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• In all the examples , the string tension 6is universal
.

• What about the string freaking distance ?
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Technically, it is hard but there is a way out: 

a three state system/model.

✦ Lattice QCD    

Drummond 1998

u, d
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✦ Effective string models   
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diagonal elements of H, 

energies of string configurations  

The string breaking distance                           `c
<latexit sha1_base64="rWLVeHIXkpofV0/ZO2YRWQiwBL8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoDcLXjxWsB/QhrLZTtq1m03Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSq4dC9Fm/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDB7hGV7hzYmdF+fd+Vi0Fpx85hj+wPn8AYFLjxI=</latexit>
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`(b)
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Example:                           QQ̄ ! Qq̄ + Q̄q
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QQ̄ ! Qqq + Q̄q̄q̄
<latexit sha1_base64="DcACewOXXlls/WhWPtELiZRTqUI=">AAACE3icbVDLSgMxFM34rPU16tJNsAiiUGaqoMuCG5ct2Ad0hpJJM21oJpkmGaUMBT/Bjb/ixoUibt24829MZ7rQ1gNJDufccO89Qcyo0o7zbS0tr6yurRc2iptb2zu79t5+U4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsYXk/91h2Rigp+q8cx8SPU5zSkGGkjde3TuhcgCeuepP2BRlKKe1gfjc5yFWbPKL+7dskpOxngInFnpARmqHXtL68ncBIRrjFDSnVcJ9Z+iqSmmJFJ0UsUiREeoj7pGMpRRJSfZjtN4LFRejAU0hyuYab+/pGiSKlxFJjKCOmBmvem4n9eJ9HhlZ9SHieacJw3ChMGtYDTgGCPSoI1GxuCsKRmVogHSCKsTYxFE4I7v/IiaVbK7nm5Ur8oVasPeRwFcAiOwAlwwSWoghtQAw2AwSN4Bq/gzXqyXqx36yMvXbJmER6AP7A+fwB+4p2t</latexit>

which is well-defined.

In both cases, quarks are static.



5-dimensional Euclidean background metric (the ansatz) 

It is a one-parameter deformation of AdS. 

The same number of free parameters as in the Cornell model.

✦ History
soft wall dilaton modelSon et al (2006): 

Metsaev (2000): Regge like spectrum of KK modes

✦ Phenomenology For the   -meson radial excitations   ⇢

Andreev
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m2 = 2sn, n = 1, 2, ...
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s ⇡ 0.45GeV2
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✦ At zero temperature and baryon chemical potential

Andreev-Zakharov 2006

✦ The case of interest - QCD with Nc = 3
<latexit sha1_base64="grmmkjXyvc6IJdBhikxnVKnbel4=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrutoBel4MWTVLAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y7bdg7Y+GHi8N8PMvCDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHyT+e0nqjSL5IOZxNQXeChZyAg2Vnq865OrWtGiXyq7FXcGtEy8nJQhR6Nf+uoNIpIIKg3hWOuu58bGT7EyjHA6LfYSTWNMxnhIu5ZKLKj209nBU3RqlQEKI2VLGjRTf0+kWGg9EYHtFNiM9KKXif953cSEl37KZJwYKsl8UZhwZCKUfY8GTFFi+MQSTBSztyIywgoTYzPKQvAWX14mrWrFq1Wq9+fl+nUeRwGO4QTOwIMLqMMtNKAJBAQ8wyu8Ocp5cd6dj3nripPPHMEfOJ8/5CyOfA==</latexit>

Nf = 2 (u and d quarks)
<latexit sha1_base64="pN9q/c720ytB+F5AuWe+rwDx4IA=">AAACHXicbVDLSgMxFM34rPVVdelmsAgVSpmpBd0oBTeupIJ9QKeUTCbThmYyY3JHLEN/xI2/4saFIi7ciH9jpi2orQcSTs65l5t73IgzBZb1ZSwsLi2vrGbWsusbm1vbuZ3dhgpjSWidhDyULRcrypmgdWDAaSuSFAcup013cJH6zTsqFQvFDQwj2glwTzCfEQxa6uYqV13/rOwUnWIhTm8H6D0kWHij9OX9SLcxlgM1OspqdHN5q2SNYc4Te0ryaIpaN/fheCGJAyqAcKxU27Yi6CRYAiOcjrJOrGiEyQD3aFtTgQOqOsl4u5F5qBXP9EOpjwBzrP7uSHCg1DBwdWWAoa9mvVT8z2vH4J92EiaiGKggk0F+zE0IzTQq02OSEuBDTTCRTP/VJH0sMQEdaBqCPbvyPGmUS/ZxqXxdyVfPp3Fk0D46QAVkoxNURZeohuqIoAf0hF7Qq/FoPBtvxvukdMGY9uyhPzA+vwGn/p/D</latexit>

