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TESTS OF CHIRAL PERTURBATION THEORYAT DA�NE�Fernando CornetDepto. de Físi
a Teóri
a y del CosmosUniversidad de Granada, E-18071 Granada, Spaine-mail: 
ornet�ugr.es(Re
eived O
tober 28, 1999)DA�NE will o�er an opportunity to 
he
k Chiral Perturbation Theorypredi
tions at higher order. In this talk I have sele
ted a few topi
s forwhi
h it is expe
ted that the lowest order 
al
ulation will not be su�
ientin order to 
ompare with the experimental results. In parti
ular I willdis
uss pion pair produ
tion in two photon 
ollisions, Kl3 and Kl4 de
ays.PACS numbers: 12.38.Lg 1. Introdu
tionQuantum Chromodynami
s is by now established as the proper theoryto des
ribe Strong Intera
tions and, 
onsequently, it is the theory behindhadroni
 physi
s. Unfortunately, the QCD 
oupling 
onstant at the energiesneeded to bind quarks and antiquarks into mesons and baryons is too largeto allow for a sensible perturbative expansion. Alternative ways to des
ribehadron intera
tions are needed. Latti
e QCD with MonteCarlo simulationsprovides a very promising way to study hadroni
 properties. However, onlymasses and simple pro
esses have been 
al
ulated with this method. A hugein
rease in the 
omputer power (whi
h is not foreseeable in the near future) isneeded in order to deal with more involved quantities, su
h as 
ross-se
tionsand de
ay widths. These quantities are better studied in the framework ofe�e
tive theories. Chiral Perturbation Theory (ChPT) is su
h an e�e
tivetheory in whi
h the quark and gluon degrees of freedom are repla
ed bythe pseudos
alar �elds. The Lagrangian of the theory is written in terms of� Presented at the XXIII International S
hool of Theoreti
al Physi
s�Re
ent Developments in Theory of Fundamental Intera
tions�, Ustro«, Poland,September 15�22, 1999. (3285)



3286 F. Cornetthese �elds, taking 
are that all the symmetries of the QCD Lagrangian arein
luded in the e�e
tive theory. The perturbative expansion is performed interms of the momenta involved in the pro
esses, with the lowest order beingO(p2). In the se
ond se
tion of this talk I will present a short introdu
tionto Chiral Perturbation Theory with a view on what will be needed in therest of the talk. More 
omplete reviews of the status of ChPT 
an be foundin Ref. [1, 2℄.The new �-fa
tory, DA�NE (Double A

elerator for Ni
e Experiments),will o�er the possibility of experimentally studying many pro
esses that
an be des
ribed by ChPT. The design luminosity of DA�NE, L = 5 �1032 
m�2se
�1, will allow to rea
h an experimental pre
ision that 
anonly be mat
hed with the pre
ision obtained at Next to Leading Order(and in some 
ases Next to Next to Leading Order) theoreti
al 
al
ula-tions. DA�NE has re
ently started operating although the luminosity isonly 1:5 � 1030 
m�2se
�1. The physi
s possibilities of this a

elerator arevery wide and they are 
overed by three experiments: KLOE (K Long Ob-servation Experiment) for Parti
le Physi
s, FINUDA (FIsi
a NU
leare atDAphne) for Nu
lear Physi
s and DEAR (Daphne Exoti
 Atom Resear
h)for Atomi
 Physi
s.The main goal of DA�NE is the study of CP violation. With the nominalluminosity one expe
ts 7:5 � 109 K0SK0L pairs a year. This large number ofK pairs will allow to measure Re("0=") with an error Æ("0=") = 1 � 10�4through the measurement of the double ratioN+�L =N+�SN00L =N00S = ����A(K0L ! �+��)=A(K0S ! �+��)A(K0L ! �0�0)=A(K0S ! �0�0) ����2 = 1 + 6Re�"0" � : (1)The present experimental values for "0=" have been obtained with the studyof the same ratio and are summarized in Table I. The errors are still largerthan the expe
ted sensitivity at DA�NE, although it is expe
ted that theywill also be able to redu
e their errors down to Æ("0=") = 1�10�4. However,it is important to noti
e that all the present experiments are performedin hadroni
 
