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Many theories admit unbreakable string-like excitations of nonzero 
tension 

1.The Abrikosov string in superconductors.  
2.The Nielsen-Olesen strings in the Abelian Higgs model.  
3. Confining strings in Yang-Mills theory. 
……… 
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Such strings are also very useful in the description of mesons, baryons, 
and glueballs, especially highly excited ones. 



The first step is to review the action on a string of length L. We can 
discuss closed strings or open strings. Let us consider open strings 
with Dirichlet boundary conditions for simplicity. 
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The spectrum is simply 
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We build a Fock space out of these  
excitations, as usual. The  
computation of the thermal  
partition function has a dual  
interpretation as a propagation  
of a special state of the closed string.
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The predictions of the EFT can be contrasted with lattice simulations 
by inserting two Polyakov loops along the thermal circle.  This has 
been done in exquisite detail mostly by [Athenodorou, Teper].

Consider the case of           YM theory.  
Suppose we have three external quarks,         , rather than      . This 
dynamically creates a string junction. The junction is a  
dynamical object in the open string channel. 
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The same configuration in the closed string channel looks like a three-
closed-strings interaction vertex. 

The fact that three strings can meet at a junction was already pointed 
out in 1975 and 1977 by [Artru] and [Veneziano,Rossi].



The baryon junction is very easy to prepare 
on the lattice, by employing three Polyakov 
loops.



A priori nothing is known about string interactions. The interaction is 
due to a “D-instanton.” 

However in the open channel the problem seems more tractable. 
Furthermore, the dynamical junction was already observed in lattice 
simulations of baryons, and the junction is often called the ‘’baryon 
junction’’. 

F. Bissey et al. 



The baryon junction exists in YM theory. We will use this terminology  
even though the word baryon is inappropriate as there are no dynamical  
quarks and no           symmetry. 
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Yet it is true that in some sense it is the baryon junction that carries the baryon  
number in QCD since there is pair creation changing the end points but the baryon 
junction remains intact. This point of view of thinking about the baryon junction 
 as the topological object which carries baryon number leads to interesting  
predictions that would be testable. 

[Florio, Frenklakh, Kharzeev]



Up to and including order           the theory of the junction has only one 
new parameter, which is the junction mass M. It is a priori not 
necessarily positive. 
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Other two derivative operators, especially                                      are all 
excluded!
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Classically the saddle point is when the three strings meet at 120 
degrees. This is the Fermat point. 
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The quantization then proceeds in a straightforward manner. Let us 
report the equilateral case for simplicity. The spectrum of normal 
modes is too complicated otherwise.  
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Classically the ground state energy in the equilateral case is simply 
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The normal modes however contribute to the ground state as usual 
and we get a quantum corrected ground state energy:
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This particular M dependence should allow a measurement of the 
baryon junction mass.





Surprisingly, nothing is wrong in the open channel for negative 
junction mass, as long as it is not too large in absolute value. 

To our knowledge the value of M is not known yet in YM theory. The 
partition function is given by 
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<latexit sha1_base64="tMy/ae6H7Ozu9cFpVSw2Tu2nqhA=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAbBxrAbRC2DNhYWUcwDspswO7lJhsw+MjMbCEsqG3/FxkIRW7/Bzr9xkmyhiQcGDufcw517vIgzqSzr28gsLa+srmXXcxubW9s75u5eVYaxoFChIQ9F3SMSOAugopjiUI8EEN/jUPP61xO/NgQhWRg8qFEErk+6AeswSpSWWubhwIFBzIYYmslp0YlYs4jvnVBH8O0Yt8y8VbCmwIvETkkepSi3zC+nHdLYh0BRTqRs2Fak3IQIxSiHcc6JJUSE9kkXGpoGxAfpJtMzxvhYK23cCYV+gcJT9XciIb6UI9/Tkz5RPTnvTcT/vEasOpduwoIoVhDQ2aJOzLEK8aQT3GYCqOIjTQgVTP8V0x4RhCrdXE6XYM+fvEiqxYJ9XrDvzvKlq7SOLDpAR+gE2egCldANKqMKougRPaNX9GY8GS/Gu/ExG80YaWYf/YHx+QOGi5ff</latexit>

q ⌘ e
�2⇡2R

L

<latexit sha1_base64="ZxuDFG29FCpzxbWdUqJzRRDYYo8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv3ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W49cGxGrexwn3I/oQIlQMIpWunu47JUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uwws/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL2zqnd7Wqld5XEU4QAO4Rg8OIca3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzc8eo0r</latexit>

Z =



<latexit sha1_base64="mlCDCXeWSMtEWRQiLeHOK3uQczI="></latexit>
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�
<latexit sha1_base64="ZxuDFG29FCpzxbWdUqJzRRDYYo8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv3ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W49cGxGrexwn3I/oQIlQMIpWunu47JUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uwws/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL2zqnd7Wqld5XEU4QAO4Rg8OIca3EAdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzc8eo0r</latexit>

Z =

Somehow, this should also describe local  
scattering of closed string states.