Effective five-dimensional string model                                                  



EQQ̄
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2EQq̄
<latexit sha1_base64="NL76wuGKQ8mWr9blvxhYuOqJTa4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtgp6kIILHFuwHdJeSTbNtaDZZk6xQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48amuZKkJbRHKpuiHWlDNBW4YZTruJojgOOe2E49uZ33miSjMpHswkoUGMh4JFjGBjJb9218+afogVepz2yxW36s6BVomXkwrkaPTLX/5AkjSmwhCOte55bmKCDCvDCKfTkp9qmmAyxkPas1TgmOogm988RWdWGaBIKlvCoLn6eyLDsdaTOLSdMTYjvezNxP+8Xmqi6yBjIkkNFWSxKEo5MhLNAkADpigxfGIJJorZWxEZYYWJsTGVbAje8surpF2rehfVWvOyUr/J4yjCCZzCOXhwBXW4hwa0gEACz/AKb07qvDjvzseiteDkM8fwB87nD0+EkTM=</latexit>

2EQqq
<latexit sha1_base64="aoPzp224Qofv95YnkQVFII1TMNE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCInhMwDwgWcLsZJIMmZ3dzPQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbEUBl3321lb39jc2s7t5Hf39g8OC0fHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6G7mN5+4NiJSjziJuR/SgRJ9wShaqVW+76a18XjaLRTdkjsHWSVeRoqQodotfHV6EUtCrpBJakzbc2P0U6pRMMmn+U5ieEzZiA5421JFQ278dH7vlJxbpUf6kbalkMzV3xMpDY2ZhIHtDCkOzbI3E//z2gn2b/xUqDhBrthiUT+RBCMye570hOYM5cQSyrSwtxI2pJoytBHlbQje8surpFEueZelcu2qWLnN4sjBKZzBBXhwDRV4gCrUgYGEZ3iFN2fsvDjvzseidc3JZk7gD5zPH8mxj8s=</latexit>

rw = 1/
p
s

<latexit sha1_base64="MUmfPjYW+N+fuHfojTElChjc064=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE81aQKelEKXjxWsB/QxrLZbtqlm03cnVhK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPz/FhwjY7zbS0tr6yurec28ptb2zu7hb39uo4SRVmNRiJSTZ9oJrhkNeQoWDNWjIS+YA1/cDPxG09MaR7JexzFzAtJT/KAU4JGelCd4ZV72taPClM97hSKTsmZwl4kbkaKkKHaKXy1uxFNQiaRCqJ1y3Vi9FKikFPBxvl2ollM6ID0WMtQSUKmvXR69dg+NkrXDiJlSqI9VX9PpCTUehT6pjMk2Nfz3kT8z2slGFx6KZdxgkzS2aIgETZG9iQCu8sVoyhGhhCquLnVpn2iCEUTVN6E4M6/vEjq5ZJ7VirfnRcr11kcOTiEIzgBFy6gArdQhRpQUPAMr/BmDa0X6936mLUuWdnMAfyB9fkDePeSfA==</latexit>

S(1) = SNG
<latexit sha1_base64="t4qIIZRQcBSdsxFCJfgkgWEJFEY=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSLUS0mqoBel4EFPUqn9gDYtm+22XbrZhN2NUkL+hxcPinj1v3jz37htc9DWBwOP92aYmeeFnClt29/W0vLK6tp6ZiO7ubW9s5vb26+rIJKE1kjAA9n0sKKcCVrTTHPaDCXFvsdpwxtdT/zGI5WKBeJBj0Pq+nggWJ8RrI3UqXbignOSXFa78d1N0s3l7aI9BVokTkrykKLSzX21ewGJfCo04ViplmOH2o2x1IxwmmTbkaIhJiM8oC1DBfapcuPp1Qk6NkoP9QNpSmg0VX9PxNhXaux7ptPHeqjmvYn4n9eKdP/CjZkII00FmS3qRxzpAE0iQD0mKdF8bAgmkplbERliiYk2QWVNCM78y4ukXio6p8XS/Vm+fJXGkYFDOIICOHAOZbiFCtSAgIRneIU368l6sd6tj1nrkpXOHMAfWJ8/OweRrQ==</latexit>

