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Low energy  

antinucleon-proton annihilation

Claude Amsler        

One of the first annihilations of an antiproton observed at the Bevatron with a  
photographic emulsion. O Chamberlain et al. 1956 Nuov. Cim. 3 447.)

1956, Bevatron, Berkeley

Count rate:  1 antiproton/15 min)
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Low Energy Antiproton Ring in the CERN South Hall  (LEAR, 1983-1996)

3.5 GeV/c from AA into PS, decelerated to 600 MeV/c in PS,  sent to LEAR  
100  — 1940 MeV/c  (5.3 — 1217 MeV)

extraction (1 hour spill), Dp/p < 10-3, 106/s 
p

Total of 35 experiments, 15 on annihilation mostly with stopping antiprotons  (“annihilation at rest”)

ASTERIX, Crystal Barrel, OBELIX: 350 publications, 6 new mesons (today established)

{
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Global features of proton-antiproton annihilation at rest

Charged annihilation products : known from bubble chamber data (~1970, CERN &  Brookhaven)

~60% of all annihilations have > 1 ⇡0
<latexit sha1_base64="jWSJpJRTDKdpIzqME4QQTBFBMcg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4rmLbQxrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Ht3O//cS1EYl6wEnKg5gOlYgEo2glv5eKR7dfrrhVdwGyTrycVCBHs1/+6g0SlsVcIZPUmK7nphhMqUbBJJ+VepnhKWVjOuRdSxWNuQmmi2Nn5MIqAxIl2pZCslB/T0xpbMwkDm1nTHFkVr25+J/XzTC6CaZCpRlyxZaLokwSTMj8czIQmjOUE0so08LeStiIasrQ5lOyIXirL6+TVq3qXVVr9/VKo57HUYQzOIdL8OAaGnAHTfCBgYBneIU3RzkvzrvzsWwtOPnMKfyB8/kDcLaOZQ==</latexit>

contain ~7%    ,  ~6 %⌘
<latexit sha1_base64="4upj4G4K7nAsFY4rudwW5dZlwUA=">AAAB63icbVBNS8NAEN34WetX1aOXxSJ4Kkkt6LHgxWMF+wFtKJvtpF26m4TdiVBC/4IXD4p49Q9589+4aXPQ1gcDj/dmmJkXJFIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJxqDm0ey1j3AmZAigjaKFBCL9HAVCChG0zvcr/7BNqIOHrEWQK+YuNIhIIzzKUBIBtWqm7NXYCuE68gVVKgNax8DUYxTxVEyCUzpu+5CfoZ0yi4hHl5kBpIGJ+yMfQtjZgC42eLW+f00iojGsbaVoR0of6eyJgyZqYC26kYTsyql4v/ef0Uw1s/E1GSIkR8uShMJcWY5o/TkdDAUc4sYVwLeyvlE6YZRxtP2Ybgrb68Tjr1mnddqz80qs1GEUeJnJMLckU8ckOa5J60SJtwMiHP5JW8Ocp5cd6dj2XrhlPMnJE/cD5/AAX6ji4=</latexit>

K
<latexit sha1_base64="9auOkfoGqlM5DBcwDSZEhzoG4Es=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXgQvCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMT3vhTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2bsqVxrVUq2axZGHMziHS/DgGmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH58djMU=</latexit>

were studied by Crystal Barrel
Prong 

(charged)
%

0 4.1 (+0.2-0.6)
2 43.2 (+0.9-0.7)
4 48.6 (+0.9-0.7)
6 4.1 (+0.2-0.2)

and

< n(⇡0) >= 2.0± 0.2
<latexit sha1_base64="AU9yoXyH8MSaDS/oShF37mPntgM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6iYkUdSFSsGNywr2AU0sk+mkHTqZhJmJUELd+CtuXCji1r9w5984bbPQ1gMXDufcy733BAmjUtn2t1FYWFxaXimultbWNza3zO2dhoxTgUkdxywWrQBJwigndUUVI61EEBQFjDSDwfXYbz4QIWnM79QwIX6EepyGFCOlpY65d8ErXkLv7aMreAldy4ZeEkHbcjtm2bbsCeA8cXJSBjlqHfPL68Y4jQhXmCEp246dKD9DQlHMyKjkpZIkCA9Qj7Q15Sgi0s8mH4zgoVa6MIyFLq7gRP09kaFIymEU6M4Iqb6c9cbif147VeG5n1GepIpwPF0UpgyqGI7jgF0qCFZsqAnCgupbIe4jgbDSoZV0CM7sy/Ok4VrOseXenpSrp3kcRbAPDkAFOOAMVMENqIE6wOARPINX8GY8GS/Gu/ExbS0Y+cwu+APj8wd4K5Ol</latexit>

< n(⇡±) >= 3.0± 0.2
<latexit sha1_base64="WNVHZbATmVkfUMjoaoeNs2RRPbI=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAIdTPMtKIuVApuXFawF+iMJZNm2tAkMyQZoZSCG1/FjQtF3PoS7nwb03YW2vpD4OM/53By/jBhVGnX/bYWFpeWV1Zza/n1jc2tbXtnt67iVGJSwzGLZTNEijAqSE1TzUgzkQTxkJFG2L8e1xsPRCoaizs9SEjAUVfQiGKkjdW29y9E0U/ovZ/w4yt4CcuOCw1D1ym17YLruBPBefAyKIBM1bb95XdinHIiNGZIqZbnJjoYIqkpZmSU91NFEoT7qEtaBgXiRAXDyQ0jeGScDoxiaZ7QcOL+nhgirtSAh6aTI91Ts7Wx+V+tleroPBhSkaSaCDxdFKUM6hiOA4EdKgnWbGAAYUnNXyHuIYmwNrHlTQje7MnzUC85Xtkp3Z4UKqdZHDlwAA5BEXjgDFTADaiCGsDgETyDV/BmPVkv1rv1MW1dsLKZPfBH1ucPbGGUww==</latexit>

Pion multiplicity:

Inclusive charged pion spectrum pp at rest

(ASTERIX)

resolution

~350 MeV/c

(1320)Detector
cut

p

0                200              400             600             800

±
<latexit sha1_base64="OziP6WDlvqX6RoCNhH5dGfJFrZI=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWUY8FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD71E9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10U2QcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6RVq/oX1dr9ZaV+lcdRhBM4hXPw4RrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBTf43J</latexit> ⌥

<latexit sha1_base64="MaGB33dz2ny4WMYPw/BeNzcOGiE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWUY8FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9MsVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10U2QcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6RVq/oX1dr9ZaV+lcdRhBM4hXPw4RrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBTfI3J</latexit>

p [MeV/c]

Phys. Lett. 152B (1985) 135 

(Similar in flight at low energy)



Antinucleon-nucleon annihilation, FuPhy workshop, Vienna, 8 April 2024, C. Amsler 4

• Fireball, pions emitted statistically from the hot gas

2⇡+2⇡�⇡0 : !⇢0,!f2(1270), ⇢ 3⇡...
<latexit sha1_base64="G50YaEd4g3FkVlDt01bSwv7Z8rg="></latexit>

e.g.

More complicated: 
mostly via intermediate resonances:

• From the annihilation rates in various channels:
Clear evidence for  quark and antiquark interactions, but 
the exact mechanism is unclear

more L = 1

: pure L=1

between the proton and the antiproton

ASTERIX
Phys. Lett. 157B (1985) 333

<latexit sha1_base64="000fDe27Ut2RnerTSiLa5E0TA14=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4KjOtTO2u4EZwU8E+oB3KnTTThmYyY5IRSulPuHGhiFt/x51/Yzodiq8DgcM595J7jh9zprRtf1q5tfWNza38dmFnd2//oHh41FZRIgltkYhHsuuDopwJ2tJMc9qNJYXQ57TjT64WfueBSsUicaenMfVCGAkWMALaSN2bQR94PIZBsWSX7RT4L3EyUkIZmoPiR38YkSSkQhMOSvUcO9beDKRmhNN5oZ8oGgOZwIj2DBUQUuXN0nvn+MwoQxxE0jyhcap+35hBqNQ09M1kCHqsfnsL8T+vl+jg0psxESeaCrL8KEg41hFehMdDJinRfGoIEMnMrZiMQQLRpqJCWkK96tQrVZO97rq2U1tlX5F2pey4Zff2otRwszry6ASdonPkoBpqoGvURC1EEEeP6Bm9WPfWk/VqvS1Hc1a2c4x+wHr/AvNpkAs=</latexit>

K↵

Mechanism?

Stopping antiprotons in hydrogen:
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 Mechanism: annihilation at rest into two neutral mesons (Crystal Barrel):  quarks!!

wrong comb.

Annihilation probability 
(branching fractions):  10-3 - 10-4

π0η
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] ⌘ =
1p
2
(uū+ dd̄) sin(✓i � ✓P )� ss̄ cos(✓i � ✓P )

<latexit sha1_base64="rEOLq8c8L5tLyiM2dOS/83cIxVQ="></latexit>

⌘0 =
1p
2
(uū+ dd̄) cos(✓i � ✓P ) + ss̄ sin(✓i � ✓P )

<latexit sha1_base64="JeP/TQpwJdiUHrZWEUqpPAMimkE="></latexit>

D

{

ss̄
<latexit sha1_base64="ZLRGSNSj5BZ2a6z1hvRwxxWFEJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fipq/sBVZmeDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxb3zsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5s+TIVfIjJhaQpni9lbCxlRRZmxEJRuCt/ryOmnXqt5VtXZfrzTqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNv55Av</latexit>

B(⌘⌘)

B(⌘⌘0)
=

(sin2 �)2

2(sin� cos�)2
=

tan2 �

2
<latexit sha1_base64="nUbWfFOU2Jh35aW/Fn3EuJjqxr8="></latexit>

Prediction, for example:
(add phase space factors)

ideal mixing angle
: pseudoscalar mixing angle✓P

<latexit sha1_base64="68iZ1w8BkHBh/p/nGilEzw1x8XQ=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsxUUZcFNy4r2Ae0Q8mkmTY0kxmTO0IZ+hNuXCji1t9x59+YtrPQ1gOBwznnkntPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/0S9X3Ko7B1klXk4qkMPmv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nt93Ss6sMiBhrO1TSObq74mMRsZMosAmI4ojs+zNxP+8borhjZ8JlaTIFVt8FKaSYExmx5OB0JyhnFhCmRZ2V8JGVFOGtqKSLcFbPnmVtGpV76Jau7+s1K/yOopwAqdwDh5cQx3uoAFNYCDhGV7hzXl0Xpx352MRLTj5zDH8gfP5A/oVj+M=</latexit>

! ! ⇡0� (missing)
<latexit sha1_base64="Bi8BPvKCuQtebG2sCC3bDqwN2Sk=">AAACEXicbVBLSwMxGMzWV62vVY9egkWol7JbC3osePFYwT6gu5Zsmm5D81iSrFCW/gUv/hUvHhTx6s2b/8a03YO2DgQmM99HMhMljGrjed9OYW19Y3OruF3a2d3bP3APj9papgqTFpZMqm6ENGFUkJahhpFuogjiESOdaHw98zsPRGkqxZ2ZJCTkKBZ0SDEyVuq7lUByEiMYGAmDhN57QYw4t3dYyQLFIadaUxFPz/tu2at6c8BV4uekDHI0++5XMJA45UQYzJDWPd9LTJghZShmZFoKUk0ShMcoJj1LBeJEh9k80RSeWWUAh1LZIwycq783MsS1nvDITnJkRnrZm4n/eb3UDK/CjIokNUTgxUPDlEEbf1YPHFBFsGETSxBW1P4V4hFSCBtbYsmW4C9HXiXtWtW/qNZu6+VGPa+jCE7AKagAH1yCBrgBTdACGDyCZ/AK3pwn58V5dz4WowUn3zkGf+B8/gD7/5xx</latexit>

✓P = �24.5� (linear) ,�11.3�(quadratic)
<latexit sha1_base64="XSt0OSb7gvWIIMb1bkrryhX/k4g="></latexit>

K,⇡, ⌘, ⌘0
<latexit sha1_base64="Kk9WuWGNBhDToqhH2GvJZ+Kusbk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovoQkpSRV0W3AhuKtgHtKFMpjft0MkkzEyEEOqvuHGhiFs/xJ1/47TNQlsPzOVwzr3cO8ePOVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEgKTRrxSHZ8ooAzAU3NNIdOLIGEPoe2P76Z+u1HkIpF4kGnMXghGQoWMEq0kfp2+e4M92JmCmgyryd9u+JUnRnwMnFzUkE5Gn37qzeIaBKC0JQTpbquE2svI1IzymFS6iUKYkLHZAhdQwUJQXnZ7PgJPjbKAAeRNE9oPFN/T2QkVCoNfdMZEj1Si95U/M/rJjq49jIm4kSDoPNFQcKxjvA0CTxgEqjmqSGESmZuxXREJKHa5FUyIbiLX14mrVrVPa/W7i8q9cs8jiI6REfoFLnoCtXRLWqgJqIoRc/oFb1ZT9aL9W59zFsLVj5TRn9gff4AGv2TGA==</latexit>

masses:From mass formula)

i
ignore by
the OZI 

rule

From <latexit sha1_base64="zjM8+GvTqR/2yRziOo6UWttle4U=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laRI9Vjw4rGC/YAmlMl20y7d3YTdjVBC/4YXD4p49c9489+4bXPQ1gczPN6bYWdflHKmjed9OxubW9s7u6W98v7B4dFx5eS0o5NMEdomCU9UL0JNOZO0bZjhtJcqiiLitBtN7uZ+94kqzRL5aKYpDQWOJIsZQWOlIBihELjsg0rVq3kLuOvEL0gVCrQGla9gmJBMUGkIR637vpeaMEdlGOF0Vg4yTVMkExzRvqUSBdVhvrh55l5aZejGibIljbtQf2/kKLSeishOCjRjverNxf+8fmbi2zBnMs0MlWT5UJxx1yTuPAB3yBQlhk8tQaKYvdUlY1RIjI2pbEPwV7+8Tjr1mt+oNR6uq816EUcJzuECrsCHG2jCPbSgDQRSeIZXeHMy58V5dz6WoxtOsXMGf+B8/gAPspGr</latexit>�� production in e+e- collisions
<latexit sha1_base64="rE+/Xsfhtz37Ju1vfidaoNx8OI0=">AAACBXicbZA7SwNBFIVn4yvG16qlFoNBsDHspog2QsDGMgHzgOy6zE4myZDZBzN3hbCksbG28S9oY6GIrb2lnfhnnDwKTTww8HHuvdw5148FV2BZX0ZmYXFpeSW7mltb39jcMrd36ipKJGU1GolINn2imOAhqwEHwZqxZCTwBWv4/fNRvXHNpOJReAmDmLkB6Ya8wykBbXnmvgM9BsSr4DN8jG3rysIORBqLGj0zbxWssfA82FPIl5er3x/3dw8Vz/x02hFNAhYCFUSplm3F4KZEAqeCDXNOolhMaJ90WUtjSAKm3HScYogPtdPGnUjqFwIeu78nUhIoNQh83RkQ6KnZ2sj8r9ZKoHPqpjyME2AhnSzqJALrnKOT4DaXjIIYaCBUcv1XTHtEEgr6cDl9BHs28jzUiwW7VChV7Xy5iCbKoj10gI6QjU5QGV2gCqohim7QI3pGL8at8WS8Gm+T1owxndlFf2S8/wDstZlb</latexit>

✓P = �100 ! �200

<latexit sha1_base64="SkxiTr+M9CzHUI0CQoFwOMj4NG0="></latexit>

! = 1
2 (dd̄+ uū), ⇢0 = 1

2 (dd̄� uū)

ss̄
<latexit sha1_base64="ZLRGSNSj5BZ2a6z1hvRwxxWFEJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fipq/sBVZmeDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxb3zsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5s+TIVfIjJhaQpni9lbCxlRRZmxEJRuCt/ryOmnXqt5VtXZfrzTqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNv55Av</latexit>

ss̄
<latexit sha1_base64="ZLRGSNSj5BZ2a6z1hvRwxxWFEJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fipq/sBVZmeDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxb3zsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5s+TIVfIjJhaQpni9lbCxlRRZmxEJRuCt/ryOmnXqt5VtXZfrzTqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QNv55Av</latexit>

no        in the pp system:

