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ISOSPIN VIOLATION IN THE TWO-NUCLEONSYSTEM �Markus WalzlInstitut für Kernphysik, Fors
hungszentrum Jüli
h GmbH52425 Jüli
h, Germany(Re
eived June 29, 2000)In this 
ontribution violation of isospin symmetry of the nu
lear for
esis investigated using the e�e
tive �eld theory of the Standard Model, ChiralPerturbation Theory (�PT). Without going into details of the underlyingNu
lear �PT, we 
on
entrate on the 
onstru
tion of a systemati
 expan-sion of isospin breaking e�e
ts (ele
tromagneti
 intera
tion and quark massdi�eren
e) at the level of a 
hiral Lagrangian. First results espe
ially forthe 1S0 threshold paramters are shown.PACS numbers: 12.39.Fe, 11.30.�j1. Introdu
tionConne
ting the symmetries of QCDSU(2)A 
 SU(2)V 
U(1)V (1)(restri
ted to two �avours) to the hadroni
 spe
trum, the pattern of a spon-taneous breakdown of the SU(2)A (leading to �PT (for a review see Ref. [1℄)and an expli
it breaking of SU(2)V due to the mass termLmass = 12 �q(mu +md)(1 + "�3)q (2)with " = (md �mu)=(md �mu) and the ele
tromagneti
 intera
tion is ob-served. Here we are going to show how these symmetry 
onsiderations pro-vide us with a systemati
 expansion of isospin breaking in the nu
lear for
eson the basis of Nu
lear �PT. Parti
ulary we demonstrate how the 
hargeindependen
e breaking (CIB) in the 1S0 threshold parameters [2℄�aCIB = anp � app + ann2 = (5:7 � 0:5) fm (3)
an be understood.� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2709)
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lear �PTBased on earlier works by Weinberg [3℄ and van Kol
k et al. [4℄ a nu
lear�PT has been 
onstru
ted by Epelbaoum and 
oworkers [5℄ using the pro-je
tion formalism proposed by Okubo [6℄. The in
orporation of an expli
itisospin dependen
e of the potentials 
onstru
ted in that way is the subje
tof this investigation.3. In
orporation of isospin breakingNow we show how to implement the di�erent me
hanisms of isopin vio-lation (quark mass di�eren
e and ele
tromagneti
 intera
tion) at the level ofthe e�e
tive Lagrangian: while soft photons were treated with a parti
ularmomentum-spa
e te
hnique for the Coulomb potential [7℄, hard photonsand the mass di�eren
e were in
orporated using the te
hnique of externalsour
es, a standard method of �PT. Therefore we de�ne two s
alar �elds� = 2B(mu +md)(1 + "�3) ; (4)Q = e2(1 + �3) ; (5)(B is proportional to the s
alar quark 
ondensate in the 
hiral limit) witha well de�ned 
ounting and 
oupling to the nu
leoni
 and pioni
 �elds [8℄.Instead of writing down all the ��, �N and NN 
ontributions (as already
onstru
ted in [8℄), we only show one example, the se
ond order �� La-grangian, L(2)�� = f2�4 hr�Ur�U + �yU + �U yi+ ChQUQU yi (6)(f� is the pion de
ay 
onstant in the 
hiral limit). The last term is theLeading Order (LO) 
ontribution to the pion mass di�eren
e (�md),8��Cf2� = Æm2� = (m2�+ �m2�0) : (7)Therefore we 
ount the �md proportional to �. Noti
e further that thespe
ial form of (4) and (5) allows us to rewrite all nu
leoni
 
onta
t termswith insertions of external �elds at a given 
hiral order as the sum of isospinsymmetri
 
onta
t stru
tures andVCSB = (N y�3N)(N yN) ; (8)VCIB = (N y�3N)2 ; (9)
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h parametrize the non-pioni
 CSB and CIB-e�e
ts1. Analyzing theLagrangians 
onstru
ted in that way, one is able to establish the followingexpansion in � and " [8℄ (O(T)PE abbreviating One(Two)-Pion-Ex
hange):Chiral order Expansion-parameter ContributionLO � Coulomb potential� �md in OPE� / (N yQN)2" / (N y�N)(N yN)NLO � �md in TPE� / (r�r�N yQN)2..." / (r�r�N y�N)(N yN):::� �
 ex
hangesThe dots in the Next to Leading Order (NLO) 
onta
t intera
tion representthe other possible 
ombinations of derivatives on the nu
leoni
 �elds.4. First resultsTo work out the 
onne
tion between �md in OPE and CIB, we onlyin
orporate the leading order e�e
ts into our 
al
ulation. After adjusting
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Fig. 1. Phase shifts for pp and np s
attering in 1S01 CSB is the 
harge symmetry breaking e.g. �aCSB = app � anp = (1:5� 0:1) fm.



2712 M. Walzlthe two 
onta
t intera
tions of every partial wave in NLO separatly for thedi�erent isospin 
hannels, the phase shifts 
an be determined2 (see Fig. 1).The phase shift for various partial waves as well as a more detailed do
umen-tation of our method will be published elsewhere [10℄. In this 
ontributionwe will 
on
entrate on the threshold parameters determined with the 
onta
tterms mat
hed to the phase shifts:a[fm℄ r[fm℄ pro
ess a[fm℄ r[fm℄Exp. np �23.75�0.01 2.68�0.05 pp �17.3�0.4 2.85�0.04�PT np �23.562 2.64 pp �16.638 2.79Performing only NLO 
onsiderations, we are a little bit o� in the absolutevalue (
f. [5℄), while the CIB of the s
attering length in 1S0 is very welldes
ribed. By swit
hing the pion mass di�eren
e on and o�, we are able todetermine the e�e
t of OPE.�aCIB[fm℄ �rCIB[fm℄ �aOPECIB [fm℄ �rOPECIB [fm℄Exp. 5.7�0.5 0.05�0.13�PT 6.174 0.10 2.83 0.055. Con
lusionEven in this preliminary stage of investigation, we are able to show howpowerful an e�e
tive �eld theory approa
h is in order to des
ribe the elasti
s
attering of nu
leons in all isospin 
hannels simultaneously (nn s
attering
an be investigated by adjusting the 
onta
t terms to the e�e
tive rangeexpansion). Just performing a next-to-leading order 
al
ulation in �PT andin
orporating leading-order isospin breaking, the experimentally observedCIB has been worked out. To allow predi
tions at higher energies, a NNLO-
al
ulation is ne
essary. An investigation of the in�uen
e of pion mass dif-feren
e in two-pion-ex
hange and a fresh look at the pion-photon-loops willfollow.2 Data taken from the Nijmwegen partial wave analysis [9℄.
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