S(2) = 2(SNG + Sq)
<latexit sha1_base64="+TgOc4m4FXAjVO3AVwpaABrAr4I=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyxCi1CSKOhGKbjQlVRqH9DGMJlO2qGTSZyZCCUE/BU3LhRx63e482+ctllo64ELh3Pu5d57vIgSIU3zW8stLC4tr+RXC2vrG5tb+vZOU4QxR7iBQhrytgcFpoThhiSS4nbEMQw8ilve8HLstx4xFyRkd3IUYSeAfUZ8gqBUkqvv1e+Tkl1Oz+1S3U1urtKjuvtQdvWiWTEnMOaJlZEiyFBz9a9uL0RxgJlEFArRscxIOgnkkiCK00I3FjiCaAj7uKMogwEWTjI5PzUOldIz/JCrYtKYqL8nEhgIMQo81RlAORCz3lj8z+vE0j9zEsKiWGKGpov8mBoyNMZZGD3CMZJ0pAhEnKhbDTSAHCKpEiuoEKzZl+dJ065YxxX79qRYvcjiyIN9cABKwAKnoAquQQ00AAIJeAav4E170l60d+1j2prTspld8Afa5w+cHZP2</latexit>

S(3) = 2(
3X

1

SNG +
2X

1

Sq + SV )
<latexit sha1_base64="AsdLkFx2mmRUxS/+tMqQ1WVPuRE="></latexit>

     dynamical variable

`
<latexit sha1_base64="wtZpCoYBQR0eBbmcIz6XqNPYtZ8=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6a1r40U3LisYB/QDiWTZtrQJDMkGaEM/QU3LhRx6w+582/MtBVU9MCFwzn3cu89QcyZNgh9OGvrG5tb27md/O7e/sFh4ei4o6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc787j1VmkXyzsxi6gs8lixkBJtMGlDOh4UiclG10igjiNwK8mqNhiUIVevlEvQsyVAEK7SGhffBKCKJoNIQjrXueyg2foqVYYTTeX6QaBpjMsVj2rdUYkG1ny5uncNzq4xgGClb0sCF+n0ixULrmQhsp8Bmon97mfiX109MWPdTJuPEUEmWi8KEQxPB7HE4YooSw2eWYKKYvRWSCVaYGBtP3obw9Sn8n3RKrld2S7eXxebVKo4cOAVn4AJ4oAaa4Aa0QBsQMAEP4Ak8O8J5dF6c12XrmrOaOQE/4Lx9AncojoQ=</latexit>

�SNG

�rq
+

�Sq

�rq
= 0

<latexit sha1_base64="ToKMphCY+UedgBrXiEXvBcTycmo=">AAACKXicbVBbS8MwGE3nbc5b1UdfgkMQhNFOQV+UgQ/6JBPdBdZS0jTdwtLLklQYpX/HF/+KLwqK+uofMdsquM0DgZNzzkfyHTdmVEjD+NQKC4tLyyvF1dLa+sbmlr690xRRwjFp4IhFvO0iQRgNSUNSyUg75gQFLiMtt3858lsPhAsahfdyGBM7QN2Q+hQjqSRHr1k+Rzi1PMIkgndOenOVZb9X7gyyo5nAYMo9Nxy9bFSMMeA8MXNSBjnqjv5qeRFOAhJKzJAQHdOIpZ0iLilmJCtZiSAxwn3UJR1FQxQQYafjTTN4oBQP+hFXJ5RwrP6dSFEgxDBwVTJAsidmvZH4n9dJpH9mpzSME0lCPHnITxiUERzVBj3KCZZsqAjCnKq/QtxDqhmpyi2pEszZledJs1oxjyvV25Ny7SKvowj2wD44BCY4BTVwDeqgATB4BM/gDbxrT9qL9qF9TaIFLZ/ZBVPQvn8A2KmnkQ==</latexit>