}

4g
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⇡0⌘
<latexit sha1_base64="iAHlg9lGc6GKYqmatfBYz/h+wDw=">AAAB8HicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Vjw4rGC/ZAmls120i7dbMLuRCilv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk0hwZPZKLbITMghYIGCpTQTjWwOJTQCoc3U7/1BNqIRN3jKIUgZn0lIsEZWunBT8Wj6wOybqnsVtwZ6DLxclImOerd0pffS3gWg0IumTEdz00xGDONgkuYFP3MQMr4kPWhY6liMZhgPDt4Qk+t0qNRom0ppDP198SYxcaM4tB2xgwHZtGbiv95nQyj62AsVJohKD5fFGWSYkKn39Oe0MBRjixhXAt7K+UDphlHm1HRhuAtvrxMmtWKd16p3l2Ua5d5HAVyTE7IGfHIFamRW1InDcJJTJ7JK3lztPPivDsf89YVJ585In/gfP4Ade+QJQ==</latexit>

From data: pseudoscalar mixing angle

⇡0⌘/⇡0⌘0
<latexit sha1_base64="1yU8ILStonMdaDF0YSz8z4k33Q8=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL6KomVdRlwY3LCvYCTSyT6Uk7dDIJMxOhhuKruHGhiFvfw51v4/SCaOsPAx//OYdz5g8SzpR2nC8rt7C4tLySXy2srW9sbtnbO3UVp5JCjcY8ls2AKOBMQE0zzaGZSCBRwKER9K9G9cY9SMVicasHCfgR6QoWMkq0sdr2npewO8cDTU5+6KhtF52SMxaeB3cKRTRVtW1/ep2YphEITTlRquU6ifYzIjWjHIYFL1WQENonXWgZFCQC5Wfj64f40DgdHMbSPKHx2P09kZFIqUEUmM6I6J6arY3M/2qtVIeXfsZEkmoQdLIoTDnWMR5FgTtMAtV8YIBQycytmPaIJFSbwAomBHf2y/NQL5fc01L55qxYOZ/GkUf76AAdIxddoAq6RlVUQxQ9oCf0gl6tR+vZerPeJ605azqzi/7I+vgGUi2Ucw==</latexit>

⌘⌘/⌘⌘0
<latexit sha1_base64="Bm8bi6a5rIoOMH4CoYjlHcZfbGo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuqpJFXVZcOOygr1AG8pketIOnUzCzEQsoa/ixoUibn0Rd76NkzaCtv5w4OM/5zBnfj/mTGnH+bIKK6tr6xvFzdLW9s7unr1fbqkokRSaNOKR7PhEAWcCmpppDp1YAgl9Dm1/fJP12w8gFYvEvZ7E4IVkKFjAKNHG6tvlHmiS1dkPnPTtilN1ZsLL4OZQQbkaffuzN4hoEoLQlBOluq4Tay8lUjPKYVrqJQpiQsdkCF2DgoSgvHR2+xQfG2eAg0iaEhrP3N8bKQmVmoS+mQyJHqnFXmb+1+smOrj2UibiRIOg84eChGMd4SwIPGASqOYTA4RKZm7FdEQkodrEVTIhuItfXoZWreqeV2t3F5X6ZR5HER2iI3SKXHSF6ugWNVATUfSIntALerWm1rP1Zr3PRwtWvnOA/sj6+AZ1T5QF</latexit>

!⌘/!⌘0
<latexit sha1_base64="VzpOIqSoRYJ4i1a3fTE2a/XDzoE=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYRFc1qaIuC25cVrAXaEKZTE/aoZNJmJkIJXbhq7hxoYhbX8Odb+O0DajVHwY+/nMO58wfJJwp7TifVmFhcWl5pbhaWlvf2Nyyt3eaKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxheTeqtO5CKxeJWjxLwI9IXLGSUaGN17T0vjqBPPNDk5BuPunbZqThT4b/g5lBGuepd+8PrxTSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx6AgESg/m94/xofG6eEwluYJjafuz4mMREqNosB0RkQP1HxtYv5X66Q6vPQzJpJUg6CzRWHKsY7xJAzcYxKo5iMDhEpmbsV0QCSh2kRWMiG481/+C81qxT2tVG/OyrXzPI4i2kcH6Bi56ALV0DWqowai6B49omf0Yj1YT9ar9TZrLVj5zC76Jev9C5yhlcs=</latexit>

⌘⇢0/⌘0⇢0
<latexit sha1_base64="WAZhrOjhyaMtvMyK2o31BeIPUpc=">AAAB/3icbZDLSsNAFIZP6q3WW1Rw42awiK5qUkVdFty4rGAv0MQymU7aoZNJmJkIpXbhq7hxoYhbX8Odb+OkzUKrPwx8/Occzpk/SDhT2nG+rMLC4tLySnG1tLa+sbllb+80VZxKQhsk5rFsB1hRzgRtaKY5bSeS4ijgtBUMr7J6655KxWJxq0cJ9SPcFyxkBGtjde09j2rsyUF855xkeDTjrl12Ks5U6C+4OZQhV71rf3q9mKQRFZpwrFTHdRLtj7HUjHA6KXmpogkmQ9ynHYMCR1T54+n9E3RonB4KY2me0Gjq/pwY40ipURSYzgjrgZqvZeZ/tU6qw0t/zESSairIbFGYcqRjlIWBekxSovnIACaSmVsRGWCJiTaRlUwI7vyX/0KzWnFPK9Wbs3LtPI+jCPtwAMfgwgXU4Brq0AACD/AEL/BqPVrP1pv1PmstWPnMLvyS9fENAS6VZw==</latexit>

Annihilation Rearrangement

i

j

i

j

p

p

p

p

A R

uū, dd̄
<latexit sha1_base64="bOHABhoZJ/yQdUvcQjjppvXXVYg=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcCElqaIuC25cVrAXaEOZTKbt0MmFuYgl5FXcuFDErS/izrdxmmahrT8MfPznHM6Z3084k8pxvq3S2vrG5lZ5u7Kzu7d/YB9WOzLWgtA2iXksej6WlLOIthVTnPYSQXHoc9r1p7fzeveRCsni6EHNEuqFeByxESNYGWtoV/XAxyLV2TkKcgqyoV1z6k4utApuATUo1BraX4MgJjqkkSIcS9l3nUR5KRaKEU6zykBLmmAyxWPaNxjhkEovzW/P0KlxAjSKhXmRQrn7eyLFoZSz0DedIVYTuVybm//V+lqNbryURYlWNCKLRSPNkYrRPAgUMEGJ4jMDmAhmbkVkggUmysRVMSG4y19ehU6j7l7UG/eXteZVEUcZjuEEzsCFa2jCHbSgDQSe4Ble4c3KrBfr3fpYtJasYuYI/sj6/AEK+ZRn</latexit>

no dd̄, dd̄
<latexit sha1_base64="nYZ467hETwhy3hO7DZGpAsX6wIY=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAILqQkVdRlwY3LCvYCbSiTyaQdOpmEmYlYQl7FjQtF3Poi7nwbp20Ebf1h4OM/53DO/H7CmdKO82WtrK6tb2yWtsrbO7t7+/ZBpa3iVBLaIjGPZdfHinImaEszzWk3kRRHPqcdf3wzrXceqFQsFvd6klAvwkPBQkawNtbArgR9H8ssyM/QDw3sqlNzZkLL4BZQhULNgf3ZD2KSRlRowrFSPddJtJdhqRnhNC/3U0UTTMZ4SHsGBY6o8rLZ7Tk6MU6AwliaJzSaub8nMhwpNYl80xlhPVKLtan5X62X6vDay5hIUk0FmS8KU450jKZBoIBJSjSfGMBEMnMrIiMsMdEmrrIJwV388jK06zX3vFa/u6g2Los4SnAEx3AKLlxBA26hCS0g8AhP8AKvVm49W2/W+7x1xSpmDuGPrI9v1YaURQ==</latexit>

no

BR(⇢0⇢0) = (1.2± 1.2)⇥ 10�3
<latexit sha1_base64="C/3w1raOz8GuSmUDm44E7WcKV6g=">AAACGHicbVDLTgIxFO3gC/E16tJNIzGBheMMkOjGhOjGJRp5JMxAOqVAQ6czaTsmZMJnuPFX3LjQGLfs/BsLzELBk7Q9Oefe3N7jR4xKZdvfRmZtfWNzK7ud29nd2z8wD48aMowFJnUcslC0fCQJo5zUFVWMtCJBUOAz0vRHtzO/+USEpCF/VOOIeAEacNqnGCktdc2Lm4eCK4Zhx17cRXgNC45Vgm4UQP0WoatoQCR07E5yXp50zbxt2XPAVeKkJA9S1Lrm1O2FOA4IV5ghKduOHSkvQUJRzMgk58aSRAiP0IC0NeVID/OS+WITeKaVHuyHQh+u4Fz93ZGgQMpx4OvKAKmhXPZm4n9eO1b9Ky+hPIoV4XgxqB8zqEI4Swn2qCBYsbEmCAuq/wrxEAmElc4yp0NwlldeJY2S5ZSt0n0lX62kcWTBCTgFBeCAS1AFd6AG6gCDZ/AK3sGH8WK8GZ/G16I0Y6Q9x+APjOkPESicAA==</latexit>

BR(!!) = (3.32± 0.34)⇥ 10�2
<latexit sha1_base64="6qr0yY7buYAHkb4TgPI9jd7v8gY=">AAACGnicbVDLSgMxFM3UV62vUZdugkVoFw4znYJuhKIbl1XsAzq1ZNK0DU0yQ5IRytDvcOOvuHGhiDtx49+YPhbaeiDhcM693HtPGDOqtOt+W5mV1bX1jexmbmt7Z3fP3j+oqyiRmNRwxCLZDJEijApS01Qz0owlQTxkpBEOryZ+44FIRSNxp0cxaXPUF7RHMdJG6tje5W0hiDjpo9lfhBew4Dt+CQYxh67jl4sw0JQTBT33Pj0tjTt23nXcKeAy8eYkD+aoduzPoBvhhBOhMUNKtTw31u0USU0xI+NckCgSIzxEfdIyVCAzrJ1OTxvDE6N0YS+S5gkNp+rvjhRxpUY8NJUc6YFa9Cbif14r0b3zdkpFnGgi8GxQL2FQR3CSE+xSSbBmI0MQltTsCvEASYS1STNnQvAWT14m9ZLj+U7pppyvlOdxZMEROAYF4IEzUAHXoApqAINH8AxewZv1ZL1Y79bHrDRjzXsOwR9YXz+3CJzg</latexit>

if A dominates

⇢0⇢0
<latexit sha1_base64="yViwj0CiYZKOGeV/dICP1mJMHow=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxUUZcFNy4r2Ad0xpJJM21oJhmSjFCG/oYbF4q49Wfc+Tem01lo64F7OZxzL7k5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3M797hNVmknxYKYJDWI8EixiBBsr+b4ay0d30QfVmlt3c6BV4hWkBgVag+qXP5QkjakwhGOt+56bmCDDyjDC6azip5ommEzwiPYtFTimOsjym2fozCpDFEllSxiUq783MhxrPY1DOxljM9bL3lz8z+unJroJMiaS1FBBFg9FKUdGonkAaMgUJYZPLcFEMXsrImOsMDE2pooNwVv+8irpNOreRb1xf1lrXhVxlOEETuEcPLiGJtxBC9pAIIFneIU3J3VenHfnYzFacoqdY/gD5/MHiJeRUA==</latexit>

!!
<latexit sha1_base64="qspqkhEDYttznfHkGql7o3giuC8=">AAAB83icbVDLSgMxFM34rPVVdekmWARXZaaKuiy4cVnBPqAzlEx6pw3NY0gyQhn6G25cKOLWn3Hn35i2s9DWA/dyOOdecnPilDNjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fhu5neeQBum5KOdpBAJMpQsYZRYJ4WhEjAki96vVP2aPwdeJUFBqqhAs1/5CgeKZgKkpZwY0wv81EY50ZZRDtNymBlICR2TIfQclUSAifL5zVN87pQBTpR2JS2eq783ciKMmYjYTQpiR2bZm4n/eb3MJrdRzmSaWZB08VCScWwVngWAB0wDtXziCKGauVsxHRFNqHUxlV0IwfKXV0m7Xgsua/WHq2rjuoijhE7RGbpAAbpBDXSPmqiFKErRM3pFb17mvXjv3sdidM0rdk7QH3ifPyFSkbQ=</latexit>

!!
<latexit sha1_base64="qspqkhEDYttznfHkGql7o3giuC8=">AAAB83icbVDLSgMxFM34rPVVdekmWARXZaaKuiy4cVnBPqAzlEx6pw3NY0gyQhn6G25cKOLWn3Hn35i2s9DWA/dyOOdecnPilDNjff/bW1vf2NzaLu2Ud/f2Dw4rR8dtozJNoUUVV7obEwOcSWhZZjl0Uw1ExBw68fhu5neeQBum5KOdpBAJMpQsYZRYJ4WhEjAki96vVP2aPwdeJUFBqqhAs1/5CgeKZgKkpZwY0wv81EY50ZZRDtNymBlICR2TIfQclUSAifL5zVN87pQBTpR2JS2eq783ciKMmYjYTQpiR2bZm4n/eb3MJrdRzmSaWZB08VCScWwVngWAB0wDtXziCKGauVsxHRFNqHUxlV0IwfKXV0m7Xgsua/WHq2rjuoijhE7RGbpAAbpBDXSPmqiFKErRM3pFb17mvXjv3sdidM0rdk7QH3ifPyFSkbQ=</latexit>⇢0⇢0

<latexit sha1_base64="yViwj0CiYZKOGeV/dICP1mJMHow=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxUUZcFNy4r2Ad0xpJJM21oJhmSjFCG/oYbF4q49Wfc+Tem01lo64F7OZxzL7k5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3M797hNVmknxYKYJDWI8EixiBBsr+b4ay0d30QfVmlt3c6BV4hWkBgVag+qXP5QkjakwhGOt+56bmCDDyjDC6azip5ommEzwiPYtFTimOsjym2fozCpDFEllSxiUq783MhxrPY1DOxljM9bL3lz8z+unJroJMiaS1FBBFg9FKUdGonkAaMgUJYZPLcFEMXsrImOsMDE2pooNwVv+8irpNOreRb1xf1lrXhVxlOEETuEcPLiGJtxBC9pAIIFneIU3J3VenHfnYzFacoqdY/gD5/MHiJeRUA==</latexit>

• If A dominates: less consistent      ,  contribution from R

contribution from R or statistics?

Data:

from data

Sign of quark dynamics but A or R?

