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eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaSTRUCTURE FUNCTIONS AND LOW XWORKING GROUP SUMMARYTHEORYANNA M. STA�STODESY, Theory GroupNotkestrasse 85, 22607 Hamburg, GermanyandInstitute of Nu
lear Physi
sul. Radzikowskiego 152, 31-342 Krak�ow, PolandE-mail: stasto�mail.desy.deThis is a summary of the a
tivities of the working group on Stru
ture fun
tionsand low x during the DIS 2004 workshop held in Strbskie Pleso, Slovakia.1 Introdu
tionMain topi
s dis
ussed within the theoreti
al part of this working group were: higherorder 
al
ulations (splitting fun
tions and impa
t fa
tor), NLLx BFKL evolutionand resummation at small x, latti
e 
al
ulations, dipole pi
ture, parton saturationin
luding nonlinear evolution and unintegrated parton distributions.2 Latti
e 
al
ulationsIn latti
e simulations a large e�ort has been devoted to the study of the systemat-i
s. The major sour
e of the un
ertainties are: non-perturbative renormalisation,quen
hing, approa
h to 
ontinuum limit, �nite volume e�e
ts and 
hiral extrapo-lation. Shindler has shown that in parti
ular �nite volume e�e
ts 
an a�e
t thematrix elements of the pion in a signi�
ant way even though in the 
al
ulation ofthe mass it does not seem to be the 
ase, see Fig. 1. It is however expe
ted thatfor the nu
leon one 
an expe
t very large �nite volume e�e
ts whi
h might e�e
tthe evaluation of its mass.3 Higher order 
al
ulations, NLL BFKL and resummationOne of the highlights of the DIS 2004 workshop was the full 
al
ulation of thesplitting fun
tions at NNLO presented by Vogt. The method of 
al
ulation employsthe opti
al theorem and operator produ
t expansion to 
al
ulate Mellin moments ofthe deep-inelasti
 stru
ture fun
tions. The �nal results have been 
he
ked to agreewith all known partial results in the large and small x limits. Also the exa
t resultsare well within the bounds of the previous approximate estimates of the NNLOsplitting fun
tions. Only in the non-singlet se
tor a new term with a leading smallx behaviour � ln4 x has been found whi
h was not predi
ted by the previous small
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Figure 1. Left: �nite size dependen
e of the pion mass for three values of the quark masses. Right:�nite size dependen
e of the twist-2 operator matrix element for three values of the quark masses(talk by Shindler).x resummations. The numeri
al di�eren
e between the NLO and NNLO resultsis not very large for moderate values of x � 10�3. Of 
ourse the importan
e ofthe small x terms is greater with de
reasing x. The 
onvolutions P 
 f whi
henter the evolution are found to be quite sensitive to all terms, even ones whi
h aresuppressed at small x.Apart from �xed order 
al
ulations 
onsiderable e�ort has been devoted toresummation of the small x terms in the gluon-gluon splitting fun
tion. Sin
e the
al
ulation of the BFKL equation at NLLx a

ura
y there were several attemptswhi
h aim to stabilise the series at low x. The 
ommon feature of these approa
hesis the fa
t that the resulting
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Working Group A Summary - Theory Part 3Pgg splitting fun
tion has a dip at moderately small values of x only laterfollowed by the power in
rease at de
reasing x, see Fig. 2. Salam has shown thatwithin the framework of the 
ollinearly improved small x equation this dip 
an beunderstood as a 
ompetition between a negative NLLx term � �3s ln 1=x and thepositive LLx one � �4s ln3 1=x. It is interesting that the re
ently 
al
ulated splittingfun
tion at NNLO order is 
ompatible with the resummed one down to the valuesof x 
hara
terising the dip. This 
an have some interesting impli
ations for HERA.Also some more phenomenologi
al tests of NLLx and resummation s
hemeshave been performed by Royon and 
ollaborators. The idea is to try to 
omparethe e�e
tive anomalous dimension measured from the HERA data together with theanomalous dimension resulting from evaluation of the NLLx or resummed kernel.First results show signi�
ant di�eren
es between various resummation s
hemes,though de�nite answer 
an be given only after a 
omplete �t to HERA data hasbeen performed.The study of the BFKL equation at NLLx level using an iterative solution to theBFKL equation has been presented by Sabio-Vera. The solution in
ludes running
oupling in the MS-bar s
heme and also allows to study the angular 
orrelations.The results show the expe
ted strong suppression of the NLLx inter
ept with respe
tto the LLx. Also the signi�
ant redu
tion of the s
ale dependen
e in the NLLx
ase is observed as ni
ely illustrated in Fig. 3. The iterative method has beenalso applied to the solution of the BFKL equation in the N = 4 supersymmetri
Yang-Mills theory.
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Figure 3. The gluon Green's fun
tion obtained from the iterative solution of the BFKL equationin the LLx and NLLx approximation. Bands show the renormalisation s
ale dependen
e in ea
hof the approximations (talk by Sabio-Vera).