     dynamical variable
3X

1

�SNG

�rv
+

�SV

�rv
= 0

<latexit sha1_base64="YsTqlURykKvjJQz8U29R2ph9HDE=">AAACMXicbVBLSwMxGMzWV62vVY9egkUQhLLbCnpRCh7sSSraB3TXJZtm29DsgyRbKMv+JS/+E/HSgyJe/ROm7Qq2dSAwmZmP5Bs3YlRIwxhruZXVtfWN/GZha3tnd0/fP2iKMOaYNHDIQt52kSCMBqQhqWSkHXGCfJeRlju4mfitIeGChsGjHEXE9lEvoB7FSCrJ0WuWiH3HfKpYHkc4sbqESQQfnOTuNk1/r9wZpmcLgeace2U4etEoGVPAZWJmpAgy1B391eqGOPZJIDFDQnRMI5J2grikmJG0YMWCRAgPUI90FA2QT4SdTDdO4YlSutALuTqBhFP170SCfCFGvquSPpJ9sehNxP+8Tiy9SzuhQRRLEuDZQ17MoAzhpD7YpZxgyUaKIMyp+ivEfaSakarkgirBXFx5mTTLJbNSKt+fF6vXWR15cASOwSkwwQWoghqogwbA4Bm8gXfwob1oY+1T+5pFc1o2cwjmoH3/APB2qqI=</latexit>

r

xQ

rw

rq
q̄

(2)

Q

(3)

q

Q̄ Q̄Q Q̄

(1)

qq q̄q̄

0

rv V V̄

SNG =
1

2⇡↵0

Z
d2⇠

p
�(2)

<latexit sha1_base64="vsjGWHyr4YgJUxFZRErHYP9ZUus="></latexit>

SV = ⌧5

Z
d6⇠

p
�(6)

<latexit sha1_base64="THKxZuhiCPF+kiXOVpDqqmidVys=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAUIez6vigBLx4VTRSycemdTOLgzO460yuGZT/Ci7/ixYMiXj1482+cxBx8FTQUVd10d4WJFAZd98MZGh4ZHRsvTBQnp6ZnZktz83UTp5rxGotlrM9DMFyKiNdQoOTnieagQsnPwquDnn92w7URcXSK3YQ3FXQi0RYM0EpBae0kyOr5no+QBlu+iJC2Lrb9W0F9c60x8zugFFxkK9ureR6Uym7F7YP+Jd6AlMkAR0Hp3W/FLFU8QibBmIbnJtjMQKNgkudFPzU8AXYFHd6wNALFTTPrP5XTZau0aDvWtuxZffX7RAbKmK4KbacCvDS/vZ74n9dIsb3bzESUpMgj9rWonUqKMe0lRFtCc4ayawkwLeytlF2CBoY2x6INwfv98l9SX694G5X1481ydX8QR4EskiWyQjyyQ6rkkByRGmHkjjyQJ/Ls3DuPzovz+tU65AxmFsgPOG+fM9CeRg==</latexit>

Sq = ⌧0

Z
ds

<latexit sha1_base64="GWpnecFuqlErQLteU6EEp5jf6Ro=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmqoBul4MZlRfuAJoTJZNoOnTycmYgl9FfcuFDErT/izr9x0mahrQcuHM65l3vv8RPOpLKsb6O0srq2vlHerGxt7+zumfvVjoxTQWibxDwWPR9LyllE24opTnuJoDj0Oe364+vc7z5SIVkc3atJQt0QDyM2YAQrLXlm9c57uHQUTj3LYZFCgax4Zs2qWzOgZWIXpAYFWp755QQxSUMaKcKxlH3bSpSbYaEY4XRacVJJE0zGeEj7mkY4pNLNZrdP0bFWAjSIhS69f6b+nshwKOUk9HVniNVILnq5+J/XT9Xgws1YlKSKRmS+aJBypGKUB4ECJihRfKIJJoLpWxEZYYGJ0nHlIdiLLy+TTqNun9Ybt2e15lURRxkO4QhOwIZzaMINtKANBJ7gGV7hzZgaL8a78TFvLRnFzAH8gfH5A8mEk5w=</latexit>

with

[qq]
<latexit sha1_base64="vlq+Pf994FlChssJfl0laCsPUNQ=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqWL1IwYvHCqYtpKFstpt26WaT7m6EUvobvHhQxKs/yJv/xk1bwc8HA4/3ZpiZF6acKe0471ZhaXllda24XtrY3NreKe/uNVWSSUI9kvBEtkOsKGeCepppTtuppDgOOW2Fw6vcb91RqVgibvU4pUGM+4JFjGBtJM8fjYJSt1xx7JrjXpy56DdxbWeGCizQ6JbfOr2EZDEVmnCslO86qQ4mWGpGOJ2WOpmiKSZD3Ke+oQLHVAWT2bFTdGSUHooSaUpoNFO/TkxwrNQ4Dk1njPVA/fRy8S/Pz3R0HkyYSDNNBZkvijKOdILyz1GPSUo0HxuCiWTmVkQGWGKiTT55CJ+fov9Js2q7J3b15rRSv1zEUYQDOIRjcKEGdbiGBnhAgME9PMKTJawH69l6mbcWrMXMPnyD9foBrQSOmA==</latexit>