=
Which graph contributes?

i, j = uū or dd̄
<latexit sha1_base64="E0ZZKQ6QPmHEreXlI12hzglPVls=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISWpom6EghuXFewDmlAmk0k7dpIJ8xBKyA+48VfcuFDErXt3/o3TtAutHrhwOOde7r0nSBmVynG+rNLC4tLySnm1sra+sbllb++0JdcCkxbmjItugCRhNCEtRRUj3VQQFAeMdILR1cTv3BMhKU9u1TglfowGCY0oRspIffuAHsM7eAm1FyCR6dyDmSdiyEUOPRgWYpj37apTcwrAv8SdkSqYodm3P72QYx2TRGGGpOy5Tqr8DAlFMSN5xdOSpAiP0ID0DE1QTKSfFd/k8NAoIYy4MJUoWKg/JzIUSzmOA9MZIzWU895E/M/raRVd+BlNUq1IgqeLIs2g4nASDQypIFixsSEIC2puhXiIBMLKBFgxIbjzL/8l7XrNPanVb06rjbNZHGWwB/bBEXDBOWiAa9AELYDBA3gCL+DVerSerTfrfdpasmYzu+AXrI9vvuOatw==</latexit>

<latexit sha1_base64="ogrIAMySehBsN/Y1PI2SR4/HjTc=">AAAB73icbVDLSgMxFM34rPVVdekmWARXJdPKtLMruHFZwT6gHUomzbShmYfJHaGU/oQbF4q49Xfc+TdmpqWoeCBwOOdecs/xEyk0EPJlbWxube/sFvaK+weHR8elk9OOjlPFeJvFMlY9n2ouRcTbIEDyXqI4DX3Ju/70JvO7j1xpEUf3MEu4F9JxJALBKBipN4AJBzpsDUtlUiEGjoMzYjeIbYjrNqpVF9u5RUgZrWDmPwejmKUhj4BJqnXfJgl4c6pAMMkXxUGqeULZlI5539CIhlx78/zeBb40yggHsTIvApyrPzfmNNR6FvpmMqQw0X+9TPzP66cQNLy5iJIUeMSWHwWpxBDjLDweCcUZyJkhlClhbsVsQhVlYCoq5iW4Ndut1rLsjkPs+jr7mnSqFdupOHfX5aazqqOAztEFukI2qqMmukUt1EYMSfSEXtCr9WA9W2/W+3J0w1rtnKFfsD6+AWvDkF0=</latexit>

✓P

and

Could profit from more precise data…

  Consistent results
   which agree with
<latexit sha1_base64="rE+/Xsfhtz37Ju1vfidaoNx8OI0=">AAACBXicbZA7SwNBFIVn4yvG16qlFoNBsDHspog2QsDGMgHzgOy6zE4myZDZBzN3hbCksbG28S9oY6GIrb2lnfhnnDwKTTww8HHuvdw5148FV2BZX0ZmYXFpeSW7mltb39jcMrd36ipKJGU1GolINn2imOAhqwEHwZqxZCTwBWv4/fNRvXHNpOJReAmDmLkB6Ya8wykBbXnmvgM9BsSr4DN8jG3rysIORBqLGj0zbxWssfA82FPIl5er3x/3dw8Vz/x02hFNAhYCFUSplm3F4KZEAqeCDXNOolhMaJ90WUtjSAKm3HScYogPtdPGnUjqFwIeu78nUhIoNQh83RkQ6KnZ2sj8r9ZKoHPqpjyME2AhnSzqJALrnKOT4DaXjIIYaCBUcv1XTHtEEgr6cDl9BHs28jzUiwW7VChV7Xy5iCbKoj10gI6QjU5QGV2gCqohim7QI3pGL8at8WS8Gm+T1owxndlFf2S8/wDstZlb</latexit>

✓P = �100 ! �200

Sign of quark dynamics

• Several charged two-body processes are not understood
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Violation of the OZI rule

Apart from phase space factors = 5 x 10-3

Assuming no        in the nucleon: OZI rule suppresses     production ss̄
<latexit sha1_base64="eYjbjnBSsRjZZrIJI9zLu5gJko4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbRqVe+iWru/rNSv8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdwgZAx</latexit>

�⇡0
<latexit sha1_base64="T5bmoE84ruUeaLHfF+IPuq5iCtI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV1GPBi8cK9kO6a8mm2TY0yYYkK5TSX+HFgyJe/Tne/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLGwVt3d29/ZLB4dNk2aa0AZJearbMTaUM0kblllO20pTLGJOW/HwZuq3nqg2LJX3dqRoJHBfsoQRbJ30EKoBCxV79Lulsl/xZ0DLJMhJGXLUu6WvsJeSTFBpCcfGdAJf2WiMtWWE00kxzAxVmAxxn3YclVhQE41nB0/QqVN6KEm1K2nRTP09McbCmJGIXafAdmAWvan4n9fJbHIdjZlUmaWSzBclGUc2RdPvUY9pSiwfOYKJZu5WRAZYY2JdRkUXQrD48jJpVivBeaV6d1GuXeZxFOAYTuAMAriCGtxCHRpAQMAzvMKbp70X7937mLeuePnMEfyB9/kDgZqQLA==</latexit>

�
<latexit sha1_base64="iwSDH1zqEZaHi1AyKW3v+7D0J8k=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vjw4rGCaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3k99KRIP1K1a25c5BV4hWkCgWa/cpXb5CwLOYKmaTGdD03xSCnGgWTfFruZYanlI3pkHctVTTmJsjnx07JuVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoNcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzKdsQvOWXV0mrXvMua/WHq2rjuoijBKdwBhfgwQ004B6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w9oQY5h</latexit>

!⇡0
<latexit sha1_base64="wO/CTSDw2J8xsBW6Qu9mEu475Qg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqqMeCF48V7AcksWy2k3bpbjbsboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmKLSp5FL1IqKBswTahhkOvVQBERGHbjS+nfndJ1CayeTBTFIIBRkmLGaUGCv5gRQwJEHKHt1+tebW3TnwKvEKUkMFWv3qVzCQNBOQGMqJ1r7npibMiTKMcphWgkxDSuiYDMG3NCECdJjPT57iM6sMcCyVrcTgufp7IidC64mIbKcgZqSXvZn4n+dnJr4Jc5akmYGELhbFGcdG4tn/eMAUUMMnlhCqmL0V0xFRhBqbUsWG4C2/vEo6jbp3UW/cX9aaV0UcZXSCTtE58tA1aqI71EJtRJFEz+gVvTnGeXHenY9Fa8kpZo7RHzifPwJOkQg=</latexit>

 e.g.

f(�X)

f(!X)
= tan2(✓ � ✓i)

<latexit sha1_base64="P0Yxo1RYLiLqHqUgC7CG24zj12k="></latexit>

V
B
B

✓V
<latexit sha1_base64="ND4+/jo5o0LsFFVykft+NC3UN8o=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mqqMeCF48V7Ae0oWy2k3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2E2gjYvWAkwT8iA2VCAVnaKVOD0eArN/qlytu1Z2DrhIvJxWSo9Evf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn83un9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ09TwdCA0c5sYRxLeytlI+YZhxtRCUbgrf88ipp1areRbV2f1mpX+VxFMkJOSXnxCPXpE7uSIM0CSeSPJNX8uY8Oi/Ou/OxaC04+cwx+QPn8wcDPI/p</latexit>

� =
1p
2
(uū+ dd̄) sin(✓i � ✓V )� ss̄ cos(✓i � ✓V )

<latexit sha1_base64="/Zoy07NUaUqrJhsSv8WpLnrOi8A="></latexit>

! =
1p
2
(uū+ dd̄) cos(✓i � ✓V ) + ss̄ sin(✓i � ✓V )

<latexit sha1_base64="dcLMi9wR0h9IKFO+w9GMHP+HdmY="></latexit>

is close to 

: vector mixing angle

From K⇤, ⇢,!,�
<latexit sha1_base64="HdZaVIceh/LsBnciNnV1zGumrTg=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLICJlpoq6LLgR3FSwD2jHkkkzndA8hiQjlKEbf8WNC0Xc+hnu/BvTdhZaPZDcwzn3ktwTJoxq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKp2iDRhVJCGoYaRdqII4iEjrXB4NfFbD0RpKsWdGSUk4GggaEQxMlbquXs398cnsKtiaW/JyQDZmsS055a9ijcF/Ev8nJRBjnrP/ez2JU45EQYzpHXH9xITZEgZihkZl7qpJgnCQzQgHUsF4kQH2XSBMTy0Sh9GUtkjDJyqPycyxLUe8dB2cmRiPe9NxP+8TmqiyyCjIkkNEXj2UJQyaCScpAH7VBFs2MgShBW1f4U4RgphYzMr2RD8+ZX/kma14p9Wqrdn5dp5HkcR7IMDcAR8cAFq4BrUQQNgMAZP4AW8Oo/Os/PmvM9aC04+swt+wfn4BkujlOc=</latexit>

masses:

decoupling ! ' 1p
2
(dd̄+ uū)

<latexit sha1_base64="GIvxGJYvfMGTI9Rfrm7SUA7a+Ew=">AAACHHicbZDLSsNAFIYnXmu9VV26GSxCRShJK+qy4MZlBXuBppTJ5KQdOpOkMxOhhDyIG1/FjQtF3LgQfBunl4W2/jDw8Z9zOHN+L+ZMadv+tlZW19Y3NnNb+e2d3b39wsFhU0WJpNCgEY9k2yMKOAuhoZnm0I4lEOFxaHnDm0m99QBSsSi81+MYuoL0QxYwSrSxeoWqGwnoE+wqJmCE3UASmjpZ6qqR1Gkly0q+6xGZ+tl5MoUkO+sVinbZngovgzOHIpqr3it8un5EEwGhppwo1XHsWHdTIjWjHLK8myiICR2SPnQMhkSA6qbT4zJ8ahwfB5E0L9R46v6eSIlQaiw80ymIHqjF2sT8r9ZJdHDdTVkYJxpCOlsUJBzrCE+Swj6TQDUfGyBUMvNXTAfE5KNNnnkTgrN48jI0K2WnWq7cXRRrl/M4cugYnaASctAVqqFbVEcNRNEjekav6M16sl6sd+tj1rpizWeO0B9ZXz/ROaJq</latexit>

� ' �ss̄
<latexit sha1_base64="dMT7s7HjsGHZR8iH0WpTGhlHdw0=">AAAB/nicbVC7SgNBFL0bXzG+NoqNNoNBsDHsRlDLgI1lBPOAbAizk9lkyOzsOjMrhCXgD/gRNhaKaOkv2Nr5IfZOHoUmHrhwOOde7r3HjzlT2nG+rMzC4tLySnY1t7a+sbll57drKkokoVUS8Ug2fKwoZ4JWNdOcNmJJcehzWvf7FyO/fkulYpG41oOYtkLcFSxgBGsjte1dL+4xT7GQ3qBjpDwfy1QN23bBKTpjoHniTkmhnL+3v/c+3ipt+9PrRCQJqdCEY6WarhPrVoqlZoTTYc5LFI0x6eMubRoqcEhVKx2fP0SHRumgIJKmhEZj9fdEikOlBqFvOkOse2rWG4n/ec1EB+etlIk40VSQyaIg4UhHaJQF6jBJieYDQzCRzNyKSA9LTLRJLGdCcGdfnie1UtE9KZau3EL5FCbIwj4cwBG4cAZluIQKVIFACg/wBM/WnfVovVivk9aMNZ3ZgT+w3n8Ai3aY3A==</latexit>

i

 e.g.

di
sc

on
ne

ct
ed

O
ZI

 fo
rb

id
de

n

As before, now for
vector mesons:

<latexit sha1_base64="CDmkEWszx5RFcJb/a70cMps4Aa0=">AAAB73icbZA9SwNBEIbnosYYv6KWNodBsAp3KaJlwMYyAfMByRH2NnvJkr29c3dOCEd+hBZaKGIn/hVLO/HPuPkoNPGFhYf3nWFnxo8F1+g4X1ZmbX0ju5nbym/v7O7tFw4OmzpKFGUNGolItX2imeCSNZCjYO1YMRL6grX80eU0b90ypXkkr3EcMy8kA8kDTgkaq93FIUPSa/YKRafkzGSvgruAYjVb//54uHur9Qqf3X5Ek5BJpIJo3XGdGL2UKORUsEm+m2gWEzoiA9YxKEnItJfO5p3Yp8bp20GkzJNoz9zfHSkJtR6HvqkMCQ71cjY1/8s6CQYXXsplnCCTdP5RkAgbI3u6vN3nilEUYwOEKm5mtemQKELRnChvjuAur7wKzXLJrZQqdbdYLcNcOTiGEzgDF86hCldQgwZQEHAPT/Bs3ViP1ov1Oi/NWIueI/gj6/0Hb/mT8w==</latexit>

✓V

� ' �ss̄
<latexit sha1_base64="dMT7s7HjsGHZR8iH0WpTGhlHdw0=">AAAB/nicbVC7SgNBFL0bXzG+NoqNNoNBsDHsRlDLgI1lBPOAbAizk9lkyOzsOjMrhCXgD/gRNhaKaOkv2Nr5IfZOHoUmHrhwOOde7r3HjzlT2nG+rMzC4tLySnY1t7a+sbll57drKkokoVUS8Ug2fKwoZ4JWNdOcNmJJcehzWvf7FyO/fkulYpG41oOYtkLcFSxgBGsjte1dL+4xT7GQ3qBjpDwfy1QN23bBKTpjoHniTkmhnL+3v/c+3ipt+9PrRCQJqdCEY6WarhPrVoqlZoTTYc5LFI0x6eMubRoqcEhVKx2fP0SHRumgIJKmhEZj9fdEikOlBqFvOkOse2rWG4n/ec1EB+etlIk40VSQyaIg4UhHaJQF6jBJieYDQzCRzNyKSA9LTLRJLGdCcGdfnie1UtE9KZau3EL5FCbIwj4cwBG4cAZluIQKVIFACg/wBM/WnfVovVivk9aMNZ3ZgT+w3n8Ai3aY3A==</latexit>

because
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Very large OZI violation at rest with almost
any     X in liquid H2 (and low energy pn, np)

OZI

Obelix

Crystal Barrel 

Bubble chamber
Asterix

X�/X!, X = �,⇡0...
<latexit sha1_base64="P1mmmv8HdnZyIcAszU3AJb0L8F0=">AAACC3icbZDNSsNAFIUn9a/Wv6hLN0OL4EJiUkXdCAU3LivYNtDEMplO0qEzSZiZCCV078ZXceNCEbe+gDvfxmmbhbYeGPg4917u3BOkjEpl299GaWl5ZXWtvF7Z2Nza3jF399oyyQQmLZywRLgBkoTRmLQUVYy4qSCIB4x0guH1pN55IELSJL5To5T4HEUxDSlGSls9s+p66YCeuF7CSYSOoXvlRYhzTV5K721oWVbPrNmWPRVcBKeAGijU7JlfXj/BGSexwgxJ2XXsVPk5EopiRsYVL5MkRXiIItLVGCNOpJ9PbxnDQ+30YZgI/WIFp+7viRxxKUc80J0cqYGcr03M/2rdTIWXfk7jNFMkxrNFYcagSuAkGNingmDFRhoQFlT/FeIBEggrHV9Fh+DMn7wI7brlnFr127Na47yIowwOQBUcAQdcgAa4AU3QAhg8gmfwCt6MJ+PFeDc+Zq0lo5jZB39kfP4AoyeY0Q==</latexit>

<latexit sha1_base64="QfZXR8Iyv8cMZQX/OmH1BzIk+Is=">AAAB63icbVDLSgMxFM3UV62vqks3wSK4KjOtTO2u4MZlBfuAdiiZNNMJTTJDkhHK0F9w40IRt/6QO//GzHQovg4EDufcS+45fsyo0rb9aZU2Nre2d8q7lb39g8Oj6vFJX0WJxKSHIxbJoY8UYVSQnqaakWEsCeI+IwN/fpP5gwciFY3EvV7ExONoJmhAMdKZNI5DOqnW7LqdA/4lTkFqoEB3Uv0YTyOccCI0ZkipkWPH2kuR1BQzsqyME0VihOdoRkaGCsSJ8tL81iW8MMoUBpE0T2iYq983UsSVWnDfTHKkQ/Xby8T/vFGig2svpSJONBF49VGQMKgjmAWHUyoJ1mxhCMKSmlshDpFEWJt6KnkJ7abTbjRN9rbr2k5rnX1N+o2649bdu6taxy3qKIMzcA4ugQNaoANuQRf0AAYheATP4MXi1pP1ar2tRktWsXMKfsB6/wIrlI50</latexit>

�

Possible explanation (among others):

e.g.  C(1480) ⇡�p ! Cn,C ! �⇡0
<latexit sha1_base64="WcGdIrZidy2nVTpbC3Hg/GUE84I=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQstMFRRXhW5cVrAP6Iwlk2ba0EwmJBmhDN258VfcuFDErb/gzr8x085CWw8EDufcy805gWBUacf5tgpLyyura8X10sbm1vaOvbvXUnEiMWnimMWyEyBFGOWkqalmpCMkQVHASDsY1TO//UCkojG/02NB/AgNOA0pRtpIPfvQE/T+TEBPx7AO+SmsZ8wTQ5oZTs8uOxVnCrhI3JyUQY5Gz/7y+jFOIsI1ZkiprusI7adIaooZmZS8RBGB8AgNSNdQjiKi/HSaYwKPjdKHYSzN4xpO1d8bKYqUGkeBmYyQHqp5LxP/87qJDq/8lHKRaMLx7FCYMGiiZqXAPpUEazY2BGFJzV8hHiKJsDbVlUwJ7nzkRdKqVtzzSvX2oly7zusoggNwBE6ACy5BDdyABmgCDB7BM3gFb9aT9WK9Wx+z0YKV7+yDP7A+fwBDQZeh</latexit>