The scattering has the same kinematics as scattering of ordinary 
particles in 2+1 dimensions. Each wrapped string in the state      can be 
thought of as a complex string field                  in 2+1 dimensions and 
our action is:          

<latexit sha1_base64="/tQBHlAN3u1HL7ceAC1B+UzrKQw=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbK20obxsNu3S3STsboQS+iu8eFDEqz/Hm//GbZuDtg4sDDPz2PcmSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVAzwWPWMtwI1kkVQxkI9hCMbqb+wxNTmifxvRmnzJc4iHnEKRorPfaEjYbYx3615tbdGcgy8QpSgwLNfvWrFyY0kyw2VKDWXc9NjZ+jMpwKNqn0Ms1SpCMcsK6lMUqm/Xy28IScWCUkUaLsiw2Zqb8ncpRaj2VgkxLNUC96U/E/r5uZ6MrPeZxmhsV0/lGUCWISMr2ehFwxasTYEqSK210JHaJCamxHFVuCt3jyMmmf1b2Lund3XmtcF3WU4QiO4RQ8uIQG3EITWkBBwjO8wpujnBfn3fmYR0tOMXMIf+B8/gCxh5BX</latexit>

�a
<latexit sha1_base64="m5Np5I9VvtfcX7of3Ps8oxQLnnM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSLUTUlE1GXRjcsK9gFNCJPJpB06eTAzEUOov+LGhSJu/RB3/o3TNgttPTBwOOce7p3jp5xJZVnfxsrq2vrGZmWrur2zu7dvHhx2ZZIJQjsk4Yno+1hSzmLaUUxx2k8FxZHPac8f30z93gMVkiXxvcpT6kZ4GLOQEay05Jk1pz1iXuFwHQmwhyeNx1PPrFtNawa0TOyS1KFE2zO/nCAhWURjRTiWcmBbqXILLBQjnE6qTiZpiskYD+lA0xhHVLrF7PgJOtFKgMJE6BcrNFN/JwocSZlHvp6MsBrJRW8q/ucNMhVeuQWL00zRmMwXhRlHKkHTJlDABCWK55pgIpi+FZERFpgo3VdVl2AvfnmZdM+a9kXTvjuvt67LOipwBMfQABsuoQW30IYOEMjhGV7hzXgyXox342M+umKUmRr8gfH5A0oZlIk=</latexit>

��a(x)
<latexit sha1_base64="ztJ/g33sQGWqQQmhuldwmTB2dcg="></latexit>X

Cabc

Z
d3x ��a��b��c + higher derivative + c.c.

<latexit sha1_base64="RcbpT06gj8gByM+2X/aveLdkeMA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVERF0W3bisYB/QhHAzmbZDZ5IwMymUUDf+ihsXirj1L9z5N07bLLT1wMDhnHu4c0+Ycqa043xbpZXVtfWN8mZla3tnd8/eP2ipJJOENknCE9kJQVHOYtrUTHPaSSUFEXLaDoe3U789olKxJH7Q45T6Avox6zEC2kiBfeSpTOBRAF5jwILc4yYaQQCTwK46NWcGvEzcglRRgUZgf3lRQjJBY004KNV1nVT7OUjNCKeTipcpmgIZQp92DY1BUOXnswsm+NQoEe4l0rxY45n6O5GDUGosQjMpQA/UojcV//O6me5d+zmL00zTmMwX9TKOdYKndeCISUo0HxsCRDLzV0wGIIFoU1rFlOAunrxMWuc197Lm3l9U6zdFHWV0jE7QGXLRFaqjO9RATUTQI3pGr+jNerJerHfrYz5asorMIfoD6/MHkbeW+Q==</latexit>X
va��a

Each Polyakov loop creates a 
combination of string fields  
                 and then each of 
them propagates with the 
usual propagator in 2+1 
dimensions and finally they 
interact through a local s-
wave vertex. 



Therefore it should be true that:

<latexit sha1_base64="mlCDCXeWSMtEWRQiLeHOK3uQczI="></latexit>
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<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
?