4 Anna M. Sta�sto4 Other problems in low x physi
sAn analysis of the parton distributions down to very low values of Q2 has beenproposed by Kotikov by taking into a

ount higher twist 
ontributions. The initial
ondition for the leading twist part is taken to be 
at in x at some small value ofQ20 and is subsequently evolved a

ording to the standard DGLAP equation. Theadditional higher twist 
ontribution is put in, whi
h modi�es both initial 
onditionand the evolution itself. In this approa
h it is the higher twist 
ontribution whi
his responsible for the slow rise of the stru
ture fun
tion F2 at lowest values ofQ2 < 1 GeV2. The �t based on this model des
ribes the stru
ture fun
tion F2 datavery well down to lowest values of Q2 = 0:35 GeV2.One of the interesting problems presented in this workshop was the study ofBFKL Pomeron at �nite temperature T performed by Lipatov. Sin
e the adventof RHIC 
ollider there have been intense studies of possible quark-gluon plasmaformation. The 
urrent theoreti
al view is that after the quark-gluon plasma for-mation, the subsequent parton-parton s
attering leads to the thermalisation of theplasma whi
h after that 
ools down and hadronizes. One of the predi
tions of thistheory is the suppression of the 
on�ning quark-antiquark potential. An interestingquestion arises whether the Pomeron, whi
h 
an be viewed as a 
omposite obje
tof the reggeized gluons is a�e
ted by the presen
e of the medium. It turns outthat the the resulting equation possesses still the 
onformal symmetry despite thepresen
e of additional s
ale, temperature T . Also the inter
ept of the Pomeron isthe same as in the T = 0 
ase. Further studies 
an be performed like for examplenon-linear Balitsky-Kov
hegov equation in the non-zero temperature.The 
al
ulation of the photon-gluon impa
t fa
tor at NLLx is a very importantissue in the �eld of small x physi
s mainly be
ause of the two aspe
ts. First, sin
ethe 
al
ulation of the NLLx BFKL it is known that the subleading 
orre
tions inthe log 1=x hierar
hy are quite large, and so they 
an a�e
t the photon gluon impa
tfa
tor as well. Se
ondly, the widely used dipole pi
ture is formulated within theLLx a

ura
y, and so it is vital to know whether it 
an be extended to the NLLxlevel. A full 
al
ulation of the real and virtual 
orre
tions to the photon-gluonimpa
t fa
tor has been already performed [1℄, though the results are te
hni
allyvery 
omplex and the integration over the remaining phase spa
e has to be done.Kyrieleis presented �rst numeri
al results for the real 
orre
tions to the longitudinalvirtual photon-gluon impa
t fa
tor �L. In this analysis, the real part of �L hasbeen found negative and depends on the s
ale 
hoi
e. The photon-gluon impa
tfa
tor is also a ne
essary ingredient in the 
al
ulation of the 
�
� 
ross se
tion.The problem of testing purely perturbative BFKL Pomeron is a very non-trivialone. The two s
ale pro
esses in whi
h two hard probes have large virtualitiesand are separated by signi�
ant value of rapidity have been proposed as a bestkinemati
al setup for testing the BFKL dynami
s. In parti
ular the pro
ess of 
�
�s
attering has been regarded as a very 
lean test of the BFKL Pomeron ex
hange.However, as shown by phenomenologi
al analyses [2℄, at the energies of LEP the
ontribution from the reggeon ex
hanges 
an be still non-negligible. Lublinsky hasshown that this 
ontribution 
an be 
al
ulated within the perturbative QCD bysummation of the ladder diagrams in the leading logarithmi
 approximation. The
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ept 
al
ulated within this approa
h agrees well with the phenomenology andeven though this 
ontribution is formally subleading with respe
t to the Pomeronex
hange it is numeri
ally sizeable and has to be taken into a