!⇡0
<latexit sha1_base64="VrlRmtBGqpmLUIMhJ6RGUPjiUQg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoHgqePFYwX5AEstmO2mX7mbD7kYooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0tr6xuVXeruzs7u0fVA+POlpmikKbSi5VLyIaOEugbZjh0EsVEBFx6Ebj25nffQKlmUwezCSFUJBhwmJGibGSH0gBQxKk7NHtV2tu3Z0DrxKvIDVUoNWvfgUDSTMBiaGcaO17bmrCnCjDKIdpJcg0pISOyRB8SxMiQIf5/OQpPrPKAMdS2UoMnqu/J3IitJ6IyHYKYkZ62ZuJ/3l+ZuLrMGdJmhlI6GJRnHFsJJ79jwdMATV8YgmhitlbMR0RRaixKVVsCN7yy6uk06h7F/XG/WWteVPEUUYn6BSdIw9doSa6Qy3URhRJ9Ixe0ZtjnBfn3flYtJacYuYY/YHz+QMDgpEM</latexit>

not seen

No violation of OZI rule

close to NN threshold, candidates near 2mp…: 

,

tetraquark states?sqs̄q̄
<latexit sha1_base64="jUX1M6s5CWH2AFY4JmosWrS/Kd0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV1GXBjcsK9gFtKJPppB06maQzk0IJ+RM3LhRx65+482+cpllo64HLPZxzL3Pn+DFnSjvOt1Xa2Nza3invVvb2Dw6P7OOTtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yf3C78yoVCwST3oeUy/EI8ECRrA20sC21bTvY5mqLG/TbGBXnZqTA60TtyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvDS/PEMXRhmiIJKmhEa5+nsjxaFS89A3kyHWY7XqLcT/vF6igzsvZSJONBVk+VCQcKQjtIgBDZmkRPO5IZhIZm5FZIwlJtqEVTEhuKtfXiftes29qtUfr6uNmyKOMpzBOVyCC7fQgAdoQgsIzOAZXuHNSq0X6936WI6WrGLnFP7A+vwBZa+UHQ==</latexit>

Very large           ��
<latexit sha1_base64="6SSopKtD4PPfzzgD/Z5STtiy+VI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV1GPBi8cK9gObUCbbTbt0dxN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZelHKmjed9O4W19Y3NreJ2aWd3b/+gfHjU0kmmCG2ShCeqE6GmnEnaNMxw2kkVRRFx2o5GtzO//USVZol8MOOUhgIHksWMoLHSYzBAITBIh6xXrnhVbw53lfg5qUCORq/8FfQTkgkqDeGoddf3UhNOUBlGOJ2WgkzTFMkIB7RrqURBdTiZXzx1z6zSd+NE2ZLGnau/JyYotB6LyHYKNEO97M3E/7xuZuKbcMJkmhkqyWJRnHHXJO7sfbfPFCWGjy1Bopi91SVDVEiMDalkQ/CXX14lrVrVv6jW7i8r9as8jiKcwCmcgw/XUIc7aEATCEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/llqQ0g==</latexit>

or �(2170) ! �⇡⇡
<latexit sha1_base64="MgkMKYONAdwGwHsv67MSSjhUcYU=">AAACAnicbVDLSgMxFL3js9bXqCtxEyxC3ZSZKtZlwY3LCvYBnaFk0kwbmskMSUYopbjxV9y4UMStX+HOvzHTzkJbLwmcnHMvN+cECWdKO863tbK6tr6xWdgqbu/s7u3bB4ctFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQejm0xvP1CpWCzu9TihfoQHgoWMYG2onn3sJUNWrro159zTMcpeXpKdYs8uORVnVmgZuDkoQV6Nnv3l9WOSRlRowrFSXddJtD/BUjPC6bTopYommIzwgHYNFDiiyp/MLEzRmWH6KIyluUKjGft7YoIjpcZRYDojrIdqUcvI/7RuqsNrf8JEkmoqyHxRmHJkzGZ5oD6TlGg+NgATycxfERliiYk2qWUhuIuWl0GrWnEvKtW7y1L9Ko+jACdwCmVwoQZ1uIUGNIHAIzzDK7xZT9aL9W59zFtXrHzmCP6U9fkD2yGVxQ==</latexit>

well established meson

in

10x

OZI violation!

8
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for both pp                  I = 0 and 1

9

I = 0

Bound states and resonances (“baryonium”) 
are predicted in the NN system due to the 
attractive short range force. 

NN potential =
NN potential x G-parity of exchanged meson M

 r contributes repulsion in I = 1

Deeply bound: isospin 0 (charge neutral states)

Short distance central force is attractive for  and s !
<latexit sha1_base64="JV2HCnRaP6s28JAOnjmh7rp81d4=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGUY8BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTGN2HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0qpVg4tq7f6yUr/K4yiiE3SKzlGArlEd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPjeOPEw==</latexit>

0++

1- -

2++

90
re

so
na

nc
es

Binding energy [GeV]

bo
un

d 
st

at
es

1.0

-1.0
I = 0

e.g. Paris potential

M

in flight
p > 0 MeV/c

at rest

pp: I = 0 and 1

pn or np: I = 1 only 

Bound states and resonances of NN systems

Isospin I:

isospin
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ASTERIX (gas)
Importance of P-wave (L=1) annihilation, an example

<latexit sha1_base64="tPctYNE5R+latT06FsKyAZYZpIo=">AAACBHicbVDLSgMxFM34rPU16rKbYBEEscwUX8uCG5cV7AM6Y8mkmTY0k4QkI5ShCzf+ihsXirj1I9z5N2baLrT1QC6Hc+7l5p5IMqqN5307S8srq2vrhY3i5tb2zq67t9/UIlWYNLBgQrUjpAmjnDQMNYy0pSIoiRhpRcPr3G89EKWp4HdmJEmYoD6nMcXIWKnrlmAQIZXJsQyMCCS9P8nLaV68rlv2Kt4EcJH4M1IGM9S77lfQEzhNCDeYIa07vidNmCFlKGZkXAxSTSTCQ9QnHUs5SogOs8kRY3hklR6MhbKPGzhRf09kKNF6lES2M0FmoOe9XPzP66QmvgozymVqCMfTRXHKoBEwTwT2qCLYsJElCCtq/wrxACmEjc2taEPw509eJM1qxb+onN+elWvVWRwFUAKH4Bj44BLUwA2ogwbA4BE8g1fw5jw5L8678zFtXXJmMwfgD5zPHyY6l7w=</latexit>

p̄p ! ⇡+⇡�⇡0

f2(1270)
<latexit sha1_base64="E2hvD2ayXzCTo6TcCwJzr3JbgGY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUTUlG6WNXcOOygn1IO5RMmmlDM5khyQhl6Fe4caGIWz/HnX9jpq2gogcuHM65l3vv8WPBtUHow8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSPZ9oJrhkbcONYL1YMRL6gnX96VXmd++Z0jySt2YWMy8kY8kDTomx0l0wdMvYraHzYbGEKgghjDHMCK5VkSWNRt3FdYgzy6IEVmgNi++DUUSTkElDBdG6j1FsvJQow6lg88Ig0SwmdErGrG+pJCHTXro4eA7PrDKCQaRsSQMX6veJlIRaz0LfdobETPRvLxP/8vqJCepeymWcGCbpclGQCGgimH0PR1wxasTMEkIVt7dCOiGKUGMzKtgQvj6F/5OOW8EXFffmstSsruLIgxNwCsoAgxpogmvQAm1AQQgewBN4dpTz6Lw4r8vWnLOaOQY/4Lx9As+SjxQ=</latexit>

f2(1565)
<latexit sha1_base64="7mRVdteyDXdcyT20t4DbMxu1hMA=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBahXkKSpmm9Fbx4rGBbpQ1ls920S3eTsLsRSuiv8OJBEa/+HG/+GzdtBRV9MPB4b4aZeUHCqFSW9WEU1tY3NreK26Wd3b39g/LhUVfGqcCkg2MWi9sAScJoRDqKKkZuE0EQDxjpBdPL3O/dEyFpHN2oWUJ8jsYRDSlGSkt34dCp2nWvfj4sVyzzouk5rgct07IatmPnxGm4NRfaWslRASu0h+X3wSjGKSeRwgxJ2betRPkZEopiRualQSpJgvAUjUlf0whxIv1scfAcnmllBMNY6IoUXKjfJzLEpZzxQHdypCbyt5eLf3n9VIVNP6NRkioS4eWiMGVQxTD/Ho6oIFixmSYIC6pvhXiCBMJKZ1TSIXx9Cv8nXce0a6Zz7VZa3iqOIjgBp6AKbNAALXAF2qADMODgATyBZ0MYj8aL8bpsLRirmWPwA8bbJ+1Tjyc=</latexit>

liquid hydrogen (BBC)

ASTERIX (gas)

neutral mode: I = 0L=1

no charged mode

stopping p

2++, neutral, m=1565, G=134 MeV, 
new, no space left in the 2++ qq nonet!

Well established state , observed by several experiments
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1420
<latexit sha1_base64="WVAETZB0/iADXSUdpK9UO1JZUMw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tc2u4MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFjc2t7Z3ibmlv/+DwqHx80lVxKjHp4JjFsh8iRRgVpKOpZqSfSIJ4yEgvnF3nfu+eSEVjcafnCQk4mggaUYx0Lrk1zxmVK47tN+v1ahM6tuP4nt8wxPd9t+FC1yg5KmCN9qj8PhzHOOVEaMyQUgPXSXSQIakpZmRRGqaKJAjP0IQMDBWIExVky1sX8MIoYxjF0pTQcKl+n8gQV2rOQ9PJkZ6q314u/uUNUh01g4yKJNVE4NWiKGVQxzB/HI6pJFizuSEIS2puhXiKJMLaxFMyIXx9Cv8nXc92q7Z3W6u0rtZxFMEZOAeXwAUN0AI3oA06AIMpeABP4Nni1qP1Yr2uWgvWeuYU/ID19gld7I3G</latexit>

M = 1420± 20,� = 100± 10
<latexit sha1_base64="9uikcYeqN48xkx5JwHBdhyv6fqU=">AAACDXicbZDLSgMxFIYzXmu9jbp0E6yCCymZsagboeBCN0IFe4HOUDJppg1NZoYkI5TSF3Djq7hxoYhb9+58GzPtLLT1h8DPd87h5PxBwpnSCH1bC4tLyyurhbXi+sbm1ra9s9tQcSoJrZOYx7IVYEU5i2hdM81pK5EUi4DTZjC4yurNByoVi6N7PUyoL3AvYiEjWBvUsQ9v4SV0Ki6CXiKgi06gd42FwBlFU+igjl1CZTQRnDdObkogV61jf3ndmKSCRppwrFTbQYn2R1hqRjgdF71U0QSTAe7RtrERFlT5o8k1Y3hkSBeGsTQv0nBCf0+MsFBqKALTKbDuq9laBv+rtVMdXvgjFiWpphGZLgpTDnUMs2hgl0lKNB8ag4lk5q+Q9LHERJsAiyYEZ/bkedNwy85p2b2rlKpneRwFsA8OwDFwwDmoghtQA3VAwCN4Bq/gzXqyXqx362PaumDlM3vgj6zPH8IIluo=</latexit>

n̄p ! ⇡+⇡�⇡+
<latexit sha1_base64="0CmvTP4oLE+fKuMV7SQMuBNLHGU=">AAACBHicbVDNS8MwHE39nPOr6nGX4BAEcbRT1OPAi8cJ7gPWOtIs3cLSNCSpMMoOXvxXvHhQxKt/hDf/G9OuB918kPB47/cjeS8QjCrtON/W0vLK6tp6aaO8ubW9s2vv7bdVnEhMWjhmsewGSBFGOWlpqhnpCklQFDDSCcbXmd95IFLRmN/piSB+hIachhQjbaS+XfECJFM+FZ6OoSfo/Ul2neasb1edmpMDLhK3IFVQoNm3v7xBjJOIcI0ZUqrnOkL7KZKaYkamZS9RRCA8RkPSM5SjiCg/zUNM4ZFRBjCMpTlcw1z9vZGiSKlJFJjJCOmRmvcy8T+vl+jwyk8pF4kmHM8eChMGTeCsETigkmDNJoYgLKn5K8QjJBHWpreyKcGdj7xI2vWae1ar355XGxdFHSVQAYfgGLjgEjTADWiCFsDgETyDV/BmPVkv1rv1MRtdsoqdA/AH1ucPHf6Xsw==</latexit>

1420
<latexit sha1_base64="WVAETZB0/iADXSUdpK9UO1JZUMw=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tc2u4MZlBfuANpTJdNIOnZmEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFjc2t7Z3ibmlv/+DwqHx80lVxKjHp4JjFsh8iRRgVpKOpZqSfSIJ4yEgvnF3nfu+eSEVjcafnCQk4mggaUYx0Lrk1zxmVK47tN+v1ahM6tuP4nt8wxPd9t+FC1yg5KmCN9qj8PhzHOOVEaMyQUgPXSXSQIakpZmRRGqaKJAjP0IQMDBWIExVky1sX8MIoYxjF0pTQcKl+n8gQV2rOQ9PJkZ6q314u/uUNUh01g4yKJNVE4NWiKGVQxzB/HI6pJFizuSEIS2puhXiKJMLaxFMyIXx9Cv8nXc92q7Z3W6u0rtZxFMEZOAeXwAUN0AI3oA06AIMpeABP4Nni1qP1Yr2uWgvWeuYU/ID19gld7I3G</latexit> OBELIX

A. Filippi et al., Phys. Lett. B495 (2000) 284 

L = 1 can also be reached with annihilation at low momenta, below ~200 MeV/c

Benefit of in flight annihilation, an example using antineutrons: 

MeV
<latexit sha1_base64="iXi+rDoLEieWWmOGi28x/+N888w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSIIQtktUr0IBS/iqYL9wHZbsmm2Dc0mS5IVytJ/4cWDIl79N978N6btHrT1wcDjvRlm5gUxZ9q47rezsrq2vrGZ28pv7+zu7RcODhtaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwehm6jefqNJMigczjqkf4YFgISPYWOnxrltD6Bq53fNeoeiW3BnQMvEyUoQMtV7hq9OXJImoMIRjrdueGxs/xcowwukk30k0jTEZ4QFtWypwRLWfzi6eoFOr9FEolS1h0Ez9PZHiSOtxFNjOCJuhXvSm4n9eOzHhlZ8yESeGCjJfFCYcGYmm76M+U5QYPrYEE8XsrYgMscLE2JDyNgRv8eVl0iiXvEqpcn9RrJazOHJwDCdwBh5cQhVuoQZ1ICDgGV7hzdHOi/PufMxbV5xs5gj+wPn8AQUWjyc=</latexit>

JP = 0+

Doubly charged, hence not a quark-antiquark state (tetraquark?)

11

p̄p ! 2++ (baryonium) ⇡0
<latexit sha1_base64="SCcWMk4tazrISW/R3E6+lDklQWk=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoFMtMFXVZcOOygn1Apy2ZNG1Dk0xIMkIZ5ivc+CtuXCjiVtz5N6aPhbYeuHA4517uvSeUjGrjed9OZmV1bX0ju5nb2t7Z3XP3D+o6ihUmNRyxSDVDpAmjgtQMNYw0pSKIh4w0wtHNxG88EKVpJO7NWJI2RwNB+xQjY6WuexaESCUylYGJYLmTFItpAAtJoDi0xjgSNObpaQBhIGnH67p5r+RNAZeJPyd5MEe1634FvQjHnAiDGdK65XvStBOkDMWMpLkg1kQiPEID0rJUIE50O5m+lcITq/RgP1K2hIFT9fdEgrjWYx7aTo7MUC96E/E/rxWb/nU7oULGhgg8W9SPGbQRTDKCPaoINmxsCcKK2lshHiKFsLFJ5mwI/uLLy6ReLvnnpfLdRb5yOY8jC47AMSgAH1yBCrgFVVADGDyCZ/AK3pwn58V5dz5mrRlnPnMI/sD5/AGsh55g</latexit>

?Is this f2(1565) the predicted bound state?

