS energy of 500 GeV, one expe
ts a few hundred events of thetype 

 ! J= J= per year. In [49℄ the 
ross se
tions in the presen
e ofBFKL are predi
ted, see Fig. 13(right). Also �� produ
tion at large t andQ2 would be a good 
hannel to study but there are no predi
tions yet.
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W [GeV]Fig. 13. (left) The pomeron ex
hange me
hanism of the pro
ess 

 ! J= J= .(right) Energy dependen
e of the 
ross se
tion for the pro
ess 

 ! J= J= .Upper 
urves are LO BFKL predi
tions while the two lower 
urves in
lude the
onsisten
y 
onstraint, both for two values of the 
ut-o�.Re
ently DELPHI [48℄ has reported the observation of the pro
ess 

 !J= +X and dedu
ed a 
ross se
tion �(J= ! ��) = 25:2�10:2 pb. Thereis however no 
han
e for a `BFKL' measurement with the LEP J= data.4.7. Review of the hadroni
 measurementsWe arrive at the following table for BFKL/CCFM measurements at thevarious 
olliders (Table I).Clearly in most 
ases the BFKL or CCFM 
al
ulations 
an des
ribe thedata (and at the same time pure DGLAP 
al
ulations fail), but often withdi�erent approximations or 
orre
tions to LO BFKL. Do we have a 
onsis-tent pi
ture and predi
tive power? Espe
ially the `
onsisten
y 
onstraint'approa
h seems to be su

essful for most of the data shown above. However
omplete NLO BFKL 
al
ulations for these variables are eagerly awaitedfor.
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k TABLE IMeasurements 
onfronted with BFKL/CCFM des
riptions, and alternative su
-
essful explanations.Pro
ess BFKL/CCFM Other/
ommentsForward jets in (ep) yes Resolved photons?Forward parti
les (ep) maybe Resolved photons?Azimuth jet de-
orrelation (pp) yes HERWIG also okR(di-jets,ps) (pp) ? ?Hard 
olor singlet (pp) yes (D0), ? (CDF) CDF & D0 data?Hard 
olor singlet (ep) yes enhan
ed 
 ex
h.
�
� s
attering yes e�e
t small at LEPVe
tor mesons at large t yes4.8. Future of low-x measurementsIt is imperative that a 
onsistent and systemati
 study of the availablemeasurements of low-x and related phenomena is performed. To that endthe good news is the start-up of the low-x Collaboration, whi
h resultedout of a workshop organised at Lund around this topi
. The 
ollaborationis open and everybody interested in this subje
t should join it. Its �rstmanifesto 
an be found on [50℄.Not all options and new ideas to dete
t BFKL e�e
ts in the already 
ol-le
ted or future data have been exhausted yet. The di�erent ordering in kTin the gluon ladder between DGLAP and BFKL will remain the importantsignal to hunt for. To this end it will most 
ertainly be required to looknot just at one but at the same time di�erent obje
ts (parti
les, jets) inthe ladder, and to their 
orrelations. Some of the possible new ideas, whi
hshould be explored further, in
lude� Parti
le or jet 
orrelations.� Number of jets with an ET above a given threshold.� Azimuthal 
orrelations in the ladder.� Long range parti
le 
orrelations in the ladder.� R(ET1=ET2) of jets for di�erent CMS energy.� pT 
ompensation e�e
ts in the ladder.
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tion in pp e.g. at the LHC.� : : : and hopefully more whi
h we have not thought of yet : : : .Furthermore it was observed in [51, 52℄ that some small x e�e
ts areenhan
ed in the s
attering of polarised beams. A polarised ep 
ollider wouldbe the ideal tool hereAn example of a new pro
ess is the forward produ
tion of b quarks at theLHC. The signal is given by the diagram gg ! bbbb while the ba
kgroundis gg ! bb. Fig. 14 shows the preliminary 
al
ulation [8℄, where 2 b's aredete
ted as fun
tion of a minimum rapidity value away from zero. The signalis 
al
ulated without in
luding possible BFKL e�e
ts. The CMS dete
torwill dete
t b-jets for a rapidity up to 2�2.5, the region where the bbbb signalstarts to dominate over the bb ba
kground. Hen
e BFKL studies in this
hannel 
an be performed at the LHC.
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minFig. 14. The produ
tion of two b quarks as fun
tion of their distan
e from theCMS 
enter, for the bbbb signal and bb ba
kground, without in
luding BFKL e�e
ts(whi
h would enlarge the bbbb signal).The produ
tion of b quarks turns out to be a
tually quite a 
hallengefor pQCD. While the produ
tion of 
harm quarks is generally well pre-di
ted by pQCD, b-quark produ
tion gives a heada
he! In all 
ases namelypp ! bX; ep ! bX and 