olliders. Thus, the systemati
 errors will be very di�erent atDA�NE than in the other experiments. Hopefully, with the 
ombined e�ortsof all the experimental groups we will soon have a 
lear situation 
on
erningthe experimental value of "0=". The present world average shown in Table Iis 
ompatible with the Standard Model predi
tion, although one has to gointo one 
orner of the allowed region in the parameter spa
e [8℄.The measurement of "0=" 
an also be performed with a new method.The idea is to identify the �+�� and �0�0 produ
tion points in the pro
ess�! KK ! �+���0�0 and build the asymmetry:A(d) = N(d > 0)�N(d < 0)N(d > 0) +N(d < 0) = AR(d)Re �"0" �+AI(d)Im �"0" � : (2)



Tests of Chiral Perturbation Theory at DA�NE 3287TABLE IExperimental results for "0=""0=" Group(23� 7)� 10�4 NA31 [3℄(7:4� 5:9)� 10�4 E731 [4℄(28:0� 4:1)� 10�4 KTeV [5℄(18:5� 7:3)� 10�4 NA48 [6℄(21:2� 2:8)� 10�4 World Average [7℄N is the number of events with positive or negative values of d = d
 � dnwhere d
 and dn are the distan
es between the intera
tion point and the
harged and neutral pion pair produ
tion points, respe
tively. The fun
tionsAR(d) and AI(d) have a very simple asymptoti
 behavior for large valuesof d: AR(d)! 3 AI(d)! 0 : (3)Thus, a measurement of the asymmetry (2) for large values of d provides anew measurement of Re ("0="). The sensitivity of this method is, however,a bit worse than the one of the double ratio (1): Æ(Re ("0=")) � 1:8 � 10�4.Moreover, a �t to the whole dependen
e of the asymmetry on d also pro-vides a value for Im ("0=") although the expe
ted error will be rather large:Æ(Im ("0=")) � 3:4� 10�3 [9℄.2. Chiral perturbation theory: a brief introdu
tionThe QCD Lagrangian 
an be written in terms of q = 
olumn(u d s) inthe form:LQCD = iqL
�D�qL + iqR
�D�qR + qLmqqR + qRmqqL + LHF + LG ; (4)where the term LHF in
ludes the 
ontribution from heavy quarks, LG 
on-tains only gluoni
 terms and mq = diag(mu md ms) 
ontains the quarkmasses. It is 
lear that in the limit where mq = 0 the Lagrangian is invari-ant under independent transformations of the left and right-handed quark�elds, i.e. under the group SU(3)L � SU(3)R:qL ! gLqL qR ! gRqR with gL; gR 2 SU(3)L;R : (5)In view of this symmetry, one would expe
t that all hadrons appear in multi-plets of opposite parity. However, there is no eviden
e for su
h a symmetry.We 
annot blame the small quark masses this big e�e
t. Instead, before



3288 F. Cornetthe appearan
e of QCD it was already re
ognized that SU(3) was a rathergood symmetry [10℄. The 
hiral symmetry is, thus, spontaneously broken:SU(3)L � SU(3)R ! SU(3)V through the non-zero value of the quark 
on-densate: h0juuj0i = h0jddj0i = h0jssj0i � �(250 MeV)3=2; (6)whi
h be
omes the order parameter of the spontaneous 
hiral symmetrybreaking. The Goldstone theorem assures that in this pro
ess eight gold-stone bosons appear (one for ea
h broken generator) [11℄. These bosons aremassless in the limit of massless quarks, but the small expli
it 
hiral symme-try breaking through the quark masses gives a small mass to the goldstonebosons.The idea of ChPT is to write down an e�e
tive Lagrangian where thequarks and gluons have been repla
ed by the goldstone bosons appearing inthe spontaneous 
hiral symmetry breaking. A 
onvenient parametrization isin terms of a 3� 3 unitary matrix:� = e2iM=f with M = 0BBBBB� �0p2 + �p6 �+ K+�� � �0p2 + �p6 K0K� K0 �2 �p6
1CCCCCA ; (7)and f is a free 
onstant. This matrix transforms under SU(3)L�SU(3)R as:� ! gL�gyR : (8)The e�e
tive Lagrangian 
ontains an in�nite number of terms, but it 
anbe expanded a