<latexit sha1_base64="npVUkycZR0bNU71uc7GuLA3ssDM=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7K7MeCRxItHTAQ0sCHd0oWGtrtpuyZkw6/w4kFjvPpzvPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+fdHScKkLbJOaxegixppxJ2jbMcPqQKIpFyGk3nNzM/e4TVZrF8t5MExoIPJIsYgQbKz1GA7/q+Q33clCuuDV3AbROvJxUIEdrUP7qD2OSCioN4VjrnucmJsiwMoxwOiv1U00TTCZ4RHuWSiyoDrLFwTN0YZUhimJlSxq0UH9PZFhoPRWh7RTYjPWqNxf/83qpia6DjMkkNVSS5aIo5cjEaP49GjJFieFTSzBRzN6KyBgrTIzNqGRD8FZfXicdv+bVa/W7q0rTz+MowhmcQxU8aEATbqEFbSAg4Ble4c1Rzovz7nwsWwtOPnMKf+B8/gCDrI7h</latexit>

f2(1270)
<latexit sha1_base64="UnRHkg7EWPQWKMhPc8JZPPGGo0U=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPAi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84m+xBEwsaiqpuuruihDNjff/b29jc2t7ZLe2V9w8Oj44rJ6cdo1JNaJsornQvwoZyJmnbMstpL9EUi4jTbjS9y/3uE9WGKfloZwkNBR5LFjOCbS4N9EQNK1W/5i+A1klQkCoUaA0rX4ORIqmg0hKOjekHfmLDDGvLCKfz8iA1NMFkise076jEgpowW9w6R5dOGaFYaVfSooX6eyLDwpiZiFynwHZiVr1c/M/rpza+DTMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fsQghWX14nnXotaNQaD9fVZr2IowTncAFXEMANNOEeWtAGAhN4hld484T34r17H8vWDa+YOYM/8D5/AB5ujkI=</latexit>⇢

<latexit sha1_base64="u45F3gdmFZ0UM7BZlz5PoiuY1B8=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0Wom5DEpja7ghuXFexD2lAm00k7dCYJMxOhhH6FGxeKuPVz3Pk3TtoKKnrgwuGce7n3niBhVCrL+jAKa+sbm1vF7dLO7t7+QfnwqCPjVGDSxjGLRS9AkjAakbaiipFeIgjiASPdYHqV+917IiSNo1s1S4jP0TiiIcVIaekuHDpV262758NyxTK9huvWHGiZluXV3AtNPM+zGza0tZKjAlZoDcvvg1GMU04ihRmSsm9bifIzJBTFjMxLg1SSBOEpGpO+phHiRPrZ4uA5PNPKCIax0BUpuFC/T2SISznjge7kSE3kby8X//L6qQobfkajJFUkwstFYcqgimH+PRxRQbBiM00QFlTfCvEECYSVzqikQ/j6FP5POo5p1836Ta3SdFZxFMEJOAVVYINL0ATXoAXaAAMOHsATeDaE8Wi8GK/L1oKxmjkGP2C8fQISF49D</latexit>

f2(1565)

new

<latexit sha1_base64="MGyqaulPM98y052URZdl7uZHZNQ=">AAAB/XicbZDLSsNAFIZP6q3WW73s3AwWwVVJilSXBTcuK9gLNKFMppN26GQSZiZCDcFXceNCEbe+hzvfxmmahbb+MPDxn3OYc34/5kxp2/62SmvrG5tb5e3Kzu7e/kH18KirokQS2iERj2Tfx4pyJmhHM81pP5YUhz6nPX96M6/3HqhULBL3ehZTL8RjwQJGsDbWsHri+limcRa7OkI5i8zYNbtu50Kr4BRQg0LtYfXLHUUkCanQhGOlBo4day/FUjPCaVZxE0VjTKZ4TAcGBQ6p8tJ8+wydG2eEgkiaJzTK3d8TKQ6VmoW+6Qyxnqjl2tz8rzZIdHDtpUzEiaaCLD4KEo7MpfMo0IhJSjSfGcBEMrMrIhMsMdEmsIoJwVk+eRW6jbrTrDfvLmutRhFHGU7hDC7AgStowS20oQMEHuEZXuHNerJerHfrY9FasoqZY/gj6/MHF7KVmw==</latexit>

p̄p ! n̄n ,
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No low energy data: resonances below 200 MeV/c?

Low energy annihilation cross section on the proton

Antiprotons Antineutrons

T. Bressani, A. Filippi, Phys. Rep. 383 (2003) 213W. Bruckner et al., Z. Phys. A335 (1990) 217

• P-wave strong (attraction)
•

�(n̄p) < �(p̄p)
<latexit sha1_base64="aiMA8Fr6O/6NcvoIC1R4NZ55nCM=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpsxUURcuCm5cVrAP6Awlk2ba0CQzJBmhDP0AN/6KGxeKuPUD3Pk3po9FbT0QOJxzLjf3hAln2rjuj7Oyura+sZnbym/v7O7tFw4OGzpOFaF1EvNYtUKsKWeS1g0znLYSRbEIOW2Gg9ux33ykSrNYPphhQgOBe5JFjGBjpU6h6GvWE7jkh1hlcpScoRs0LyVWsim37E6Alok3I0WYodYpfPvdmKSCSkM41rrtuYkJMqwMI5yO8n6qaYLJAPdo21KJBdVBNjlmhE6t0kVRrOyTBk3U+YkMC62HIrRJgU1fL3pj8T+vnZroOsiYTFJDJZkuilKOTIzGzaAuU5QYPrQEE8XsXxHpY4WJsf3lbQne4snLpFEpe+flyv1FsXo5qyMHx3ACJfDgCqpwBzWoA4EneIE3eHeenVfnw/mcRlec2cwR/IHz9QvNOprJ</latexit>

@ very low energy 

strong attraction in I = 0(~200MeV/c)�(n̄p) ' �(p̄p)
<latexit sha1_base64="Sl5maqbK6UZHE2Y8tflH5GF4MyU=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxC3ZSZKuqy4MZlBXuBzlAyaaYNTTIxyQhl6Cu48VXcuFDErTt3vo1pO4va+kPg5zvncHL+SDKqjef9OCura+sbm4Wt4vbO7t6+e3DY1EmqMGnghCWqHSFNGBWkYahhpC0VQTxipBUNbyb11iNRmibi3owkCTnqCxpTjIxFXbccaNrnqBxESGViLM+gBZw8wHkuLe+6Ja/iTQWXjZ+bEshV77rfQS/BKSfCYIa07vieNGGGlKGYkXExSDWRCA9Rn3SsFYgTHWbTi8bw1JIejBNlnzBwSucnMsS1HvHIdnJkBnqxNoH/1Tqpia/DjAqZGiLwbFGcMmgSOIkH9qgi2LCRNQgrav8K8QAphI0NsWhD8BdPXjbNasU/r1TvLkq1yzyOAjgGJ6AMfHAFauAW1EEDYPAEXsAbeHeenVfnw/mcta44+cwR+CPn6xc7Ep06</latexit>

I = 1 dominance

OBELIXPS173
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Modified by attractive Coulomb force ? Steeper

Disagreement between  OBELIX data 

Difficult experiment at LEAR:  > 43 MeV/c
OBELIX with high pressure target

Physics Letters B 369 (1996) 77-85 
<latexit sha1_base64="CDZl6wbdDkNyB8iccxg12f2bI/w="></latexit>

�(ann)p̄p 6= 1

�PS173

PS 173: flat?

<latexit sha1_base64="2sqrdrFD4oMR3aVccPzjdUJvbGw=">AAACDXicbVC7SgNBFJ31GRMfUcs0g1GITdgVfJRBG8sI5gHZEO5OJsngzOwyMyuEZX9ABH/FxkIRW3s7f8Pawsmj0MQDFw7n3Mu99wQRZ9q47qezsLi0vLKaWcvm1jc2t/LbO3UdxorQGgl5qJoBaMqZpDXDDKfNSFEQAaeN4OZi5DduqdIslNdmGNG2gL5kPUbAWKmT3/cDagD7mvUF4FLiK4FByvSwk/gBqCRKoxR38kW37I6B54k3JcVK4et8NXf/Xe3kP/xuSGJBpSEctG55bmTaCSjDCKdp1o81jYDcQJ+2LJUgqG4n429SfGCVLu6FypY0eKz+nkhAaD0Uge0UYAZ61huJ/3mt2PTO2gmTUWyoJJNFvZhjE+JRNLjLFCWGDy0Bopi9FZMBKCDGBpi1IXizL8+T+lHZOykfX9k0ztAEGVRAe6iEPHSKKugSVVENEXSHHtEzenEenCfn1XmbtC4405ld9AfO+w8tS56e</latexit> �
�
(a
n
n
) p̄

p

OBELIX

Status of  antiproton-proton annihilation cross section:

absorption law for finite range potential

0    50   100   150  200      MeV/c

Needs a low energy beam with narrow momentum byte:

300 MeV/c  <-> 47 MeV
 100 MeV/c   <-> 5.2  MeV

Not clear:  also steeper for antineutron annihilation in nuclei 
(A. Filippi’s talk?)
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<latexit sha1_base64="pSEDAZHQPBJIhCGM4qmEeukkseY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEsSTio8uCG5cV7AOatkymN+3QSTLMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+IIzpR3n21pZXVvf2CxsFbd3dvf27YNSU8WJpNCgMY9l2ycKOIugoZnm0BYSSOhzaPnj26nfegSpWBw96ImAbkiGEQsYJdpIfbvk+USmIhOejjH0zqB33rfLTsWZAS8TNydllKPet7+8QUyTECJNOVGq4zpCd1MiNaMcsqKXKBCEjskQOoZGJATVTWe3Z/jEKAMcxNJUpPFM/T2RklCpSeibzpDokVr0puJ/XifRQbWbskgkGiI6XxQkHJs/p0HgAZNANZ8YQqhk5lZMR0QSqk1cRROCu/jyMmleVNzrytX9ZblWzeMooCN0jE6Ri25QDd2hOmogip7QM3pFb1ZmvVjv1se8dcXKZw7RH1ifP25clAU=</latexit>

p̄p ! e+e�

Electromagnetic form factor of the proton (in the time-like region)

<latexit sha1_base64="BZICF5ErbIyH7dOLqWqayCDmgT8=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV3igyOJF48Y5ZHASmaHWZgwO7vO9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfzsrq2vrGZm4rv72zu7dfODhsmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG11O/+cS1EbG6x1HC/Yj2lQgFo2ilu8eHcrdQdEvuDGSZeBkpQoZat/DV6cUsjbhCJqkxbc9N0B9TjYJJPsl3UsMTyoa0z9uWKhpx449np07IqVV6JIy1LYVkpv6eGNPImFEU2M6I4sAselPxP6+dYljxx0IlKXLF5ovCVBKMyfRv0hOaM5QjSyjTwt5K2IBqytCmk7cheIsvL5NGueRdli5uz4vVShZHDo7hBM7Agyuowg3UoA4M+vAMr/DmSOfFeXc+5q0rTjZzBH/gfP4AAUONmQ==</latexit>

q2 = is the mass2 of the virtual photon = s
= energy2 in c.m.s

(C = Coulomb correction)

<latexit sha1_base64="tEJpp6/cOQpZ25xoPSAuRUJ4q5U=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyUqt0IBTcuK9gHdMYhk2ba0CQzJhmhDMWNv+LGhSJu/Qp3/o1pOwttPXC5h3PuJbknTBhV2nG+raXlldW19cJGcXNre2fX3ttvqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0OryZ++4FIRWNxq0cJ8TnqCxpRjLSRAvvQ0yiFl9CLJMLZ/V1lnFV5kJge2CWn7EwBF4mbkxLI0QjsL68X45QToTFDSnVdJ9F+hqSmmJFx0UsVSRAeoj7pGioQJ8rPpieM4YlRejCKpSmh4VT9vZEhrtSIh2aSIz1Q895E/M/rpjqq+RkVSaqJwLOHopRBHcNJHrBHJcGajQxBWFLzV4gHyIShTWpFE4I7f/IiaVXK7nn57KZaqtfyOArgCByDU+CCC1AH16ABmgCDR/AMXsGb9WS9WO/Wx2x0ycp3DsAfWJ8/Qm6WsQ==</latexit>

⌧ =
q2

4m2
p

Sensitive to VDM: 
vector mesons near threshold

PS170 at LEAR
<latexit sha1_base64="pSEDAZHQPBJIhCGM4qmEeukkseY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEsSTio8uCG5cV7AOatkymN+3QSTLMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+IIzpR3n21pZXVvf2CxsFbd3dvf27YNSU8WJpNCgMY9l2ycKOIugoZnm0BYSSOhzaPnj26nfegSpWBw96ImAbkiGEQsYJdpIfbvk+USmIhOejjH0zqB33rfLTsWZAS8TNydllKPet7+8QUyTECJNOVGq4zpCd1MiNaMcsqKXKBCEjskQOoZGJATVTWe3Z/jEKAMcxNJUpPFM/T2RklCpSeibzpDokVr0puJ/XifRQbWbskgkGiI6XxQkHJs/p0HgAZNANZ8YQqhk5lZMR0QSqk1cRROCu/jyMmleVNzrytX9ZblWzeMooCN0jE6Ri25QDd2hOmogip7QM3pFb1ZmvVjv1se8dcXKZw7RH1ifP25clAU=</latexit>

p̄p ! e+e�

Measurement of the differential cross section as a function q2 gives 
<latexit sha1_base64="cX8qM1AmpEiU9Yv6hGKM+NLhT74=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFcSJkRH10WRHQjVLAPaIeSSTNtaCYTkoxQpv0NNy4UcevPuPNvTNtZaOuByz2ccy+5OYHkTBvX/XaWlldW19ZzG/nNre2d3cLefl3HiSK0RmIeq2aANeVM0JphhtOmVBRHAaeNYHA98RtPVGkWi0czlNSPcE+wkBFsrNQe3XbuR6fItptRp1B0S+4UaJF4GSlChmqn8NXuxiSJqDCEY61bniuNn2JlGOF0nG8nmkpMBrhHW5YKHFHtp9Obx+jYKl0UxsqWMGiq/t5IcaT1MArsZIRNX897E/E/r5WYsOynTMjEUEFmD4UJRyZGkwBQlylKDB9agoli9lZE+lhhYmxMeRuCN//lRVI/K3mXpYuH82KlnMWRg0M4ghPw4AoqcAdVqAEBCc/wCm9O4rw4787HbHTJyXYO4A+czx8VXpEM</latexit>

|GM |, |GE |

Nucl. Phys. B411 (1994) 3

Isobutane

NIM A259 (1987) 376
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900 - 300 MeV/c beam, long hydrogen target
Branching ratio at rest: <latexit sha1_base64="PhMjcFDb6mGkGeHOI/pmKWZwtHA=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQFw4ZtbbLghuXFewDOmPJpGkbmskMSUYoQ3du/BU3LhRx6y+4829M21lo9cCFwzn3cu89QcyZ0gh9Wbml5ZXVtfx6YWNza3vH3t1rqiiRhDZIxCPZDrCinAna0Exz2o4lxWHAaSsYXU391j2VikXiVo9j6od4IFifEayN1LUPS+dOuQq9OITIcdEJ9DQLqYIuuktPK5OuXUQOmgH+JW5GiiBDvWt/er2IJCEVmnCsVMdFsfZTLDUjnE4KXqJojMkID2jHUIHNMj+d/TGBx0bpwX4kTQkNZ+rPiRSHSo3DwHSGWA/VojcV//M6ie5X/ZSJONFUkPmifsKhjuA0FNhjkhLNx4ZgIpm5FZIhlphoE13BhOAuvvyXNM8c99Ip31wUa9Usjjw4AEegBFxQATVwDeqgAQh4AE/gBbxaj9az9Wa9z1tzVjazD37B+vgGsKuWBw==</latexit>