[q̄q̄]
<latexit sha1_base64="75A5XwwB0kQcW0wyCw6jhe/l7pc=">AAAB+HicdVDLSsNAFL2pr1ofjbp0M1gEVyGpYnUjBTcuK9haSEOZTCft0MkkzkyEWvolblwo4tZPceffOGkr+DxwL4dz7mXunDDlTGnXfbcKC4tLyyvF1dLa+sZm2d7abqkkk4Q2ScIT2Q6xopwJ2tRMc9pOJcVxyOl1ODzP/etbKhVLxJUepTSIcV+wiBGsjdS1y34nxBLdzHpQ6toV16m53umxh34Tz3GnqMAcja791uklJIup0IRjpXzPTXUwxlIzwumk1MkUTTEZ4j71DRU4pioYTw+foH2j9FCUSFNCo6n6dWOMY6VGcWgmY6wH6qeXi395fqajk2DMRJppKsjsoSjjSCcoTwH1mKRE85EhmEhmbkVkgCUm2mSVh/D5U/Q/aVUd79CpXh5V6mfzOIqwC3twAB7UoA4X0IAmEMjgHh7hybqzHqxn62U2WrDmOzvwDdbrB9jfko8=</latexit>

String  configurations                                                  



EQQ̄(`) = �`� 2g
p
s I0 + C + o(1)

<latexit sha1_base64="JfrMa1NMpTwMrQrYMFzO446U5Vc="></latexit>

� = egs
<latexit sha1_base64="L0k+QE0My0lMxg3rpEF8ea3VRnM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoBel4MVjBfsBaSib7SRdupsNuxuhlP4MLx4U8eqv8ea/cdPmoK0PBh7vzTAzL0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKQptKrlUvZBo4CyBtmGGQy9VQETIoRuO73K/+wRKM5k8mkkKgSBxwiJGibGS39csFuQGYl0ZVGtu3Z0DrxKvIDVUoDWofvWHkmYCEkM50dr33NQEU6IMoxxmlX6mISV0TGLwLU2IAB1M5yfP8JlVhjiSylZi8Fz9PTElQuuJCG2nIGakl71c/M/zMxNdB1OWpJmBhC4WRRnHRuL8fzxkCqjhE0sIVczeiumIKEKNTSkPwVt+eZV0GnXvot54uKw1b4s4yugEnaJz5KEr1ET3qIXaiCKJntErenOM8+K8Ox+L1pJTzByjP3A+fwCz/ZDb</latexit>

I0 =

Z 1

0

dx

x2

✓
1 + x2 � ex

2
h
1� x4e2(1�x2)

i 1
2

◆

<latexit sha1_base64="rWb1Ko3+nO/G6uVdYqnSdA2dgBA="></latexit>

I0 ⇡ 0.751
<latexit sha1_base64="6Txtz3FwwEOlDBGd2GCNpjlEk44=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBFchaQqdSUFN7qrYB/QhjCZTtqhk8wwM5GW0l9x40IRt/6IO//GSZuFth64cDjnXu69JxKMKu1539ba+sbm1nZpx97d2z84dI7KLcUziUkTc8ZlJ0KKMJqSpqaakY6QBCURI+1odJv77SciFeXpo54IEiRokNKYYqSNFDrl+9DrISEkH0PPrV35th06Fc/15oCrxC9IBRRohM5Xr89xlpBUY4aU6vqe0MEUSU0xIzO7lykiEB6hAekamqKEqGA6v30Gz4zShzGXplIN5+rviSlKlJokkelMkB6qZS8X//O6mY6vgylNRaZJiheL4oxBzWEeBOxTSbBmE0MQltTcCvEQSYS1iSsPwV9+eZW0qq5/4VYfLiv1myKOEjgBp+Ac+KAG6uAONEATYDAGz+AVvFkz68V6tz4WrWtWMXMM/sD6/AHfSZJc</latexit>