ording to the number of derivatives. This is somethingmore than a 
onvenient 
lassi�
ation. Physi
ally, it means an expansion interms of powers of momenta that have to be small 
ompared with the 
hiralsymmetry breaking s
ale, whi
h is � 1 GeV. Lorentz invarian
e requires thenumber of derivatives to be even. Thus, the �rst term is:L2 = f28 tr ������y : (9)This is the only relevant term with two derivatives, be
ause other possibleterms one 
an think o�, su
h as ������y, di�er from (9) only in a totalderivative. Expanding � it is obvious that the Lagrangian in Eq. (9) 
on-tains the kineti
 terms for all the pseudos
alar mesons and intera
tion termsinvolving 4, 6 and a larger number of pseudos
alars. Moreover, taking theaxial 
urrent, one has:h0jJL1+i2� j�+i = � ip2f�P�� with JLa� = � if24 tr (T a����y); (10)
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ation at this order of the free 
onstant f with thewell-known pion de
ay 
onstant f� = f = 132 MeV. Note that at thispoint there is a 
omplete SU(3) symmetry among the three de
ay 
onstants:f� = f� = fK .The e�e
ts of the expli
it 
hiral symmetry breaking through the non-vanishing values of the quark masses 
an be in
luded in the Lagrangian (9)adding some new terms:L2 = f28 tr �������y + (��y + ��y)� ; (11)where � 
ontains the external s
alar and pseudos
alar �elds in the followingway: � = B(s� ip); where s = m+ � � � : (12)B is again a free 
onstant that 
an be 
al
ulated in terms of the pseudos
alarand quark masses:B = 2m2�mu +md = 2m2Kmu +ms = 6m2�mu +md +ms : (13)From this relations, eliminating the quark masses, one 
an obtain the Gell-Mann�Okubo mass relation [12℄4m2K �m2� = 3m2� : (14)The new term in the Lagrangian also 
ontains more intera
tion terms, whi
hare proportional to the pseudos
alar masses. The expansion, thus, is not onlyin powers of the momenta, but also in powers of the pseudos
alar masses.External ve
tor �elds 
an be introdu
ed in the theory 
onverting thederivatives appearing in the Lagrangian in 
ovariant derivatives:L2 = f28 tr �D��D��y + (��y + ��y)� ;D�� = ��� + iL�� � i�R� (15)and adding the appropriate kineti
 terms for the ve
tor �elds L� and R�.These �elds transform under SU(3)L � SU(3)R as:L� ! gLL�gyL � igL��gyL ;R� ! gRR�gyR � igR��gyR : (16)In parti
ular, we 
an introdu
e ele
tromagneti
 intera
tions involving pho-tons and pseudos
alars with the identi�
ation L� = R� = eA�Q, where Q