(3.58± 0.10)⇥ 10�7

Small number of events:
assume  

<latexit sha1_base64="UoSqzo0TUrIuaWHICO0zpZ+kqz4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIj26EgkjdCBXsA9pxyKSZNjSTGZKMUob+hxsXirj1X9z5N6btLLT1wOUezrmX3Bw/5kxp2/62ckvLK6tr+fXCxubW9k5xd6+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX94NfFbj1QqFol7PYqpG+K+YAEjWBvpoebdokuEat61aTWvWLLL9hRokTgZKUGGulf86vYikoRUaMKxUh3HjrWbYqkZ4XRc6CaKxpgMcZ92DBU4pMpNp1eP0ZFReiiIpCmh0VT9vZHiUKlR6JvJEOuBmvcm4n9eJ9FBxU2ZiBNNBZk9FCQc6QhNIkA9JinRfGQIJpKZWxEZYImJNkEVTAjO/JcXSfOk7JyXz+5OS9VKFkceDuAQjsGBC6jCDdShAQQkPMMrvFlP1ov1bn3MRnNWtrMPf2B9/gAS4pBF</latexit>

GM = GE = G (strictly true at 2mp)

Normalisation on cross section for 
<latexit sha1_base64="sKvwTC0oUPV30o1jkkYlg7G5lt8=">AAACCHicbVBLSwMxGMz6rPW16tGDwSIItWVXfPRY8CL0UsE+oLst2TTbhmZ3Q5IVytKjF/+KFw+KePUnePPfmG33oK0DCcPM95HMeJxRqSzr21haXlldW89t5De3tnd2zb39poxigUkDRywSbQ9JwmhIGooqRtpcEBR4jLS80U3qtx6IkDQK79WYEzdAg5D6FCOlpZ555HhIJHzCoaMiWOsWa93SGXQ47RbTq9QzC1bZmgIuEjsjBZCh3jO/nH6E44CECjMkZce2uHITJBTFjEzyTiwJR3iEBqSjaYgCIt1kGmQCT7TSh34k9AkVnKq/NxIUSDkOPD0ZIDWU814q/ud1YuVX3ISGPFYkxLOH/JhBnTltBfapIFixsSYIC6r/CvEQCYSV7i6vS7DnIy+S5nnZvipf3l0UqpWsjhw4BMfgFNjgGlTBLaiDBsDgETyDV/BmPBkvxrvxMRtdMrKdA/AHxucPWK6YPQ==</latexit>

p̄p ! K+K�,⇡+⇡�

Low, see next slide

<latexit sha1_base64="UoSqzo0TUrIuaWHICO0zpZ+kqz4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIj26EgkjdCBXsA9pxyKSZNjSTGZKMUob+hxsXirj1X9z5N6btLLT1wOUezrmX3Bw/5kxp2/62ckvLK6tr+fXCxubW9k5xd6+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX94NfFbj1QqFol7PYqpG+K+YAEjWBvpoebdokuEat61aTWvWLLL9hRokTgZKUGGulf86vYikoRUaMKxUh3HjrWbYqkZ4XRc6CaKxpgMcZ92DBU4pMpNp1eP0ZFReiiIpCmh0VT9vZHiUKlR6JvJEOuBmvcm4n9eJ9FBxU2ZiBNNBZk9FCQc6QhNIkA9JinRfGQIJpKZWxEZYImJNkEVTAjO/JcXSfOk7JyXz+5OS9VKFkceDuAQjsGBC6jCDdShAQQkPMMrvFlP1ov1bn3MRnNWtrMPf2B9/gAS4pBF</latexit> G
M

=
G

E
=

G

2mp

<latexit sha1_base64="6yvLDPVjokoQfE03Y1Qe8pHiP5Y=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscwUX8uCG5cV7APbsWTSTBuaZIYkI5Shf+HGhSJu/Rt3/o2ZdhbaeiDhcM693HtPEHOmjet+O0vLK6tr64WN4ubW9s5uaW+/qaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusn81hNVmkXy3oxj6gs8kCxkBBsrPXRj9niafWe9UtmtuFOgReLlpAw56r3SV7cfkURQaQjHWnc8NzZ+ipVhhNNJsZtoGmMywgPasVRiQbWfTjeeoGOr9FEYKfukQVP1d0eKhdZjEdhKgc1Qz3uZ+J/XSUx47adMxomhkswGhQlHJkLZ+ajPFCWGjy3BRDG7KyJDrDAxNqSiDcGbP3mRNKsV77JycXderlXzOApwCEdwAh5cQQ1uoQ4NICDhGV7hzdHOi/PufMxKl5y85wD+wPn8Adb9kFY=</latexit>

⇡+⇡�

e+e-

<latexit sha1_base64="YSHexOLGCxE3miJ9TOYiNTYS1FE=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiAIYpgJbseAFyGXCGaBZBJ6Oj1Jm57uobtHCEP+wYsHRbz6P978GzvLQRMfFDzeq6KqXhBzpo3rfjuZldW19Y3sZm5re2d3L79/UNcyUYTWiORSNQOsKWeC1gwznDZjRXEUcNoIhrcTv/FElWZSPJhRTP0I9wULGcHGSvVK56zSOe/mC27RnQItE29OCjBHtZv/avckSSIqDOFY65bnxsZPsTKMcDrOtRNNY0yGuE9blgocUe2n02vH6MQqPRRKZUsYNFV/T6Q40noUBbYzwmagF72J+J/XSkx446dMxImhgswWhQlHRqLJ66jHFCWGjyzBRDF7KyIDrDAxNqCcDcFbfHmZ1EtF76p4eX9RKJfmcWThCI7hFDy4hjLcQRVqQOARnuEV3hzpvDjvzsesNePMZw7hD5zPH3GKjlo=</latexit>

K+K�

<latexit sha1_base64="seJSogLGSW+XQwkG0Mp72o9niiE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBosgCCUpvpYFNy4r2Ae0IUymk3boZDLMTIQS+hFuXCji1u9x5984TbPQ1gMXDufcy733hJIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk5SRWibJDxRvRBrypmgbcMMpz2pKI5DTrvh5G7ud5+o0iwRj2YqqR/jkWARI9hYqSsD70IGjaBac+tuDrRKvILUoEArqH4NhglJYyoM4VjrvudK42dYGUY4nVUGqaYSkwke0b6lAsdU+1l+7gydWWWIokTZEgbl6u+JDMdaT+PQdsbYjPWyNxf/8/qpiW79jAmZGirIYlGUcmQSNP8dDZmixPCpJZgoZm9FZIwVJsYmVLEheMsvr5JOo+5d168eLmvNRhFHGU7gFM7Bgxtowj20oA0EJvAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8AXiqO5g==</latexit>

p1 + p2

20
00

 M
eV

/c

Background

asymptotic—>

900 MeV/c

<latexit sha1_base64="ymwIFoapU1eD6hGV8eiYC5vvpd0="></latexit>

�(e+e�)

�(⇡+⇡�)
= O(10

�5
)
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Compare BES3 (2021) with PS170

<latexit sha1_base64="bejb+ZRGB8ZiJU7rELK1UX43mtQ=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEsSTio8uCG5cV7AOatkymN+3QSTLMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+IIzpR3n21pZXVvf2CxsFbd3dvf27YNSU8WJpNCgMY9l2ycKOIugoZnm0BYSSOhzaPnj26nfegSpWBw96ImAbkiGEQsYJdpIfbsEvTPonXs6xp5PZCoy0bfLTsWZAS8TNydllKPet7+8QUyTECJNOVGq4zpCd1MiNaMcsqKXKBCEjskQOoZGJATVTWe3Z/jEKAMcxNJUpPFM/T2RklCpSeibzpDokVr0puJ/XifRQbWbskgkGiI6XxQkHJtPp0HgAZNANZ8YQqhk5lZMR0QSqk1cRROCu/jyMmleVNzrytX9ZblWzeMooCN0jE6Ri25QDd2hOmogip7QM3pFb1ZmvVjv1se8dcXKZw7RH1ifP2VolAU=</latexit>

e+e� ! p̄p

Initial state radiation

g

Ratio of form factors:   
• > 1, enhancement at low momentum transfer!??
• PS 170 is much steeper (pp final state interaction?)

Nucl. Phys. A 929 (2014) 102-118

Physics Letters B 817 (2021) 136328 

Ra
tio

 o
f f

or
m

 fa
ct

or
s  

 

?
Important to re-measure at low energy but difficult experiment:
• Electron identification
• ELENA: 100 keV = 13.7 MeV/c  only, needs a DC beam
• AD extraction at 100 MeV/c (or higher), PS170: up to 900 MeV/c
• Up to 3.5 GeV/c: observe the oscillation of the formfactor (BES3)

Time reversed reaction

n
p

3.5 GeV/c
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Summary

Data are needed for:

Annihilation in flight 
    at low momenta with the motivations to investigate:
• the predicted existence of resonances close to the 2MN threshold (p ~< 300 MeV/c),
• the peculiar behaviour of the annihilation cross section close to threshold,
• with antineutrons the presence of resonances and also to disentangle the 

I=1 component (threshold for antineutron production with                : 100 MeV/c),
• the formfactor of the proton/antiproton in the timelike region (possibly up to 3.5 GeV/c).

Annihilation at rest:
• proton-antiproton annihilation has been studied extensively, however the details of the 
    mechanism (e.g. quarks) are not understood, mostly an issue for theorists (?),
    although more accurate data on branching fractions would be desirable,
• urgent: nuclear physics studies at rest (Pontecorvo reactions, sexaquarks… 
    see the other talks at this workshop).

                         

see e.g. C.A.: - Rev. Mod. Phys. Rev. Mod. Phys. 70 (1998) 1293
                        - Trento Workshop (2019), https://arxiv.org/abs/1908.08455
                        -  Ann. Rev. of Nucl. and Part. Sci. 451 (1991) 219 (with F. Myhrer)
                        -  J.M. Richard: Frontiers in Physics 8 (2020)

        Requires a DC beam, the higher the momenta, the better!

<latexit sha1_base64="MGyqaulPM98y052URZdl7uZHZNQ=">AAAB/XicbZDLSsNAFIZP6q3WW73s3AwWwVVJilSXBTcuK9gLNKFMppN26GQSZiZCDcFXceNCEbe+hzvfxmmahbb+MPDxn3OYc34/5kxp2/62SmvrG5tb5e3Kzu7e/kH18KirokQS2iERj2Tfx4pyJmhHM81pP5YUhz6nPX96M6/3HqhULBL3ehZTL8RjwQJGsDbWsHri+limcRa7OkI5i8zYNbtu50Kr4BRQg0LtYfXLHUUkCanQhGOlBo4day/FUjPCaVZxE0VjTKZ4TAcGBQ6p8tJ8+wydG2eEgkiaJzTK3d8TKQ6VmoW+6Qyxnqjl2tz8rzZIdHDtpUzEiaaCLD4KEo7MpfMo0IhJSjSfGcBEMrMrIhMsMdEmsIoJwVk+eRW6jbrTrDfvLmutRhFHGU7hDC7AgStowS20oQMEHuEZXuHNerJerHfrY9FasoqZY/gj6/MHF7KVmw==</latexit>

p̄p ! n̄n

https://arxiv.org/abs/1908.08455
https://www.frontiersin.org/articles/10.3389/fphy.2020.00006/full


Antinucleon-nucleon annihilation, FuPhy workshop, Vienna, 8 April 2024, C. Amsler 18



Antinucleon-nucleon annihilation, FuPhy workshop, Vienna, 8 April 2024, C. Amsler 19

Divide by smooth function:

Incidentally, at higher momentum transfer:  BES3

Oscillation is due either to unknown resonances or
rescattering in the final state ???

Formfactor of the neutron by BES3!
<latexit sha1_base64="mxbC/kaBWywTSg0S5SAimTvRNEg=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBEEsSTio8uCG5cV7AOatEymN+3QySTMTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+DFnStv2t7Wyura+sVnYKm7v7O7tlw7KLRUlkkKTRjySHZ8o4ExAUzPNoRNLIKHPoe2Pb6d++xGkYpF40JMYvJAMBQsYJdpI/VIZemfQO3d1hF2fyFRkRqzYVXsGvEycnFRQjka/9OUOIpqEIDTlRKmuY8faS4nUjHLIim6iICZ0TIbQNVSQEJSXzm7P8IlRBjiIpCmh8Uz9PZGSUKlJ6JvOkOiRWvSm4n9eN9FBzUuZiBMNgs4XBQnH5tNpEHjAJFDNJ4YQKpm5FdMRkYRqE1fRhOAsvrxMWhdV57p6dX9ZqdfyOAroCB2jU+SgG1RHd6iBmoiiJ/SMXtGblVkv1rv1MW9dsfKZQ/QH1ucPX1SUAQ==</latexit>

e+e� ! n̄n

Nature  17 (2021) 1200

Oscillation phase shifted

Physics Letters B 817 (2021) 136328 

Dream of the reverse reaction!
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Rescattering

Go96
� ! ⇢⇡

<latexit sha1_base64="GLqFxN9m5wCfAn6d+NDRT+mWMGg=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoHgqePFYwX5AE8pmu2mXbjbL7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF0nOtPG8b6e0sbm1vVPereztHxweuccnbZ1mitAWSXmquhHWlDNBW4YZTrtSUZxEnHai8f3c70yo0iwVT2YqaZjgoWAxI9hYqe+6gRwxFJgUBWqUBpL13apX8xZA68QvSBUKNPvuVzBISZZQYQjHWvd8T5owx8owwumsEmSaSkzGeEh7lgqcUB3mi8tn6MIqAxSnypYwaKH+nshxovU0iWxngs1Ir3pz8T+vl5n4NsyZkJmhgiwXxRlH9tF5DGjAFCWGTy3BRDF7KyIjrDAxNqyKDcFffXmdtOs1/6pWf7yuNu6KOMpwBudwCT7cQAMeoAktIDCBZ3iFNyd3Xpx352PZWnKKmVP4A+fzBwZgkz0=</latexit>

Constructive interference between

K⇤K̄
<latexit sha1_base64="o0qztiFIWD5FXEN7epewBx/mEKU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdKuqx4EXopYL9wHYt2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwehm6reeqNIskvdmHFNf4IFkISPYWOmh9njWDbBKa5NeseSW3RnQMvEyUoIM9V7xq9uPSCKoNIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCqxoNpPZxdP0IlV+iiMlC1p0Ez9PZFiofVYBLZTYDPUi95U/M/rJCa89lMm48RQSeaLwoQjE6Hp+6jPFCWGjy3BRDF7KyJDrDAxNqSCDcFbfHmZNCtl77xcubsoVS+zOPJwBMdwCh5cQRVuoQ4NICDhGV7hzdHOi/PufMxbc042cwh/4Hz+ABLCkH0=</latexit>

⇢⇢
<latexit sha1_base64="/HFWrXEd2dclLzy+K+ccAUkHGD0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48VTFtoQ9lsN+3SzW7c3Qgl9E948aCIV/+ON/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknt7nfeaJKMykezDShQYxHgkWMYGOlbl+NZV6Das2tu3OgVeIVpAYFWoPqV38oSRpTYQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1TgmOogm987Q2dWGaJIKlvCoLn6eyLDsdbTOLSdMTZjvezl4n9eLzXRTZAxkaSGCrJYFKUcGYny59GQKUoMn1qCiWL2VkTGWGFibEQVG4K3/PIqaTfq3kW9cX9Za14VcZThBE7hHDy4hibcQQt8IMDhGV7hzXl0Xpx352PRWnKKmWP4A+fzBzhHkAw=</latexit>

and large �⇡
<latexit sha1_base64="Io0rVi0MNm5lsJb1acETneeKp1Y=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBE8ld0q6rHgxWMF+wHdpWTTbBuazYYkK5SlP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLlODGet43Wlvf2NzaLu2Ud/f2Dw4rR8dtk2aashZNRaq7ETFMcMlallvBukozkkSCdaLx3czvPDFteCof7USxMCFDyWNOiXVSJ1AjHijer1S9mjcHXiV+QapQoNmvfAWDlGYJk5YKYkzP95QNc6Itp4JNy0FmmCJ0TIas56gkCTNhPj93is+dMsBxql1Ji+fq74mcJMZMksh1JsSOzLI3E//zepmNb8OcS5VZJuliUZwJbFM8+x0PuGbUiokjhGrubsV0RDSh1iVUdiH4yy+vkna95l/W6g9X1cZ1EUcJTuEMLsCHG2jAPTShBRTG8Ayv8IYUekHv6GPRuoaKmRP4A/T5A1pvj4o=</latexit>