EQq̄ + EQ̄q = 2
p
sQ0(g,m, q) + C

<latexit sha1_base64="Po16jVvQoarcXvb9s2QEkiG0OXc="></latexit>

g =
R2

2⇡↵0
<latexit sha1_base64="FmommUXaEIIvsizyvr4FhLQKM9w=">AAACBXicbVDLSsNAFJ3UV42vqEtdDBbRVUmioBul4MZlFfuAppbJdNIOnUzCzEQoIRs3/oobF4q49R/c+TdO2iy09cCFwzn3cu89fsyoVLb9bZQWFpeWV8qr5tr6xuaWtb3TlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/usr91gMRkkb8To1j0g3RgNOAYqS01LP2BxdeIBBOb+/dLHW9mHqIxUN0lJmm2bMqdtWeAM4TpyAVUKDes768foSTkHCFGZKy49ix6qZIKIoZyUwvkSRGeIQGpKMpRyGR3XTyRQYPtdKHQSR0cQUn6u+JFIVSjkNfd4ZIDeWsl4v/eZ1EBefdlPI4UYTj6aIgYVBFMI8E9qkgWLGxJggLqm+FeIh0KEoHl4fgzL48T5pu1TmpujenldplEUcZ7IEDcAwccAZq4BrUQQNg8AiewSt4M56MF+Pd+Ji2loxiZhf8gfH5A32nlz8=</latexit>

q = sr2q
<latexit sha1_base64="V9eECi4aJGIgh07IGJU3rNkVdHg=">AAAB8nicbVBNS8NAEJ34WeNX1aOXxSJ4KkkV9KIUvHisYD8gjWWz3bRLN9l0dyOU0J/hxYMiXv013vw3btoctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnasrd3dvf2yweHLSVSSWiTCC5kJ8CKchbTpmaa004iKY4CTtvB6Db3209UKibiBz1JqB/hQcxCRrA2kje+VrI3fqzZtt0rV5yqMwNaJm5BKlCg0St/dfuCpBGNNeFYKc91Eu1nWGpGOJ3a3VTRBJMRHlDP0BhHVPnZ7OQpOjVKH4VCmoo1mqm/JzIcKTWJAtMZYT1Ui14u/ud5qQ6v/IzFSappTOaLwpQjLVD+P+ozSYnmE0MwkczcisgQS0y0SSkPwV18eZm0alX3vFq7v6jUb4o4SnAMJ3AGLlxCHe6gAU0gIOAZXuHN0taL9W59zFtXrGLmCP7A+vwBW7OP+Q==</latexit>

m = ⌧0R
<latexit sha1_base64="Uiwi2taqtizKkcGTgtbETjJxniY=">AAAB83icbVBNS8NAEN34WeNX1aOXxSJ4KkkV9KIUvHisYj+gCWWz3bRLN5uwOyuU0r/hxYMiXv0z3vw3btoctPXBwOO9GWbmRZngGjzv21lZXVvf2Cxtuds7u3v75YPDlk6NoqxJU5GqTkQ0E1yyJnAQrJMpRpJIsHY0us399hNTmqfyEcYZCxMykDzmlICVguQ6AGJ63oPrur1yxat6M+Bl4hekggo0euWvoJ9SkzAJVBCtu76XQTghCjgVbOoGRrOM0BEZsK6lkiRMh5PZzVN8apU+jlNlSwKeqb8nJiTRepxEtjMhMNSLXi7+53UNxFfhhMvMAJN0vig2AkOK8wBwnytGQYwtIVRxeyumQ6IIBRtTHoK/+PIyadWq/nm1dn9Rqd8UcZTQMTpBZ8hHl6iO7lADNRFFGXpGr+jNMc6L8+58zFtXnGLmCP2B8/kD4cSQQQ==</latexit>

g e
q
2 +m(q � 1) = 0

<latexit sha1_base64="k2E+2VBO0tQX3FZz0ed3ldtmW4s=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQUUtSBd0oBTcuK9gHNLFMppN26OTRmYlQQnZu/BU3LhRx6y+482+ctFmo9cCFwzn3cu89bsSokKb5pRXm5hcWl4rL+srq2vqGsbnVFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13eJX5rXvCBQ2DWzmOiOOjfkA9ipFUUtfY7dtH5C6xPY5wMkqTapoe+uXRsXVwYeq63jVKZsWcAM4SKyclkKPeNT7tXohjnwQSMyRExzIj6SSIS4oZSXU7FiRCeIj6pKNogHwinGTyRwr3ldKDXshVBRJO1J8TCfKFGPuu6vSRHIi/Xib+53Vi6Z07CQ2iWJIATxd5MYMyhFkosEc5wZKNFUGYU3UrxAOkIpEquiwE6+/Ls6RZrVgnlerNaal2mcdRBDtgD5SBBc5ADVyDOmgADB7AE3gBr9qj9qy9ae/T1oKWz2yDX9A+vgHWlJdP</latexit>