3290 F. Cornetis the quark 
harge matrix:Q = 0� 23 0 00 �13 00 0 �13 1A : (17)Weak pro
esses with external W �elds 
an also be introdu
ed with the iden-ti�
ation: R� = 0 andL� = ep2 sin �W (W+� T+ + h:
:) T+ = 0� 0 Vud Vus0 0 00 0 0 1A : (18)We will use this form in our dis
ussion of Kl3 and Kl4 de
ays.In this way we 
omplete the des
ription of the lowest order ChPT La-grangian. With this Lagrangian we 
an reprodu
e all the 
urrent algebraresults obtained in the sixties. The advantage now is that we have a toolthat allows to 
al
ulate in a systemati
 way 
orre
tions to these results.The next order 
orre
tions are O(p4). It is interesting to noti
e that oneloop diagrams 
ontribute to terms at this order. Indeed, in any one loopdiagram the number of verti
es must be the same as the number of internallines. Sin
e ea
h internal line 
ontributes at O(p�2) (they are pseudos
alarpropagators), the total dimension of the loop 
ontribution is given by themomentum integral, i.e. O(p4). This result 
an be easily generalized for anyL-loop diagram 
ontaining Nd verti
es of dimension d [14℄D = 2L+ 2 +Xd (d� 2)Nd: (19)Thus, any loop diagram 
ontributes to terms with a dimension larger thanthe dimensions of the verti
es involved in the diagram.In order to be 
onsistent in the 
hiral expansion we have to 
onsiderthe higher dimension terms in the Lagrangian together with the loop 
al-
ulations. In parti
ular, sin
e one loop 
al
ulations give a result O(p4) wehave to add to the Lagrangian the terms of this order that have been ne-gle
ted up to now. The 
omplete set of O(p4) terms invariant under parity,
harge 
onjugation and 
hiral transformations were �rst written by Gasserand Leutwyler [13℄:L4 = L1 htr �D��yD���i2 + L2tr �D��yD��� tr �D��yD���+L3tr �D��yD��D��yD���+ L4tr �D��yD��� tr ��y�+ �y��+L5tr hD��yD�� ��y�+ �y��i+ L6 htr ��y�+ �y��i2



Tests of Chiral Perturbation Theory at DA�NE 3291+L7 htr ��y�� �y��i2 + L8tr ��y��y� +�y��y���iL9tr �R��D��D��y + L��D��yD���+ L10tr ��yR���L���+H1tr (R��R�� + L��L��) +H2tr ��y�� ; (20)where R�� = ��R� � ��R� � i [R�; R� ℄ ;L�� = ��L� � ��L� � i [L�; L� ℄ : (21)The equations of motion of the O(p2) have been used to remove the termsthan 
ontain se
ond derivatives. In this Lagrangian we have introdu
ed 12new free 
onstants.A se
ond 
onsequen
e of the previous dimension 
ounting for the one loopdiagrams is that their result will, in general, be divergent. These divergen
es
an, however, be removed with the help of the 12 
onstants appearing inEq. (20). Sin
e this Lagrangian 
ontains all the terms at O(p4), the divergentterms appearing in the loop 
al
ulation have to be 
ontained in Eq. (20).We 
an de�ne the 
onstants in terms of a �nite, measurable part and anin�nite part: 1 Li = Lri (�2) + ��i i = 1; 10 ;Hi = ��i i = 1; 2 : (22)Using dimensional regularization,� = 132�2 �1" + 1� 
 � log �2 + log(4�)� ; (23)where " is related to the number of dimensions through the usual expression:d = 4 � 2" and 
 is the Euler 
onstant. The �i and �i in Eq. (22) 
an bedetermined to 
an
el all the divergen
es appearing in one loop 
al
ulations[13℄:�1 = 332 �2 = 316 �3 = 0 �4 = 18 �5 = 38�6 = 11144 �7 = 0 �8 = 548 �9 = 14 �10 = �14�1 = �18 �2 = 524 : (24)1 The 
onstants H1, H2 do not have a physi
al relevan
e. They are only needed to
an
el the divergen
es appearing in the loop 
al
ulations.