Deep inelastic scattering with muons: ss spins parallel and opposite to nucleon spin

wavefunction does not match

(as needed for the spin 1    )
�

<latexit sha1_base64="IkZvTSPFrtIydKNPJsqV3AlBI/s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqUY8FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14a2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLWuizjKcAbncAke3EAL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEROo43</latexit>

El95

Strange sea quarks in the nucleon: 

OK

ss spins parallel opposite to pp 3S1

Violation of OZI rule

Decreases with P wave (1P1)

CB

AST
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!⇡0 : p̄p ! !⇡0 ! �2⇡0
<latexit sha1_base64="FgFWSTgyrRFxmFC6Vqhl0POsndY=">AAACHnicbVDLSgMxFM34rPU16tJNsAiuykxVlK4KblxWsA/o1HInTdvQZCYkGaEM/RI3/oobF4oIrvRvTKdd1NYDgZNz7iU5J5ScaeN5P87K6tr6xmZuK7+9s7u37x4c1nWcKEJrJOaxaoagKWcRrRlmOG1KRUGEnDbC4c3EbzxSpVkc3ZuRpG0B/Yj1GAFjpY57GcSC9iGQ7MEr4yAElcqxDEyM54zs2gchAJcyoeMWvKKXAS8Tf0YKaIZqx/0KujFJBI0M4aB1y/ekaaegDCOcjvNBoqkEMoQ+bVkagaC6nWbxxvjUKl3ci5U9kcGZOr+RgtB6JEI7KcAM9KI3Ef/zWonpXbdTFsnE0IhMH+olHNu4k65wlylKDB9ZAkQx+1dMBqCAGNto3pbgL0ZeJvVS0T8vlu4uCpXyrI4cOkYn6Az56ApV0C2qohoi6Am9oDf07jw7r86H8zkdXXFmO0foD5zvX2v4of4=</latexit>

!⇡+ : n̄p ! ⇡+⇡�⇡0⇡+
<latexit sha1_base64="DuJjwcqYyGANHxfTkek+9I8dsFI=">AAACF3icbVDLSgMxFM34rPU16tJNsAiCOMxUQemq4MZlBfuAzlgyaaYNTTJDkhHK0L9w46+4caGIW935N2amXWjrgVxOzr2X5JwwYVRp1/22lpZXVtfWSxvlza3tnV17b7+l4lRi0sQxi2UnRIowKkhTU81IJ5EE8ZCRdji6zvvtByIVjcWdHick4GggaEQx0kbq2Y4fczJAfkLvT2vQD5HMxCSBvo5hoeXlLC9uce3ZFddxC8BF4s1IBczQ6Nlffj/GKSdCY4aU6npuooMMSU0xI5OynyqSIDxCA9I1VCBOVJAVvibw2Ch9GMXSHKFhof7eyBBXasxDM8mRHqr5Xi7+1+umOroKMiqSVBOBpw9FKYPGdR4S7FNJsGZjQxCW1PwV4iGSCGsTZdmE4M1bXiStquOdO9Xbi0q9NoujBA7BETgBHrgEdXADGqAJMHgEz+AVvFlP1ov1bn1MR5es2c4B+APr8wd84J7V</latexit>

Crystal Barrel @ rest OBELIX, n momentum < 405 MeV/c

�
<latexit sha1_base64="IkZvTSPFrtIydKNPJsqV3AlBI/s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqUY8FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14a2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOuk26t5VvfHQrLWuizjKcAbncAke3EAL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEROo43</latexit>

K⇤0
<latexit sha1_base64="Jxh7Yk2yD2oNXrMrrZAzBxgrRKY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtRjwYvgpYL9gHYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqe+q0nqjST4t6MY+pHeCBYyAg2VmrePqRn7qRXLLlldwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx45adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNCtlr1qu3J2XahdZHHk4gmM4BQ8uoQY3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A+wQjqk=</latexit>

m
2
(K

�
⇡
+
)
G
eV

2
<latexit sha1_base64="mnjG/dyoe4ay5sbRYTLeSJsgMWA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQEUsSRV0WXCi4qWAf0CRlMp22Q2eSMDMRSujCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7TxAzKpVlfRu5peWV1bX8emFjc2t7x9zda8goEZjUccQi0QqQJIyGpK6oYqQVC4J4wEgzGF5N/OYDEZJG4b0axcTjqB/SHsVIaaljFrnvlG/9Ezem/vERdGHqCg6vSWPsOx2zZFWsKeAisTNSAhlqHfPL7UY44SRUmCEp27YVKy9FQlHMyLjgJpLECA9Rn7Q1DREn0kunT4zhoVa6sBcJXaGCU/X3RIq4lCMe6E6O1EDOexPxP6+dqN6ll9IwThQJ8WxRL2FQRXCSCOxSQbBiI00QFlTfCvEACYSVzq2gQ7DnX14kDadin1acu7NS9TyLIw+K4ACUgQ0uQBXcgBqoAwwewTN4BW/Gk/FivBsfs9ackc3sgz8wPn8AimuWFA==</latexit>

m2(K+K�) GeV2
<latexit sha1_base64="NgsLYFSzcHNlM5rMRSCkxGvn71s=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEiliSKOqy4EKhmwr2AU1SJtOpHTqThJmJUEJx46+4caGIW7/CnX/jtM1CWw9cOJxzL/feE8SMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjJKBCZ1HLFItAIkCaMhqSuqGGnFgiAeMNIMBldjv/lAhKRReKeGMfE4ug9pj2KktNQx97jvlKr+cdU/OYIuTF3B4TVpjHynYxatsjUBnCd2RoogQ61jfrndCCechAozJGXbtmLlpUgoihkZFdxEkhjhAbonbU1DxIn00skLI3iolS7sRUJXqOBE/T2RIi7lkAe6kyPVl7PeWPzPayeqd+mlNIwTRUI8XdRLGFQRHOcBu1QQrNhQE4QF1bdC3EcCYaVTK+gQ7NmX50nDKdunZef2rFg5z+LIg31wAErABhegAm5ADdQBBo/gGbyCN+PJeDHejY9pa87IZnbBHxifP8iPlRY=</latexit>

�⇡0 : p̄p ! KSKL⇡
0 ! 3⇡0 +missKL

<latexit sha1_base64="BVOxXWkx62E15mCQhWyAzgOq520="></latexit>

�⇡+ : n̄p ! K+K�⇡+
<latexit sha1_base64="cej/eP54Rc9BAYjwpz6OjMeNQhg=">AAACDHicbVDLSgMxFM34rPVVdekmWAShWGaqoHRVcCN0U8E+oDMtmTTThmYyIckIZegHuPFX3LhQxK0f4M6/MZ3OQlsPBA7n3MvNOb5gVGnb/rZWVtfWNzZzW/ntnd29/cLBYUtFscSkiSMWyY6PFGGUk6ammpGOkASFPiNtf3wz89sPRCoa8Xs9EcQL0ZDTgGKkjdQvFF0xoq6gvVIVuj6SCZ8K6OoI1nuleu88dcyUXbZTwGXiZKQIMjT6hS93EOE4JFxjhpTqOrbQXoKkppiRad6NFREIj9GQdA3lKCTKS9IwU3hqlAEMImke1zBVf28kKFRqEvpmMkR6pBa9mfif1411cO0llItYE47nh4KYQRN21gwcUEmwZhNDEJbU/BXiEZIIa9Nf3pTgLEZeJq1K2bkoV+4ui7VqVkcOHIMTcAYccAVq4BY0QBNg8AiewSt4s56sF+vd+piPrljZzhH4A+vzB54Amgg=</latexit>

K⇤0
<latexit sha1_base64="Jxh7Yk2yD2oNXrMrrZAzBxgrRKY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtRjwYvgpYL9gHYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqe+q0nqjST4t6MY+pHeCBYyAg2VmrePqRn7qRXLLlldwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx45adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNCtlr1qu3J2XahdZHHk4gmM4BQ8uoQY3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A+wQjqk=</latexit>

K⇤0
<latexit sha1_base64="Jxh7Yk2yD2oNXrMrrZAzBxgrRKY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtRjwYvgpYL9gHYt2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqe+q0nqjST4t6MY+pHeCBYyAg2VmrePqRn7qRXLLlldwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx45adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNCtlr1qu3J2XahdZHHk4gmM4BQ8uoQY3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A+wQjqk=</latexit>

Compare with
A. Filippi, et al., Nucl. Phys. A655 (1999) 453
T. Bressani, A. Filippi, Phys. Rep. 383 (2003) 213C. Amsler et al., Phys. Lett. B319 (1993) 373

OZI violation also seen with antineutrons 
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Behaviour of annihilation at low energy not        

<latexit sha1_base64="tIMudkCHZoY3uZqk/ksEg+6vy0M="></latexit>

�ann(n̄) = A
2
3 (a+ b/pn̄ + c/p2n̄)

<latexit sha1_base64="S7JX3W2SvGFSKg55z1miMiGm0UM="></latexit>

�ann(n̄) = A
2
3 (a+ b/pn̄)

OBELIX

MeV/c

Surprising antineutron-nucleus annihilation:

<latexit sha1_base64="3ibqM1zi7s2HHcH2nD7TW5d0nOM=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4qjOtTu2u4MZlBfuAdiiZNG1DM5khuSOUoR/hxoUibv0ed/6N6XQovg4EDufcS+45fiS4Btv+tHJr6xubW/ntws7u3v5B8fCorcNYUdaioQhV1yeaCS5ZCzgI1o0UI4EvWMef3iz8zgNTmofyHmYR8wIylnzEKQEjdZyLvs+ADIolu2ynwH+Jk5ESytAcFD/6w5DGAZNABdG659gReAlRwKlg80I/1iwidErGrGeoJAHTXpKeO8dnRhniUajMk4BT9ftGQgKtZ4FvJgMCE/3bW4j/eb0YRtdewmUUA5N0+dEoFhhCvMiOh1wxCmJmCKGKm1sxnRBFKJiGCmkJ9apTr1RN9rrr2k5tlX1F2pWy45av7i5LDTerI49O0Ck6Rw6qoQa6RU3UQhRN0SN6Ri9WZD1Zr9bbcjRnZTvH6Aes9y+5Co9M</latexit>

1/� expected  (dashed)

Better fit (full curve):

L. Venturelli measurement 
<latexit sha1_base64="mgYT5e/5gWH23U324/yulBisn5Y=">AAAB73icbVDLSgMxFM34rPVVdekmWARXQ2bazrS7QjcuK9gHtEPJpJk2NPMwyQhl6E+4caGIW3/HnX9jpi1FxQOBwzn3knuOn3AmFUJfxtb2zu7efuGgeHh0fHJaOjvvyjgVhHZIzGPR97GknEW0o5jitJ8IikOf054/a+V+75EKyeLoXs0T6oV4ErGAEay01B/6WGTJojUqlZHZqDt2zYbIRMi1K05ObLdqV6CllRxlsEZ7VPocjmOShjRShGMpBxZKlJdhoRjhdFEcppImmMzwhA40jXBIpZct713Aa62MYRAL/SIFl+rPjQyHUs5DX0+GWE3lXy8X//MGqQrqXsaiJFU0IquPgpRDFcM8PBwzQYnic00wEUzfCskUC0yUrqi4KqFiNXRkTRwHWe4m+4Z0bdNyzNpdtdx01nUUwCW4AjfAAi5oglvQBh1AAAdP4AW8Gg/Gs/FmvK9Gt4z1zgX4BePjG5/3kH4=</latexit>

p̄C

<latexit sha1_base64="mgYT5e/5gWH23U324/yulBisn5Y=">AAAB73icbVDLSgMxFM34rPVVdekmWARXQ2bazrS7QjcuK9gHtEPJpJk2NPMwyQhl6E+4caGIW3/HnX9jpi1FxQOBwzn3knuOn3AmFUJfxtb2zu7efuGgeHh0fHJaOjvvyjgVhHZIzGPR97GknEW0o5jitJ8IikOf054/a+V+75EKyeLoXs0T6oV4ErGAEay01B/6WGTJojUqlZHZqDt2zYbIRMi1K05ObLdqV6CllRxlsEZ7VPocjmOShjRShGMpBxZKlJdhoRjhdFEcppImmMzwhA40jXBIpZct713Aa62MYRAL/SIFl+rPjQyHUs5DX0+GWE3lXy8X//MGqQrqXsaiJFU0IquPgpRDFcM8PBwzQYnic00wEUzfCskUC0yUrqi4KqFiNXRkTRwHWe4m+4Z0bdNyzNpdtdx01nUUwCW4AjfAAi5oglvQBh1AAAdP4AW8Gg/Gs/FmvK9Gt4z1zgX4BePjG5/3kH4=</latexit>

p̄C
<latexit sha1_base64="1BCQ9gIZ28wk+S5RI6aXWvdr6mM=">AAAB73icbVDLSgMxFM34rPVVdekmWARXQ6btTDu7QjcuK9gHtEPJpGkbmsmMSUYoQ3/CjQtF3Po77vwb0wdFxQOBwzn3kntOmHCmNEJf1tb2zu7efu4gf3h0fHJaODtvqziVhLZIzGPZDbGinAna0kxz2k0kxVHIaSecNhZ+55FKxWJxr2cJDSI8FmzECNZG6vZDLDMxbwwKRWT7Pqo4PkS2i1Cp5hmCyqWa60LHRksUwRrNQeGzP4xJGlGhCcdK9RyU6CDDUjPC6TzfTxVNMJniMe0ZKnBEVZAt753Da6MM4SiW5gkNl+rPjQxHSs2i0ExGWE/UX28h/uf1Uj2qBRkTSaqpIKuPRimHOoaL8HDIJCWazwzBRDJzKyQTLDHRpqL8qoSy45fKJrvvecipbrJvSLtkO57t3lWKdW9dRw5cgitwAxxQBXVwC5qgBQjg4Am8gFfrwXq23qz31eiWtd65AL9gfXwDqDmQhA==</latexit>

n̄C OBELIX

<latexit sha1_base64="EI7O4CcWOa3VLaM2T3tsFXeiZyg=">AAAB8HicbVDLSgMxFM3UV62vqks3wSK4qjOtTu2u4MZlBfuQdiyZNNOGJpkhyQhl6Fe4caGIWz/HnX9jOh2KrwOBwzn3knuOHzGqtG1/WrmV1bX1jfxmYWt7Z3evuH/QVmEsMWnhkIWy6yNFGBWkpalmpBtJgrjPSMefXM39zgORiobiVk8j4nE0EjSgGGkj3TlnfZ9odF8ZFEt22U4B/xInIyWQoTkofvSHIY45ERozpFTPsSPtJUhqihmZFfqxIhHCEzQiPUMF4kR5SXrwDJ4YZQiDUJonNEzV7xsJ4kpNuW8mOdJj9dubi/95vVgHl15CRRRrIvDioyBmUIdwnh4OqSRYs6khCEtqboV4jCTC2nRUSEuoV516pWqy113XdmrL7EvSrpQdt3xxc15quFkdeXAEjsEpcEANNMA1aIIWwICDR/AMXixpPVmv1ttiNGdlO4fgB6z3L+JJj/A=</latexit>

1/�2 for both p and n?