ount when evaluatingthe 
�
� total 
ross se
tion.In the DIS pro
ess only one large s
ale is involved and one might worry aboutpotential soft 
ontribution. Bondarenko presented a framework in whi
h one takessoft Pomeron and the perturbative 
omponent in the 
ommon evolution equation.The soft 
omponent is estimated by summation of the ladder diagrams in whi
hthe gluon in the t-
hannel indu
es instanton transition between di�erent va
ua withsubsequent multi-gluon produ
tion in ea
h of the transition. The hard Pomeron isgiven by the BFKL kernel with running 
oupling. The e�e
tive Pomeron inter
eptwhi
h governs the energy dependen
e of the 
ross se
tion has 
ontributions whi
horiginate both from hard and soft pro
esses. What is interesting in this model isthat even at highest energies the soft 
ontribution plays an important role.5 SaturationThe study of parton saturation is a rapidly developing area of the small x physi
sand naturally it has attra
ted a lot of attention during the Workshop. The ba-si
 idea is that at very small x the density of gluons is so large that they startto re
ombine. This leads to the slow down of the growth of gluon density withenergy, and new evolution equations emerge whi
h 
ontain nonlinear terms. The
hara
teristi
 s
ale whi
h divides the dilute and dense regimes is 
alled saturations
ale Qs(Y ) and depends on energy (or rapidity ). The perturbative saturation isbelieved to help in the restoration of the unitarity bound, otherwise violated bythe solutions to the linear evolution equations. The Balitsky-Kov
hegov equation[3℄ is the nonlinear equation for the dipole-nu
leus s
attering amplitude and it hasre
ently attra
ted a lot of attention be
ause it 
an be relatively easily studied atleast numeri
ally and yet 
ontains the very nontrivial physi
s of parton saturation.Pes
hanski has shown that the Balitsky-Kov
hegov equation 
an be well approx-imated by the nonlinear di�usion equation known as FKPP (Fisher-Kolmogorov-Petrovsky-Pis
ounov). From the solutions of this equation it is known that it hastravelling wave solution at large values of rapidity Y . This property is equivalent tothe geometri
al s
aling property for the amplitude for the dipole-nu
leus s
attering.The mathemati
al knowledge of the FKPP equation enabled to 
al
ulate universalterms in the expansion in rapidity of the saturation s
ale Qs(Y ) as well as to getthe analyti
al expressions for the solution around the transition region to the sat-uration. Similar analysis has been also performed in the 
ase of running 
oupling.Analyti
al results from FKKP equation for the subleading terms in the expansionof the saturation s
ale have been 
on�rmed by the numeri
al analysis of the BKequation presented by Gole
. Naftali presented results on the numeri
al solutionof the BK equation with impa
t parameter dependen
e. Using the modi�
ation ofthe kernel by restri
ting the allowed dipole sizes to be smaller than a given s
aleR (of the order of the target size) one 
an get the pro�le whi
h is an exponentialfun
tion in impa
t parameter. The agreement with the Froissart bound in thatmodi�ed solution of the BK equation has also been demonstrated.



6 Anna M. Sta�stoIan
u dis
ussed the relation between the 
olor dipole approa
h and the 
olorglass 
ondensate formalism in the des
ription of high energy s
attering. He showedthat the s
attering of two non-saturated 
olor glasses in the 
enter-of-mass framegives the same result as obtained from onium-onium s
attering in the 
olor dipolepi
ture thus proving that these two approa
hes are equivalent within 
ertain kine-mati
al regime. This regime is spe
i�ed by the requirement that only multiple,in
oherent s
atterings are taken into a

ount between two systems, however with-out the a
tual saturation of the onium wave fun
tion itself. He also dis
ussed therole of 
u
tuations in the evaluation of the S-matrix in the high energy limit. Thisis re
ently very mu
h dis
ussed issue, see for example [4℄. This phenomenon was�rst observed in the Monte-Carlo simulations of onium-onium s
attering [5℄. Therethe eikonal approximation, that is the assumption that the one-Pomeron amplitudeis the same for ea
h event, was found to work rather badly as 
ompared with theexa
t result. As shown by Ian
u typi
al 
on�gurations would lead to the s
atteringmatrix SY whi
h is mu
h smaller than the one evaluated by taking into a