3292 F. CornetIn this way we 
an get �nite results for all the physi
al amplitudes in spiteof the fa
t that we are dealing with a non-renormalizable theory. The pri
ewe have to pay is the introdu
tion of 10 free 
onstants. This pro
edure
an be repeated at any order with the introdu
tion of new free 
onstantsat ea
h order in the expansion. The theory is non-renormalizable be
ausewe need an in�nite number of 
onstants to renormalize the whole theory, in
ontrast to what happens in a renormalizable theory where a �nite numberof 
onstants allows to absorb all the divergen
es appearing at any order inthe perturbative expansion.The �nite parts of the 
onstants Lr1; : : : ; Lr10 depend of the renormaliza-tion s
ale � as it was expli
itly noted in Eq. (22). Indeed, sin
e the physi
alamplitudes are renormalization s
ale independent the � dependen
e of the�nite part of the one loop diagrams will 
an
el renormalization s
ale depen-den
e of the 
onstants. This dependen
e 
an, thus, be easily expressed usingthe de�nition (22): Lri (�2) = Lri (�1) + �i(4�)2 log �1�2 : (25)The values of these 
onstants have to be �xed by experiment. In Table IIwe show their values at the s
ale � = m� together with an indi
ation of theexperimental data from whi
h these numbers have been obtained [2℄TABLE IIThe values of the Li 
oe�
ients and the input used to determine them, they arequoted at a s
ale � = m�.Li Value �103 Input1 0:4� 0:3 Ke4 and �� ! ��2 1:35� 0:3 Ke4 and �� ! ��3 �3:5� 1:1 Ke4 and �� ! ��4 �0:3� 0:5 1=N
 arguments5 1:4� 0:5 FK=F�6 �0:2� 0:3 1=N
 arguments7 �0:4� 0:2 Gell-Mann�Okubo, L5, L88 0:9� 0:3 mK0 �mK+ , L5, baryon mass ratios9 6:9� 0:7 pion ele
tromagneti
 
harge radius10 �5:5� 0:7 � ! e�
Let us dis
uss, as an example, the situation in �� s
attering. It is asimple exer
ise to obtain from the Lagrangian in Eq. (11) the Weinbergamplitude [14℄: A(s; t; u) = s�m2�f2� (26)
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attering amplitude for �a(pa)�b(pb)! �
(p
)�d(pd) throughthe isospin de
omposition:Tab;
d = ÆabÆ
dA(s; t; u) + Æa
ÆbdA(t; s; u) + ÆadÆb
A(u; t; s); (27)with s = (pa + pb)2 , t = (pa � p
)2 and u = (pa � pd)2. The amplitudes ofde�nite isospin 
an be expanded in partial wave amplitudes a

ording to:AI(s; 
os �) = i 32�psps� 4m2� 1Xl=0(2l + 1)Pl(
os �)�1� e2iÆIl (s)� ; (28)where ÆIl are the phase shifts. The 
orresponding s
attering lengths, aIl ,are de�ned as the slopes of the phase shifts at threshold. The lowest orderpredi
tions from Eq. (26) are:a00 = 0:156 a00 � a02 = 0:201; (29)to be 
ompared with the experimental data [15℄:a00 = 0:26� 0:05 a00 � a02 = 0:29 � 0:04: (30)It is 
learly important to evaluate the 
orre
tion to these results.The �� s
attering amplitude atO(p4) re
eive 
ontributions from one loopdiagrams involving verti
es from L2, tree diagrams involving verti
es fromL4 and wave fun
tion renormalization. In Fig. 1 we show the experimentalvalues of the phase shift di�eren
e Æ00 � Æ11 as a fun
tion of the �� 
enterof mass energy 
ompared to the O(p2) (dashed line) and O(p4) (dot-dashedline) results [13℄. The solid line is the result of an O(p6) 
al
ulation [16℄.The results for the s
attering lengths are:a00 = 0:156 + 0:044 + 0:017 = 0:217 ;a00 � a02 = 0:201 + 0:042 + 0:016 = 0:258 : (31)The three terms in the right hand side 
orrespond to the O(p2), O(p4) andO(p6), respe
tively. In these results we 
an see that the in
lusion of thehigher order terms tend to improve the agreement between the theoreti
alvalues and the experimental data. We should also note the ni
e 
onvergen
eshown by the perturbative expansion, even though the �rst 
orre
tion isquite large.The example we just dis
ussed is also relevant for DA�NE be
ause theexperimental data for the �� phase shifts and s
attering lengths are ex-tra
ted from Kl4 de
ays [15, 17℄. Sin
e the agreement between the theoret-i
al and experimental results is at the 1� level for a00 (and just a bit betterfor a00� a02), it is 
lear that a signi�
ant redu
tion of the experimental errorat DA�NE will provide an stringent test of the ChPT result.
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Fig. 1. Phase shift di�eren
e as a fun
tion of the 
enter of mass energy. The dashedline stands for the lowest order 
al
ulation, the dot-dashed line for the O(p4) andthe solid line for the O(p6), assuming that the 
onstants of the O(p6) Lagrangianvanish. 3. 