 ! bX the data is well above the predi
tions,typi
ally by a fa
tor 2 to 3. Have these dis
repan
ies a 
ommon origin? Arethese relevant to the understanding of low-x? Indeed CASCADE is able to
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kdes
ribe the Tevatron data and also redu
es the dis
repan
y with the HERAdata. It would be interesting to see how well it 
an predi
t the 2-photondata. Hen
e the `b-problem' 
an 
ertainly be relevant for low-x, but alsoother explanations are proposed to solve the issue, as dis
ussed in [53℄.5. Future 
ollidersIn the previous se
tion we already showed where future 
olliders 
an
ontribute to the spe
i�
 BFKL measurements.LHC will be the next new 
ollider and will allow to study in more detailthe low-x region in general [54�56℄. Fig. 15 shows the kinemati
 plane inx and Q2 whi
h 
an be probed by the LHC. The plot safely stops at aQ2min of 100 GeV2 whi
h 
ould be rea
hed with jets and photons in the
entral dete
tor. However new ideas are forming to have a better 
overagein rapidity, perhaps as far down as j�j = 7�8 and to rea
h lower mass s
ales,su
h that x values down to 10�6�10�7 
an be probed [56℄. This would bean ideal environment to study e.g. parton saturation e�e
ts.
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 plane (x;Q2) and the rea
h of the LHC, together with thatof the existing data (HERA, �xed target). Lines of 
onstant pseudo-rapidity areshown to indi
ate the kinemati
s of the produ
ed obje
ts in the LHC 
entre ofmass frame.Another intriguing option is to measure the total two-photon produ
tion
ross se
tion at higher energies. Presently the measurement made by L3 atLEP shows that this 
ross se
tion rises mu
h faster with 

 CMS energy than
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ross se
tions in this regime. A Donna
hie�Landsho�type of �t of the soft pomeron slope gives a value of � = 0:215 � 0:019
ompared to a value of � = 0:09�0.11 in measurements of hadron�hadron
ollisions. What is the origin of this large slope? If 
on�rmed by data fromother LEP experiments, this would be a very ex
iting observation. Whilewe have data now only up to ps

 = 175 GeV extending this measurementtowards higher energies would be very important. Su
h an opportunity 
anbe o�ered by the LHC [56, 57℄, if the low angle s
attered protons 
an bedete
ted, or better by a linear 
ollider and its photon-
ollider option [58℄.For the latter, possible measurements of the total 
ross se
tion up to ps

 =400�800 GeV 
ould be made.Finally I would like to mention instantons. The dis
overy and under-standing of instantons will be of prime importan
e for the study of thenon-perturbative QCD. So far these have been studied theoreti
ally and ex-perimentally only for ep 
ollisions, but there is no reason not to 
onsidere+e� and pp. While still no positive signal is reported, the H1 analysisstarts to ex
lude regions of parameter phase spa
e [59, 60℄. I would en
our-age our theory friends to make predi
tions for signals to hunt for instantonsat e+e� and pp 
olliders, espe
ially for the LHC.6. SummaryThe small-x data tells us that:� Wherever we look at purposely sele
ted regions or pro
esses we seedeviations from the DGLAP type of predi
tions. Clearly somethingmore is needed at small-x.� BFKL 
al
ulations 
an often a

ommodate for these e�e
ts e.g. for-ward jets and parti
les, ve
tor mesons, Tevatron data, and in 
�
�s
attering.� However often agreement with data is only rea
hed when using spe
ial
hoi
es using phenomenologi
al approa
hes to the subleading terms,�xed �s, et
. A 
omplete 
onsistent pi
ture is still somewhat la
king.Do we really have predi
tive power with these 
al
ulations for di�erentand new pro
esses?� What is 
learly needed at the end are 
omplete NLO 
al
ulations forexperimental variables, some of these 
al
ulations are in progress now.� The CASCADE/CCFM Monte Carlo works well. Is this the way to goto understand low-x? There is presently a debate between the LDCand CASCADE groups on how to in
lude non-singular terms, whi
ha�e
ts the predi
tions.
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k� The LHC will signi�
antly � and hopefully de
isively � open thephase spa
e. Also at linear 
olliders a number of key pro
esses 
an bestudied.In other words �To BFKL or not to BFKL�: I would say the jury is stillout.There are many other issues whi
h 
learly deserve attention in the grandstudy of ee; ep and pp 
ollisions:� What is wrong with the b-quark predi
tions in all hadroni
 
ollisions?� Does the 

 
ross se
tion rises faster than hadron�hadron 
ross se
-tion?� Instantons: there is still an important dis
overy opportunity for thisphenomenon, and it should be fully exploited also at ee and pp 
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