ountrare 
on�gurations. The deeper analysis shows that problem is even more 
ompli-
ated sin
e the 
lassi�
ation whether the 
on�guration is typi
al or rare 
an dependon the physi
al frame. Also Kozlov dis
ussed the similar problem by employing areggeon diagram te
hnique to 
al
ulate the set of enhan
ed diagrams whi
h are re-sponsible for the 
u
tuations. The issue of the 
u
tuations and the validity of theBK equation will 
ertainly be a subje
t intensive resear
h in the near future. A verypreliminary 
on
lusion from these studies would be that the unitarity 
orre
tions
an play quite a big role even if the a
tual value of the amplitude is small.Apart from 
u
tuations other topi
s 
onne
ted with the saturation have beendis
ussed. Lipatov studied the relation between the BFKL in the dipole pi
tureand in the usual momentum representation. He has shown that the two approa
hesare 
ompletely equivalent on
e the Pomeron Green's fun
tions in the 
on�gurationspa
e are rede�ned using the so 
alled M�obius representation. This representationis de�ned by appropriate 
hoi
e of the Green's fun
tions. Roughly speaking onehas 
ertain freedom in de�ning these fun
tions due to the presen
e of the M�obiusinvarian
e of the BFKL equation and additionally due to the fa
t that these fun
-tions 
ouple to impa
t fa
tors of 
olorless external probes. The pro
edure 
an bealso applied to the evolution equation whi
h sums the fan diagrams. This equation
an be written using the 2 ! 4 transition vertex for the reggeized gluons. Theequivalen
e of this equation to the BK equation has been demonstrated again, byusing the property of the M�obius representation for the Green's fun
tions and byrestri
tion to the large N
 limit. New equation has been derived whi
h goes beyondthis approximation and takes into a

ount the four-gluon Green's fun
tion.Kov
hegov dis
ussed the equation for the odderon in the dipole pi
ture. TheOdderon is the 
ounterpart of the Pomeron in the 
ase of the 3 gluon ex
hange.The Bartels-Kwie
i�nski-Prasza low
z equation [6℄ gives the C-odd amplitude - theOdderon. It turns out that in the dipole pi
ture the Odderon is des
ribed by thesame equation as the Pomeron, the di�eren
e being in the initial 
onditions whi
hhave to be asymmetri
 with respe
t to the dipole 
oordinate ex
hange. In otherwords the initial 
onditions single out either Pomeron or Odderon depending ontheir C-parity. The solution of the Odderon equation in the dipole pi
ture is found
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oin
ide with the one found by Bartels-Lipatov and Va

a [7℄ that is �Odd�1 = 0- the Odderon amplitude is 
onstant as a fun
tion of energy. Kov
hegov also showedhow to in
lude saturation 
orre
tions for the Odderon and get the 
orrespondingnonlinear evolution equation. The exa
t solution to this equation is not known,however sin
e the additional terms whi
h emerge due to saturation are negative,one 
an expe
t that the inter
ept of the Odderon 
an only be de
reased.An interesting possibility of the instanton-driven saturation has been dis
ussedby Utermann. It is very appealing sin
e the instanton gauge �eld A(I)� , whi
h is anon-perturbative and topologi
ally non-trivial gluon 
u
tuation, has the strength/ 1=p�s. This is the same behaviour as the 
lassi
al gluon �eld in the 
olor glass
ondensate theory. It turns out that within the I-perturbation theory supplementedby the latti
e results the resulting dipole 
ross se
tion has the saturating behaviourfor dipole sizes whi
h are larger than the instanton size r � h�i. One has tostress that the important ingredient in this 
al
ulation is the latti
e result aboutthe distribution of the instanton size whi
h is sharply peaked at an average value� 0:5fm. The inverse of this average instanton size 
an be identi�ed with thesaturation s
ale 1h�i = Qs : There are of 
ourse remaining questions whi
h have tobe addressed, like the xBj dependen
e of the saturation s
ale, whi
h is not in
ludedin the presented approa
h.Saturation 
an be studied in various high energy pro
esses. The deep inelasti
pro
ess is the one where the formalism is best understood, however hadron-hadron
ollisions also o�er an interesting possibility, espe
ially at the very high energies tobe a