 ! ��We will �rst dis
uss 
harged pion pair produ
tion in two photon pro-
esses, where the photons are assumed to be real. The lowest order ampli-tude is easily 
al
ulated from the Feynman rules for s
alar ele
trodynami
sthat 
an be found in any textbook on Quantum Field Theory. The total
ross se
tion as a fun
tion of the 

 
enter of mass energy is:�(s) = ��22s ��2jaj2 � 4(2� Æ)Re a+ 4 �2� 2Æ + (1� �2)�1 + 12Æ��� ;(32)where Æ = 1� �2� ln 1 + �1� � (33)and � is the velo
ity of the pions in their 
enter of mass system. The lowestorder 
ross se
tion is obtained from Eq. (32) with the identi�
ation a = 1and it is plotted in Fig. 2 
ompared to the experimental data from Ref. [18℄.The O(p4) result 
an also be obtained from Eq. (32) with [19℄a = 1 + 4sf2 (Lr9 + Lr10)� 116�2f2 �32s+m2� ln2Q� + 12m2K ln2QK� (34)
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 ! �+�� 
ross-se
tion as a fun
tion of the 
enter of mass energy. Thedotted line stands for the lowest order predi
tion, the dashed line is the result ofthe O(p4) 
al
ulation and the solid line is the result of the full, O(p6), 
al
ulation.The dashed- double dotted line is the result of a dispersive 
al
ulation [21℄.where Qi is given by: Qi = qs� 4m2i +psqs� 4m2i �ps: (35)The se
ond and third term on this expression 
orrespond to the O(p4) tree
ontributions and the loop 
ontributions, respe
tively. In Eq. (34) there isa dependen
e on the sum of two unknown 
onstants from the O(p6) La-grangian, namely Lr9 and Lr10. This sum also 
ontributes to the stru
turedependent term in � ! e�
. From the experimental data (see Ref. [13℄) oneobtains Lr9 + Lr10 = (1:4� 0:4) � 10�3: (36)Thus, at this order we also have a parameter free predi
tion for the total
ross se
tion, whi
h is shown in Fig. 2 (dashed line). Comparing it with thelowest order predi
tion we 
an see that there is a 13% in
rease in the valueof the 
ross se
tion at the peak. The O(p6) 
orre
tions to this 
ross-se
tionhave also been 
al
ulated [20℄ and they are also shown in Fig. 2 (solid line).The pro
ess with neutral pion pair produ
tion is very interesting fromthe theoreti
al point of view. Inspe
ting the Lagrangians L2 and L4 one 
aneasily realize that there are no tree level 
ontributions to this pro
ess. Thus,the lowest order 
ontribution is O(p4) and is given by one loop 
ontribu-tions. Sin
e there are no O(p4) terms in the Lagrangian 
ontributing to this
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ess, one knows that the one loop 
al
ulation must be �nite (otherwise,there would be no way to 
an
el the divergen
e from the loop 
al
ulation)and 
ontain no free parameter. The result of this 
al
ulation is shown inFig. 3 [19℄ (dashed line), 
ompared to the experimental data from CrystallBall [22℄. In this 
ase, the O(p6) 
orre
tions have also been 
al
ulated (solidline) and turn out to be important [23℄. Indeed, in this 
ase they are theNext to Leading Order 
orre
tions!