<latexit sha1_base64="nyPyk2Km76zsneT3OVVeZvB9NFk="></latexit>X
vavbvcCabc

Z
d3x0 e

�Ma|x1�x0|�Mb|x2�x0|�Mc|x3�x0|

|x1 � x0||x2 � x0||x3 � x0|

Where the locations                are on an equilateral triangle<latexit sha1_base64="heDz1Yirj9QS2wNqdr4TXdKhrdg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdRj0YvHCvZD2qVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpYenXuqVq+WzSa9YcivuDGiZeBkpQYZ6r/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aezgyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE175KZNxYqgk80VhwpGJ0PR71GeKEsPHlmCimL0VkSFWmBibUcGG4C2+vEya1Yp3UfHuzku16yyOPBzBMZyCB5dQg1uoQwMICHiGV3hzlPPivDsf89ack80cwh84nz+MaY+X</latexit>x1,2,3
<latexit sha1_base64="0a/bmF+wmFP3nrh1Rlxb/cRvoDs=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKV78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6WBjNY=</latexit>

L



The amplitudes        are known from the Dirichlet-Dirichlet string 
which turns into a propagator in the closed channel.    

<latexit sha1_base64="l5k/v8hKM2TG5Oe1CLeuD5k7/h8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUCbbTbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWM7mZ+a8yU5rF8MpOE+REOJA85RWOlx3EPe+WKW3XnIKvEy0kFctR75a9uP6ZpxKShArXueG5i/AyV4VSwaambapYgHeGAdSyVGDHtZ/NTp+TMKn0SxsqWNGSu/p7IMNJ6EgW2M0Iz1MveTPzP66QmvPEzLpPUMEkXi8JUEBOT2d+kzxWjRkwsQaq4vZXQISqkxqZTsiF4yy+vkuZF1buqeg+XldptHkcRTuAUzsGDa6jBPdShARQG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBTXI3U</latexit>va

For instance  

<latexit sha1_base64="i7A53bbjMeq0oMHoeOT9ezeILho="></latexit>
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Therefore the question is really if appropriate interaction vertices      
can be found. 



A technical digression is to take care of the integral 

<latexit sha1_base64="67w1TNYl9ZiVCwthHeWsVFvPqM4="></latexit>Z
d3x0 e

�Ma|x1�x0|�Mb|x2�x0|�Mc|x3�x0|

|x1 � x0||x2 � x0||x3 � x0|

<latexit sha1_base64="0a/bmF+wmFP3nrh1Rlxb/cRvoDs=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWgZtLCwSMB+QHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWqt/3SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKV78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB6WBjNY=</latexit>

L

The integral is controlled by a saddle point where the interaction 
vertex is at the Fermat point (up to small deviations for generic      ) 
and the variance is 

<latexit sha1_base64="UWGlx0a35QE2ZAVWLbUj956BF8g="></latexit>
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l2s

� d� 1
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The masses of the closed string states are 

<latexit sha1_base64="gRf8LE2euk6zEWvpJjtLGlFcDVk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD7KP/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcxfobKcCrYtNRLNUuQjnHIupZKjJj2s/mpU3JmlQEJY2VLGjJXf09kGGk9iQLbGaEZ6WVvJv7ndVMTXvsZl0lqmKSLRWEqiInJ7G8y4IpRIyaWIFXc3kroCBVSY9Mp2RC85ZdXSeui6tWq3v1lpX6Tx1GEEziFc/DgCupwBw1oAoUhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH0csjcw=</latexit>na

<latexit sha1_base64="VICpE+MTRCIIb2r5P3RUvJSkWRU=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGYqqRCwFjBwsBQEH1ITRo5jtNadZzIdhBV1JmFX2FhACFWvoCNv8FtM0DLkSwdnXOPru/xE0alsqxvo7CwuLS8Ulwtra1vbG6Z2ztNGacCkwaOWSzaPpKEUU4aiipG2okgKPIZafmDy7HfuidC0pjfqWFC3Aj1OA0pRkpLnrnvBIQpBB+OulXoSBpl8NqJdQLejiDzZLfqmWWrYk0A54mdkzLIUffMLyeIcRoRrjBDUnZsK1FuhoSimJFRyUklSRAeoB7paMpRRKSbTU4ZwUOtBDCMhX5cwYn6O5GhSMph5OvJCKm+nPXG4n9eJ1XhuZtRnqSKcDxdFKYMqhiOe4EBFQQrNtQEYUH1XyHuI4Gw0u2VdAn27MnzpFmt2KcV++akXLvI6yiCPXAAjoENzkANXIE6aAAMHsEzeAVvxpPxYrwbH9PRgpFndsEfGJ8/Mq+ZUQ==</latexit>

�x02 ⇠ L

R
l2s



<latexit sha1_base64="nyPyk2Km76zsneT3OVVeZvB9NFk="></latexit>X
vavbvcCabc

Z
d3x0 e

�Ma|x1�x0|�Mb|x2�x0|�Mc|x3�x0|

|x1 � x0||x2 � x0||x3 � x0|

We can therefore replace the closed string vertex ansatz as

<latexit sha1_base64="qLk661S2fO32MrabgibUi3Lpv0Y="></latexit>

⇠ e
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<latexit sha1_base64="msxbIdVr4MIGWxMJ3MooTuo3IYU="></latexit>