essible by LHC. Marquet presented a method to study the saturation e�e
tsin the two s
ale pro
esses in the hadroni
 
ollisions. By extending the Gole
-Biernat and W�ustho� model [8℄ to dipole-dipole s
attering he 
al
ulated the 
rossse
tion for the produ
tion of two Mueller-Navelet jets in the dipole approa
h. Thereare several questions whi
h arise, like the validity of the kT fa
torisation used inthis approa
h, whi
h might not hold in the 
ompli
ated environment of hadroni

ollision in the presen
e of saturation. Nevertheless these problems 
ertainly deservefurther theoreti
al and phenomenologi
al studies.Saturation 
an be also su

essfully studied in the di�ra
tive pro
esses. Munierpresented a very elegant formulation of the di�ra
tive disso
iation in the s
atteringof the virtual photon o� the proton. It is appli
able in the kinemati
al regimewhere the photon virtuality is of the order of the saturation s
ale and mu
h smallerthan the invariant mass of the produ
ed partoni
 system: Q2 � Q2s � M2x . Thistheoreti
al framework employs the dipole pi
ture and makes use of the Good-Walkerformalism in whi
h the 
ross se
tion for the di�ra
tive disso
iation 
an be expressedas follows d�disso
d2b = hT 2(!)i!(Y ) � hT (!)i2!(Y ) ;where h: : :i!(Y ) means integration over possible dipole 
on�gurations (dipole sizesand their positions) !(Y ) at a given value of rapidity Y . By using a Gole
-Biernatand W�ustho� model [8℄ for the dipole 
ross se
tion one 
an obtain a very gooddes
ription of the HERA data on di�ra
tive disso
iation as a fun
tion of Q2;Wand in bins of M2x . The formulation 
an be generalised to the arbitrary number ofgluons in the �nal state. By improving it by the in
lusion of the impa
t parameter



8 Anna M. Sta�stodependen
e it 
ould be possible to study the t - dependen
e as well, whi
h mightbe helpful in dis
riminating various models and shed more light on the issue ofsaturation.Rogers presented a model for the dipole-proton amplitude whi
h in
ludes thet-dependen
e. Based on this model he showed that about 20% of the 
ross se
tion
omes from the region whi
h is 
lose to the bla
k dis
 limit. Also, a 
areful analysisof the e�e
t of the quark mass in the low Q2 region has been performed.The deeply virtual Compton s
attering is an ex
ellent ex
lusive pro
ess in whi
hone 
an test saturation ideas. Favart performed an analysis of the re
ent DVCSdata from HERA using dipole pi
ture together with di�erent saturation models.He showed that an ex
ellent des
ription of the data 
an be obtained. The dataat highest value of Q2 are best des
ribed by the modi�ed saturation model whi
hin
orporates 
orre
tly DGLAP evolution. Also, a study of the skewedness e�e
tsand the Q2 dependen
e of the slope B has been performed. The possible t-slopeparameter B measurement would allow to dis
riminate among various theoreti
alpredi
tions.The saturation e�e
ts at low x 
an be additionally enhan
ed if one 
onsiderslarge nu
leus instead of a nu
leon. S
h�afer dis
ussed the problem of the de�nitionof kT fa
torisation in 
ase of deep inelasti
 s
attering pro
ess of the nu
leus. Heshowed that a
tually one 
an still use the kT fa
torisation formalism as for thenu
leon. The usual unintegrated gluon stru
ture fun
tion of the free nu
leon hasto be repla
ed by the 
olle
tive nu
lear Weizs�a
ker - Williams unintegrated nu
learglue. It is an expansion over the 
olle
tive gluon stru
ture fun
tions of overlappingnu
leons in the Lorentz 
ontra
ted nu
leus. This formalism was then applied toestimate the angular distribution of the dijet pair produ
ed in the DIS o� nu
lei.The key result of this 
al
ulation is that it predi
ts a stronger de
orrelation betweenthe two dijets as a result of the nu
lear broadening in kT of the unintegrated gluonstru
ture fun
tion at small x. This e�e
t is enhan
ed in the presen
e of satura-tion and leads to 
omplete de
orrelation for jet-jet system when their transversemomenta are below the saturation s
ale Qs.6 Unintegrated parton distributions fun
tionsThe standard approa
h to des
ribe various hard pro
esses in QCD is to use the
ollinear fa
torisation together with s
ale dependent integrated quark and gluondensities whi
h depend upon longitudinal momentum fra
tion and the hard s
alerelevant for the pro
ess. On the other hand if one wants to des
ribe some lessin
lusive quantities whi
h are sensitive to the transverse momentum of the parton,one needs to use the alternative approa
h of the kT fa
torisation [9℄ together withthe unintegrated parton densities. Apart from the usual dependen
e on the longi-tudinal momentum fra
tion x, they possess the information about the transversemomentum kT . When integrated over kT the usual integrated gluon distribution isre
overed xg(x;Q2) The unintegrated gluon distribution 
an be obtained from theCCFM equation [10℄ whi
h embodies BFKL and DGLAP evolutions at the sametime. This equation 
an be solved analyti
ally in the 'single loop' approximation[11℄ in whi
h the angular ordering 
onstraint is repla
ed by the strong ordering