Fig. 3. 

 ! �0�0 
ross-se
tion as a fun
tion of the 
enter of mass energy at O(p4)(dashed line) and O(p6) (solid line). The result of a dispersive 
al
ulation from [24℄is shown with a dashed-dotted line.The dis
ussion above on pion pair produ
tion have been performed as-suming that the in
oming photons are real, whi
h is a good approximationfor a no-tag experiment. However, this is not a feasible experimental situ-ation at DA�NE, where both, ele
trons and positrons, must be tagged inorder to have a reliable measurement. The minimum de�e
tion angle for thein
oming ele
tron is 10Æ. One should, thus, extend the previous 
al
ulationsto the whole e+e� ! e+e��+�� pro
ess. This is work in progress. Theexpe
ted number of events with a �� invariant mass lower than 600 MeV atDA�NE is O(104) for 
harged pions and O(10) for neutral pions. Sin
e thetwo photon e�e
tive luminosity is larger for lower 

 
enter of mass energy,one 
an expe
t to be able to dis
riminate the O(p4) e�e
ts in the 
hargedpion 
hannel. For neutral pion pair produ
tion, the number of events is toolow to allow for any pre
ision measurements.
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 K de
ays: Kl3 and Kl4The subje
t of semileptoni
 K de
ays have been extensively studied byBijnens and 
ollaborators [25℄. In this talk I will only 
over two 
hannels.The �rst one I want to dis
uss 
onsists of Kl3 de
ays, i.e.K+ ! �0l+�l ;K0 ! ��l+�l ;where l 
an be an ele
tron or a muon. The matrix element for K+ de
ayhas the general stru
ture:T = GFp2V �usl�F+� (p; p0) ; (37)where GF is the Fermi 
oupling 
onstant, Vus is the 
orresponding matrixelement of the CKM matrix, l� is the leptoni
 
urrent and F+� (p; p0) is thehadroni
 
urrent that depends on the K+ and �0 momenta, respe
tively.The general form of this 
urrent involves two form fa
tors:F+� (p; p0) = (p+ p0)�fK�+ (t) + (p� p0)�fK�� (t) ; (38)where t = (p � p0)2. Similar expressions 
an be obtained for K0 de
ays.Instead of fK�+ and fK�� one normally uses fK�+ and the s
alar form fa
torfK�0 = fK�+ + 1m2K �m2� fK�� (39)and, for simpli
ity, the dependen
e on t of both form fa
tors is assumed tobe linear: fK�+;0(t) = fK�+ (0)�1 + �+;0 tm2�� : (40)The experimental situation for the values of the slope parameters is very
lear for �+ [28℄ and is shown in Table III. The situation, however, is mu
hmore 
onfusing for �0 [28℄, but the most re
ent measurement was performed18 years ago. At lowest order in ChPT, both slope parameters vanish (i.e.the form fa
tors are independent of t) but they re
eive 
ontributions atO(p4). These 
ontributions are given by a typi
al fun
tion for loop 
al
ula-tions, but this fun
tion approximates in a very ni
e way to a straight line,justifying the empiri
al approximation made in (40). It depends on the pa-rameter Lr9. This parameter also appears in the pion ele
tromagneti
 formfa
tor. From a �t to this quantity we obtain Lr9 = (6:8 � 0:2) � 10�3 [19℄
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tion for the slope parameters. Inthis way we obtain: �+ = 0:031 �0 = 0:017: (41)The result for �+ is in very good agreement with the experimental dataand it will be interesting to 
ompare the value obtained for �0 at DA�NEwith this predi
tion. In order to asses the improvement one 
an expe
t atDA�NE in the pre
ision of the measurements we should take into a