= e
�3LR

l2s
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R
X

abc

Cabcvavbvcq̃
na+nb+nc

<latexit sha1_base64="Hy41VgkWKYT1Uvr3qvH/nFRxBEQ=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBsDLsS1DJoY2ERxTwgu4bZ2ZtkyOwjM7OBsKS38VdsLBSx9Qfs/BsnyRaaeGDgcM493LnHizmTyrK+jaXlldW19dxGfnNre2fX3NuvyygRFGo04pFoekQCZyHUFFMcmrEAEngcGl7/auI3hiAki8J7NYrBDUg3ZB1GidJS2yw4inEf8AA7MEjYEMNDelJ2YoZvnEgH8d24bRatkjUFXiR2RoooQ7Vtfjl+RJMAQkU5kbJlW7FyUyIUoxzGeSeREBPaJ11oaRqSAKSbTm8Z4yOt+LgTCf1Chafq70RKAilHgacnA6J6ct6biP95rUR1LtyUhXGiIKSzRZ2EYxXhSTHYZwKo4iNNCBVM/xXTHhGEKl1fXpdgz5+8SOqnJfusZN+Wi5XLrI4cOkQFdIxsdI4q6BpVUQ1R9Iie0St6M56MF+Pd+JiNLhlZ5gD9gfH5A35CmhE=</latexit>

q̃ ⌘ e
�4⇡L

R,



<latexit sha1_base64="mlCDCXeWSMtEWRQiLeHOK3uQczI="></latexit>
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�
Let us test it for the leading order baryon junction partition function:

We plug d=3 and we use the usual modular properties of the eta 
function  and Eisenstein series to switch from     to    . We find that 
indeed the transformed function can be interpreted as local scattering 
and we can read out the interaction vertices.

<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q
<latexit sha1_base64="MHf9NjZA5Me2itPdY/qIn2+8s3I=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDabSbt0s0l3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmiTTHBo8kYluB8yAFAoaKFBCO9XA4kBCKxjezfzWE2gjEvWI4xT8mPWViARnaKV2F4UMgY565Ypbdeegq8TLSYXkqPfKX90w4VkMCrlkxnQ8N0V/wjQKLmFa6mYGUsaHrA8dSxWLwfiT+b1TemaVkEaJtqWQztXfExMWGzOOA9sZMxyYZW8m/ud1Moxu/IlQaYag+GJRlEmKCZ09T0OhgaMcW8K4FvZWygdMM442opINwVt+eZU0L6reVdV7uKzUbvM4iuSEnJJz4pFrUiP3pE4ahBNJnskreXNGzovz7nwsWgtOPnNM/sD5/AHKjY/P</latexit>

q̃



Since there are degeneracies in the closed string to the order we are 
working, we can extract for the most part only average values for the 
interaction vertices, but for the first few low-lying states we can 
extract them unambiguously:  

<latexit sha1_base64="zTKEalsdXj1rkfPhMl3SzDKA3Ho="></latexit>
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<latexit sha1_base64="fs2rhvbeTmSYaV0yy6d5EPIKlkM="></latexit>

e
�2⇡MR


d� 3

3
p
d� 1

+
(d+ 2)(d+ 21)Ml

2
s

108
p
d� 1R

+O
�
1/R2

��
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One qualitative fact which is clear from the baryon junction channel 
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is that the interaction vertices scale like 
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In our open channel analysis we have seen that large negative M is 
disallowed because of a perturbative instability. Here we see that we 
potentially face unitarity violation for any negative M. 

On the other hand in the Klebanov-Strassler model, the baryon 
junction does have negative mass.  

[Imamura] 



Therefore, since there is a lot of data showing that long strings exist in 
Yang Mills theory and they seem to be good one-particle states, we are 
compelled to make a prediction that                 .   
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The other thing is that we have in d=3 with                 we find a strange 
selection rule saying that  
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This strange selection rule is due to a T-duality like symmetry that 
exchanges N and D b.cs. on the baryon junction. We find that this 
symmetry persists even to higher order than we exhibited here.



Some obvious open questions:  

1. We were able to obtain some information on string scattering pretty 
much out of nothing. How far can this be pushed?  

2. To determine M in Yang Mills theory.  
3. It is plausible that the same estimate                              holds for long 
strings in mesons or glueballs. R is then related to the spin.   

4. Go to higher order, and extend beyond the equilateral case. Test if 
local s-wave scattering still works. 

5. We found a perturbative instability for large negative M and a 
potential problem with unitarity for any negative M. What are the 
end points of these instabilities? Deconfinement?  

6. What happens for qqq which are a triangle with an angle above 120 
degrees?  
…… 
……
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Thank   You!