EQqq + EQ̄q̄q̄ = 2
p
s
⇣
2Q0(g,m, q) + V0(g, v)

⌘
+ C

<latexit sha1_base64="uASLeiDND7ckuX0ID82tiXxHQlI="></latexit>

1 + 3k(1 + 4v)e�3v = 0
<latexit sha1_base64="iPtMdzfj/ZQPiGgX0f4wtMcKVgU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUCmWpC3oRim4cVnBPqCNZTKdtEMnkzAzKZSQjb/ixoUibv0Md/6NkzYLrR64cDjnXu69xw0Zlcqyvozcyura+kZ+s7C1vbO7Z+4ftGUQCUxaOGCB6LpIEkY5aSmqGOmGgiDfZaTjTm5SvzMlQtKA36tZSBwfjTj1KEZKSwPzyC7XJiW7XJ+ekYf4vDZNrqyCxsAsWhVrDviX2BkpggzNgfnZHwY48glXmCEpe7YVKidGQlHMSFLoR5KECE/QiPQ05cgn0onnDyTwVCtD6AVCF1dwrv6ciJEv5cx3daeP1Fgue6n4n9eLlHfpxJSHkSIcLxZ5EYMqgGkacEgFwYrNNEFYUH0rxGMkEFY6szQEe/nlv6Rdrdi1SvWuXmxcZ3HkwTE4ASVggwvQALegCVoAgwQ8gRfwajwaz8ab8b5ozRnZzCH4BePjG2Cskwg=</latexit>

Q±(a, b, c, x, y) = a
⇣p

⇡ erfi(
p
x)� exp

x

⌘
+ b(1� y)

p
1 + 2y

ex/2p
x

± 1

3
c

r
y3

x
<latexit sha1_base64="t8zy5K83GjTRTzZlooIKJ3/htnY="></latexit>

V(a, x, y) = a

✓
4x(1� y)(1 + 2y) + 6y2

(1 + 4x)(1� y)(1 + 2y) + 6y2
exp
x
�

p
⇡ erfi(

p
x)

◆

<latexit sha1_base64="hR8vk6EEH89uPfcyhq1BflMBK7Y="></latexit>

Q0(a, b, x) = Q±(a, b, c, x, 0)
<latexit sha1_base64="P3hiZLUG8JOTigVzqzDaf7dPfoU="></latexit>

V0(a, x) = V(a, x, 0)
<latexit sha1_base64="MQOTn1IE8P/Osy8E7hs82839Oyo="></latexit>

k = ⌧5⌦R/3g
<latexit sha1_base64="WFYSKOO4dkZmkHq7Pz57TAqpHN0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzVpFd0oBTfurGIf0IQwmU7SoZNJmJkIJRQ3/oobF4q49Svc+TcmaRbaeuDC4Zx7ufceN2JUKsP41koLi0vLK+XVytr6xuaWvr3TkWEsMGnjkIWi5yJJGOWkrahipBcJggKXka47usr87gMRkob8Xo0jYgfI59SjGKlUcvS90YWlUOycWjcB8RG8O274lRyOXjVqRg44T8yCVEGBlqN/WYMQxwHhCjMkZd80ImUnSCiKGZlUrFiSCOER8kk/pRwFRNpJ/sIEHqbKAHqhSIsrmKu/JxIUSDkO3LQzQGooZ71M/M/rx8o7txPKo1gRjqeLvJhBFcIsDziggmDFxilBWND0VoiHSCCs0tSyEMzZl+dJp14zG7X67Um1eVnEUQb74AAcAROcgSa4Bi3QBhg8gmfwCt60J+1Fe9c+pq0lrZjZBX+gff4AjQuUQw==</latexit>