ountthat the number of K+ and K0 de
ays in the previous measurements are105 and 4 � 106, respe
tively, while at DA�NE one expe
ts 3 � 108 eventsper year in ea
h 
hannel. TABLE IIIExperimental results for the slope parameter in Kl3 de
ays, �+�+ De
ay Channel0:0286� 0:0022 K+e 30:032� 0:008 K+� 30:0300� 0:0016 K0e 30:034� 0:005 K+� 3Let us �nally turn our attention into the Kl4 de
ays, i.e.;K+ ! �+��l+�l ;K+ ! �0�0l+�l ;K0 ! �0��l+�l : (42)In this 
ase there are four independent form fa
tors. F , G, R, and H.The form fa
tor R 
an
els for me = 0 and has not been measured up tonow, so we will negle
t it in our dis
ussion. The other form fa
tors 
an beparametrized in the formF = fseiÆ00 + fpeiÆ11 
os �� +D-wave ;G = geiÆ11 +D-wave ;H = heiÆ11 +D-wave ; (43)where the phase shifts are the same ones as in �� s
attering dis
ussed inSe
tion 2. �� is the angle between the �+ in the two pion rest frame and thedipion line of �ight in the K rest frame. Negle
ting the D-wave 
ontribution
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e of the form fa
tors:fs(q2) = fs(0)(1 + �q2) ;g(q2) = g(0)(1 + �q2) ;h(q2) = h(0)(1 + �q2); (44)with q2 = s� � 4m2�4m2� and s� being the two pion invariant mass, Rosselet and
ollaborators have obtained the following experimental values [15℄:fs(0) = 5:59 � 0:14 ; g(0) = 4:77 � 0:27 ;h(0) = �2:68 � 0:68 ; � = 0:08� 0:02 : (45)The �rst non-vanishing 
ontribution to the form fa
tor H is due to the
hiral anomaly [26℄ and one obtains H = �2:66, in good agreement with theexperimental data. The next order 
orre
tions have also been evaluated andturns out to be very small [27℄.The theoreti
al 
al
ulation of the F and G form fa
tors is now mu
hmore involved than in the previous 
ases. The lowest order result for bothform fa
tors is 3:74, but the O(p4) 
orre
tions re
eive 
ontributions frommany of the unknown 
onstants. In parti
ular, they re
eive 
ontributionsfrom Lr1, Lr2 and Lr3 that 
annot be determined from any other pro
ess. Oneshould use data on these de
ays to pre
isely determine the values of theseparameters. One 
ould use the form fa
tors and slope parameters to obtainvalues for these 
onstants and in this way obtain a parameter free predi
tionfor the low energy parameters in �� s
attering. Alternatively, one 
ould alsoperform a �t to the whole set of data [25℄. The authors of Refs. [25℄ and [29℄have also estimated the higher order 
orre
tions and they have found thattheir e�e
ts might be sizeable.5. Con
lusionsThe main purpose of this talk was to show that the experiments thatwill be performed at DA�NE will be sensitive to higher order 
orre
tionsin Chiral Perturbation Theory. I have not gone through the whole list pro-
esses that have been studied. They 
an be found in [30℄. In all the 
aseswe have dis
ussed (ex
ept in two neutral pion produ
tion in two photonpro
esses) we have seen that the great improvement that 
an be expe
ted inthe experimental data from DA�NE with respe
t to previous experimentswill require Next to Leading Order Cal
ulations (O(p4)) and, as it looks inKl4 de
ays Next to Next to Leading Order (O(p6)). It should also be notedthat ChPT provides 
lear expressions that 
an be used to dire
tly 
ompare
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e of the form fa
tors).I am grateful to H. Czy» and M. Zraªek for their kind invitation tothis s
hool and their su

essful e�orts to 
reate a ni
e atmosphere duringthis week and to A. Farilla for her information on the status of DA�NE.This work has been partially supported by the EEC, TMR-CT98-0169 (EU-RODAPHNE network), CICYT, under 
ontra
t AEN96-1672 and Junta deAndalu
ia, under 
ontra
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