Working Group A Summary - Theory Part 9and the non-Sudakov form fa
tor is set equal to unity. In this approximation theCCFM equation is diagonalised in the transverse 
oordinate representation (using
oordinate variables 
onjugated to transverse momenta of the gluons). Broniowskipresented solution to the Kwie
i�nski-CCFM equations whi
h are extended to un-integrated quarks and 
ontain full LO splitting fun
tions. He 
onsidered partondistributions for the pion and utilised 
hiral quark models as a initial 
onditionsfor the evolution. These type of 
onditions provide with the proper normalisation,
orre
t support in Bjorken variable as well as the momentum sum rule. The so-lution of the Kwie
i�nski-CCFM evolution equations is found analyti
ally in Mellinspa
e and then inverted numeri
ally into x spa
e.

Figure 4. Transverse momentum distribution of W++W� at W = 1:8TeV within the formalismof the CCFM unintegrated parton distributions. The data are from D0 experiment. Three 
urves
orrespond to di�erent 
hoi
es of the nonperturbative impa
t fa
tor.Sz
zurek talked about the phenomenologi
al appli
ations of the kT formalismand the unintegrated gluons in various hard pro
esses in hadroni
 
ollisions. Inparti
ular he 
onsidered the transverse momentum distribution of the gauge bosonsW� produ
ed at Tevatron, see Fig. 4. It turns out that the formalism whi
hemploys unintegrated parton distributions gives equally good des
ription of the
ross se
tion as the standard resummation of large logarithms ln k2T =M2W in the
ollinear formalism [12℄.Lonnblad presented results on the unintegrated parton distributions whi
h are
al
ulated from the Linked Dipole Chain model. He studied various e�e
ts likenon-singular splitting fun
tions and the addition of quarks into the evolution. Theunintegrated parton distributions have been �tted to obtain best des
ription of
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lusive stru
ture fun
tion data, and then used to des
ribe various ex
lusivepro
esses, like the forward jet produ
tion in DIS and heavy quark produ
tion at theTevatron. These pro
esses turn out to be quite sensitive to the parti
ular form ofthe unintegrated gluon distribution fun
tion. Also the predi
tions for the ex
lusiveHiggs produ
tion 
an vary by an order of magnitude when using di�erent forms ofthe unintegrated gluon. This is 
onne
ted with the fa
t that in the 
ross se
tion forthis pro
ess is proportional to the fourth power of the unintegrated distribution.The appli
ation of the kT formalism to momentum distribution of the Higgsprodu
ed at LHC was dis
ussed by Jung. He used full CCFM formalism to deter-mine the unintegrated gluon and then used o�-shell matrix elements to 
al
ulatethe pT spe
trum of the Higgs. There are some di�eren
es with respe
t to the NLO
al
ulation in the 
ollinear approa
h, also this pro
ess is sensitive to the parti
ular
hoi
e of unintegrated gluon distribution fun
tion.To summarize, the approa
h based on unintegrated partons and kT fa
torisationopens new dire
tion in the des
ription of hard pro
esses in the hadroni
 
ollisions.It is quite promising and 
ertainly deserves further studies, whi
h would 
on
entrateon some remaining issues like the unintegrated quark densities and the in
lusion ofNLO e�e
ts.A
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