What comes out



string breaking distance 

`(m)
c =

2

eg
p
s

⇣
Q0(g,m, q) + gI0

⌘

<latexit sha1_base64="XlWme4JyvNsYZxFhap1pljcQ+FU="></latexit>

`(b)c =
2

eg
p
s

⇣
2Q0(g,m, q) + V0(g, v) + gI0

⌘

<latexit sha1_base64="FlM48MKbpzMipUwyQcXjQJXStak="></latexit>

qq̄ pair
<latexit sha1_base64="MHY5IRE0NqgsqWc+HXov2+/BvuA=">AAACAnicdZBLSwMxFIUzvq2vqitxEyyCqyFjHbS7ghuXClYLnVLupGkbzDya3BHLUHThX3HjQhG3/gp3/htn2goqeiBwOOeG5H5+rKRBxj6sqemZ2bn5hcXC0vLK6lpxfePCRInmosYjFem6D0YoGYoaSlSiHmsBga/EpX91nPeX10IbGYXnOIhFM4BuKDuSA2ZRq7jV93zQtO/1E2h7KG4wjUHqIS20iiVmM7fiOowy22VOpZybSuXowHWpY7ORSmSi01bx3WtHPAlEiFyBMQ2HxdhMQaPkSgwLXmJEDPwKuqKR2RACYZrpaIUh3c2SNu1EOjsh0lH6/UYKgTGDwM8mA8Ce+d3l4V9dI8HOUTOVYZygCPn4oU6iKEY050HbUguOapAZ4Fpmf6W8Bxo4ZtRyCF+b0v/Nxb7tlO39s4NStXo3xrFAtskO2SMOOSRVckJOSY1wckseyBN5tu6tR+vFeh2PTlkThJvkh6y3T6J6l/4=</latexit>

[qq][q̄q̄] pair
<latexit sha1_base64="2e2Fs125D6sW8077k7l+yExR75A="></latexit>

Finite and scheme independent.



R.Pisarski ✦    5d string models vs lattice (pure SU(3) glue)

White: solving the inverse problem

Andreev-Zakharov

to fix g =
R2

2⇡↵0 and s



Many deny modes :

QQ Q
M

QQ9 t Qq

sa:::::D
So
, may characteristic scales .

• The model Hamiltonian of lattice QCD

*a nai'

inair
.,

*

The off- diagonal terns describe mixing
between these four states .
To get the energy levels Vn

,
one has to

diagonalize fl .



• The fnrymie Wilson loop I .

Lattice QCD

< Wsa > = In on e-
Vn T

as T-so
,
Vo is the ground state energy

Q
, s

• The baryonic Wilson hoops I .

5d string models
< Wz a > = In wine

- En T

• Here En are the same as the diagonal
elements of Ll .

• Characteristic scales (5 scales)
set by equating the diagonal elements of Lt

For example , Esa = EQQG t F-QI
•

"geometric scales
"
- shrug breaking distance(model deep .)



string configurations

I "

oi-C-4://T.gg
3Q QQQ

9.9*9

try 1*9 '

v

µ
•q_É= -2=0

Qqq 39



✦       string model vs lattice (pure SU(3) glue)


                             for  

Kyoto

CERN-Zurich

 = �0.083



• Example I The equilateral triangle
• Qs of side l"
i

• •

a
,

Q
,

n¥
.
. .EE?E0=q-..--/F-3Q
-

F-
agg +¥a-→EEf+ Eag

_iik potential)He
The grand state energy is determined in terms of
two state : 3Q & Qqq + 2EQq-
The shiny freaking distance follows from the

equtim F-salesa) = F-Qgg -121=-0-5
• estimates lzo

,

ñ 0.804 fm

%÷g = 0.652 - 0.659=-3
with CoE = 1.22far

(A) So , the shrug freaking distance is NOT universal



• Example 11 : The symmetric collinear
geometry

✓

- e o e
-
- - •

a-
- - • - - - - -

Qz
. U

n E-
- -

Esq.tt?-Q.g-.fE3Q
" "

E-'

V0 (in the limit 1-→ •)
1

The ground state energy now is determined
in terms of

THREE energies : Esa , Eoaq + Eeg ,

and F-Qqg +21=-0-5
The second scale is set by the equation

F-QQ
q
+ Eog = F-Qqq + 2 F-0-5

In other words
,
the decay mode

Eaaq → Eaqqt EQJ



* the QQQ system undergoes a cascade of

decays: 3QÉ¥QQg+Qj-%YQqq -1205
• estimates :

1%
,

= 1.10 fm

lag = 1.22 fm

* * *

Conclusions
* the string freaking distance might be

nonuniversal

* the QQQ - system is much more implicated
then the aoi - system (technically a physically)