<latexit sha1_base64="92+yzF4nl4v3LMzmGksPm/ap5Ww=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4GidtZ9rZFdy4rGAf0A4lk2ba0MyDJCOUoR/hxoUibv0ed/6NmbYUFQ8EDufcS+45fsKZVJb1ZRS2tnd294r7pYPDo+OT8ulZV8apILRDYh6Lvo8l5SyiHcUUp/1EUBz6nPb82W3u9x6pkCyOHtQ8oV6IJxELGMFKSz10M/SpwqNyxTLdpm3Xq9AyLcut2zVNXNdFTQSRVnJUwBrtUflzOI5JGtJIEY6lHCArUV6GhWKE00VpmEqaYDLDEzrQNMIhlV62PHcBr7QyhkEs9IsUXKo/NzIcSjkPfT0ZYjWVf71c/M8bpCpoehmLklTRiKw+ClIOVQzz7HDMBCWKzzXBRDB9KyRTLDBRuqHSqoQacqvL7I5jocYm+4Z0qyZyTPu+Xmk56zqK4AJcgmuAQAO0wB1ogw4gYAaewAt4NRLj2Xgz3lejBWO9cw5+wfj4BjzNj6c=</latexit>

1/�
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Enhancements near proton-antiproton thresholds (1876 MeV)

B-decays (BELLE) Wang 05

<latexit sha1_base64="IicvP8dPZh8GQfEbOo+1MA4hZ04=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgFErSamp3RTeCmwq2FZq0TKaTdujkwcxECKH+ihsXirj1Q9z5N07bUHwdGDiccy9zz3EjRoU0jE8tt7K6tr6R3yxsbe/s7un7Bx0RxhyTNg5ZyO9cJAijAWlLKhm5izhBvstI151czvzuPeGChsGtTCLi+GgUUI9iJJU00IsX/bItQxjZLuJpNIXX/fJALxkVYw74l5gZKYEMrYH+YQ9DHPskkJghIXqmEUknRVxSzMi0YMeCRAhP0Ij0FA2QT4STzo+fwmOlDKEXcvUCCefq940U+UIkvqsmfSTH4rc3E//zerH0zp2UBlEsSYAXH3kxgyrtrAk4pJxgyRJFEOZU3QrxGHGEpeqrMC+hUTMb1ZrK3rAsw6wvsy9Jp1oxrcrZzWmpaWV15MEhOAInwAR10ARXoAXaAIMEPIJn8KI9aE/aq/a2GM1p2U4R/ID2/gV5qJQk</latexit>

B+ ! pp̄K+
<latexit sha1_base64="aRV6qU0I/SEm/Xg42GtHwhlSor4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiStpnZXdCO4qWhboYlhMp20QycPZiZCCPVX3LhQxK0f4s6/cZqW4uvAwOGce5l7jhczKqRhfGqFpeWV1bXiemljc2t7R9/d64oo4Zh0cMQifushQRgNSUdSychtzAkKPEZ63vh86vfuCRc0Cm9kGhMnQMOQ+hQjqSRXL5/dGbaMYGx7iGfxBF66165eMapGDviXmHNSAXO0Xf3DHkQ4CUgoMUNC9E0jlk6GuKSYkUnJTgSJER6jIekrGqKACCfLj5/AQ6UMoB9x9UIJc/X7RoYCIdLAU5MBkiPx25uK/3n9RPqnTkbDOJEkxLOP/IRBlXbaBBxQTrBkqSIIc6puhXiEOMJS9VXKS2jWzWatrrI3LcswG4vsC9KtVU2renJ1XGlZ8zqKYB8cgCNgggZogQvQBh2AQQoewTN40R60J+1Ve5uNFrT5Thn8gPb+Bb+xlFI=</latexit>

B0 ! pp̄KS

Charmless decays

<latexit sha1_base64="LoXaOXCqXIilS8JCg/jPtP0RK5o=">AAACAXicbVDLSgMxFM3Ud32NuhHcBIvgqs5UrXYnuBFXFewDOqXcSdM2NJkJSUYoQ934K25cKOLWv3Dn35g+KL4OBA7n3MvNOaHkTBvP+3Qyc/MLi0vLK9nVtfWNTXdru6rjRBFaITGPVT0ETTmLaMUww2ldKgoi5LQW9i9Hfu2OKs3i6NYMJG0K6EaswwgYK7Xc3eujQGoWmDjoghCAZRCCSuWw5ea8vDcG/kv8KcmhKcot9yNoxyQRNDKEg9YN35OmmYIyjHA6zAaJphJIH7q0YWkEgupmOk4wxAdWaeNOrOyLDB6r3zdSEFoPRGgnBZie/u2NxP+8RmI6582URTIxNCKTQ52EYxPjUR24zRQlhg8sAaKY/SsmPVBAjC0tOy6hdOyXCsc2e6lY9PyzWfYZqRbyfjF/enOSuyhO61hGe2gfHSIfnaELdIXKqIIIukeP6Bm9OA/Ok/PqvE1GM850Zwf9gPP+BYvSlxc=</latexit>

J/ ! �pp̄

CLEO (Alexander 10)
<latexit sha1_base64="h8P+EDlziB2nvdsc332ZoW4D4cI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokjabtruDGjVDBtkITymQ6bYfOJGFmIpTQjb/ixoUibv0Md/6N0zQUXwcGDufcy51zgphRqSzr0yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJuwBJwmhI2ooqRu5iQRAPGOkGk8u5370nQtIovFXTmPgcjUI6pBgpLfXNI7vu1KAXc2g70IOpJzi8Jp1Z3yxbFSsD/EvsnJRBjlbf/PAGEU44CRVmSMqebcXKT5FQFDMyK3mJJDHCEzQiPU1DxIn00yzADJ5qZQCHkdAvVDBTv2+kiEs55YGe5EiN5W9vLv7n9RI1rPspDeNEkRAvDg0TBlUE523AARUEKzbVBGFB9V8hHiOBsNKdlbISGo7dqDo6e8N1Lbu2zL4knWrFdisXN+flppvXUQTH4AScARvUQBNcgRZoAwxm4BE8gxfjwXgyXo23xWjByHcOwQ8Y719FG5Rs</latexit>

1837± 13 MeV

BES3 (Ablikim 12D)
<latexit sha1_base64="Cum93wC43bBzHn7pVQIOU87Fk7A=">AAACB3icbVDLSsNAFJ3UV62vqktBBosgiCVJNW13BTduhAq2FtoaJtNJO3TyYGYilJCdG3/FjQtF3PoL7vwbp2kovg4MHM65lzvnOCGjQur6p5ZbWFxaXsmvFtbWNza3its7bRFEHJMWDljAOw4ShFGftCSVjHRCTpDnMHLjjM+n/s0d4YIG/rWchKTvoaFPXYqRVJJd3DdqFRPexscVM7HjE9NKIOzBuMc9eEnaiV0s6WU9BfxLjIyUQIamXfzoDQIcecSXmCEhuoYeyn6MuKSYkaTQiwQJER6jIekq6iOPiH6c5kjgoVIG0A24er6Eqfp9I0aeEBPPUZMekiPx25uK/3ndSLq1fkz9MJLEx7NDbsSgDOC0FDignGDJJoogzKn6K8QjxBGWqrpCWkK9YtTNispetyzdqM6zz0nbLBtW+ezqtNSwsjryYA8cgCNggCpogAvQBC2AwT14BM/gRXvQnrRX7W02mtOynV3wA9r7F87eluI=</latexit>

1832+32
�26 MeV

<latexit sha1_base64="KbljBmdNZHfU8iqURQg4wQNc4rg=">AAAB7XicbVDLSgMxFM34rPVVdekmWARBLDOtTu2u4MZlBfuAdiyZNNPGZpIhyQhl6D+4caGIW//HnX9jOh2KrwOBwzn3knuOHzGqtG1/WkvLK6tr67mN/ObW9s5uYW+/pUQsMWliwYTs+EgRRjlpaqoZ6USSoNBnpO2Pr2Z++4FIRQW/1ZOIeCEachpQjLSRWvZdcnY67ReKdslOAf8SJyNFkKHRL3z0BgLHIeEaM6RU17Ej7SVIaooZmeZ7sSIRwmM0JF1DOQqJ8pL02ik8NsoABkKaxzVM1e8bCQqVmoS+mQyRHqnf3kz8z+vGOrj0EsqjWBOO5x8FMYNawFl0OKCSYM0mhiAsqbkV4hGSCGtTUD4toVZxauWKyV5zXdupLrIvSKtcctzSxc15se5mdeTAITgCJ8ABVVAH16ABmgCDe/AInsGLJawn69V6m48uWdnOAfgB6/0L2Z6OyA==</latexit>

0�+

Lots of activities near thresholds (general remark)

Are these baryonium states or the manifestation of  the final state interaction 
between the proton and the antiproton?

<latexit sha1_base64="trIMsx7opA7RX6/sQD6lTbv0KTE=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSStpnZXdOPCRQX7gCYtk8m0HTp5MDMRSii48VfcuFDErT/hzr9xmobi68DA4Zx7uXOOGzEqpGF8aguLS8srq7m1/PrG5ta2vrPbFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13dDn1W3eECxoGt3IcEcdHg4D2KUZSST19/6Jr2DKEke0intjXatNDEzui3ZOeXjCKRgr4l5gZKYAM9Z7+YXshjn0SSMyQEB3TiKSTIC4pZmSSt2NBIoRHaEA6igbIJ8JJ0gwTeKQUD/ZDrl4gYap+30iQL8TYd9Wkj+RQ/Pam4n9eJ5b9cyehQRRLEuDZoX7MoAo9LQR6lBMs2VgRhDlVf4V4iDjCUtWWT0uols1qqayyVy3LMCvz7HPSLBVNq3h2c1qoWVkdOXAADsExMEEF1MAVqIMGwOAePIJn8KI9aE/aq/Y2G13Qsp098APa+xdAYJdo</latexit>

B0 ! p⇤̄⇡�

below threshold
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Total of 35 experiments, 15 on annihilation mostly with stopping p

PS170 Precision Measurements of the Proton Electromagnetic Form Factors in the Time-like Region and Vector Meson Spectroscopy
PS171 Study of Proton-Antiproton Interactions at Rest in a H2 Gas Target at LEAR (ASTERIX)
PS173 Measurement of Antiproton-Proton Cross-Sections at Low Antiproton Momenta
PS177 Study of the Fission Decay of Heavy Hypernuclei
PS179 Study of the Interaction of Low-Energy Antiprotons with H2,He3,He4,Ne-Nuclei Using a Streamer Chamber in Magnetic Field 
PS182 Investigations on Baryonium and Other Rare pp Annihilation Modes Using High-Resolution p0 Spectrometers
PS183 Search for Bound NN States Using a Precision Gamma and Charged Pion Spectrometer at LEAR 
PS184 Study of Antiproton-Nucleus Interaction with a High Resolution SPESII Magnetic Spectrometer 
PS186 Nuclear Excitations by Antiprotons and Antiprotonic Atoms
PS187 A high statistics study of antiproton interactions with nuclei
PS197 The Crystal Barrel: Meson Spectroscopy at LEAR with a 4p Detector
PS201 Study of antiproton and antineutron annihilations at LEAR with OBELIX, a large acceptance and high resolution 
detector based on the Open Axial Field Spectrometer
PS202 JETSET: Physics at LEAR with an Internal Gas Jet Target and an Advanced General Purpose Detector
PS203 Antiproton Induced Fission and Fragmentation
PS208 Decay of Hot Nuclei at Low Spins Production by Antiproton-Annihilation in Heavy Nuclei

Antiproton-proton annihilation at rest mostly by 
            ASTERIX, Crystal Barrel, OBELIX

350 publications

This talk deals mostly with some of their results

 (“annihilation at rest”)
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Crystal Barrel
Annihilation at rest in liquid, but with multiple photon detection (           )                                    

•15 kGauss
•1380 CsI (Tl) crystals (97% x 4p)

•Jet drift chamber for charged products

 10�
<latexit sha1_base64="Fylz6KwpXNNGeXj8BM0UKo0BLGc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXjxWsB/QXUs2zbahSXZNskpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4up767UeqNIvlnRknNBB4IFnECDZWuvc5fUCei/wBFgL3yhW36s6AlomXkwrkaPTKX34/Jqmg0hCOte56bmKCDCvDCKeTkp9qmmAywgPatVRiQXWQza6eoBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XTU10FWRMJqmhkswXRSlHJkbTCFCfKUoMH1uCiWL2VkSGWGFibFAlG4K3+PIyadWq3lm1dnteqV/kcRThCI7hFDy4hDrcQAOaQEDBM7zCm/PkvDjvzse8teDkM4fwB87nDytBkZw=</latexit>

1

23

4

5
6
7

p

CO2/isobutane

• Emphasis on meson spectroscopy:  new mesons discovered:

f0(1370),⇡1(1400), ⌘(1410), a0(1450), f0(1500), ⌘2(1645)
<latexit sha1_base64="33tXxTuv1IHFCBnuESElYd+3hts="></latexit>

with large data samples -> T-matrix analyses

• Annihilation into 2 and 3 mesons

• Radiative annihilation
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ASTERIX
Solenoid 8kG (DM1 from LAL-Orsay)

105 MeV/c p̄
<latexit sha1_base64="itnmr5LD5sgLtfNje31X/Vj09LE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6jHgxWME84BkCb2TSTJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4bua3npg2PJGPdqJYGONQ8gGnaJ3U6kaoMzXtlcp+xZ+DrJIgJ2XIUe+Vvrr9hKYxk5YKNKYT+MqGGWrLqWDTYjc1TCEd45B1HJUYMxNm83On5NwpfTJItCtpyVz9PZFhbMwkjlxnjHZklr2Z+J/XSe3gNsy4VKllki4WDVJBbEJmv5M+14xaMXEEqebuVkJHqJFal1DRhRAsv7xKmtVKcFmpPlyVa9d5HAU4hTO4gABuoAb3UIcGUBjDM7zCm6e8F+/d+1i0rnn5zAn8gff5A5WCj7E=</latexit>

,  H2 gas at NTP

4 prong event

H2

µm
<latexit sha1_base64="ZdbqJkPrCLFRWhPUT6zSFGKPkxE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMeCF48V7Ac2oWy2m3bp7ibsboQS+i+8eFDEq//Gm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevRFmvlKIDEbVGtu3c2BVolXkBoUaA2qX/4wJqmg0hCOte57bmKCDCvDCKezip9qmmAywSPat1RiQXWQ5RfP0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UxPdBBmTSWqoJItFUcqRidH8fTRkihLDp5Zgopi9FZExVpgYG1LFhuAtv7xKOo26d1Fv3F/WmldFHGU4gVM4Bw+uoQl30II2EJDwDK/w5mjnxXl3PhatJaeYOYY/cD5/AJn5kNQ=</latexit>

6

cathode strips
7 MWPC

limited         capability with Pb converter�
<latexit sha1_base64="R2VWAqw8+9bPatMy+yOKj+GIh0I=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGUY8BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNb8KMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/K4yiiE3SKzlGArlEd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPhJ2PDQ==</latexit>

argon/ethane X-ray drift chamber (>1 keV)

1982
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OBELIX

Antineutron beam < 400 MeV/c

p̄p ! n̄n
<latexit sha1_base64="6gnDjOm63Fa72/c+u89U0FV4GuA=">AAAB/nicbVDLSgMxFL3js9ZXVVy5CRbBVZmpoi4LblxWsA/oDCWTZtrQTCYkGaEMBX/FjQtF3Pod7vwb0+kstPVA4OSce7n3nlBypo3rfjsrq2vrG5ulrfL2zu7efuXgsK2TVBHaIglPVDfEmnImaMsww2lXKorjkNNOOL6d+Z1HqjRLxIOZSBrEeChYxAg2VupXjv0Qq0xOJfJNgvKPmFq96tbcHGiZeAWpQoFmv/LlDxKSxlQYwrHWPc+VJsiwMoxwOi37qaYSkzEe0p6lAsdUB1m+/hSdWWWAokTZJwzK1d8dGY61nsShrYyxGelFbyb+5/VSE90EGRMyNVSQ+aAo5cheOssCDZiixPCJJZgoZndFZIQVJsYmVrYheIsnL5N2veZd1Or3l9XGVRFHCU7gFM7Bg2towB00oQUEMniGV3hznpwX5935mJeuOEXPEfyB8/kDcTSVwg==</latexit>

p
LH2 n

H2

Veto TOF
⇡,K

<latexit sha1_base64="+gdEhqtUe5fcb6fPHWnXMYvh4tU=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCBym7VdRjwYvgpYL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+7+QVPLVBHaIJJL1Q6xppwJ2jDMcNpOFMVxyGkrHN1M/dYTVZpJ8WDGCQ1iPBAsYgQbKzW7CTtDdz237FW8GdAy8XNShhz1nvvV7UuSxlQYwrHWHd9LTJBhZRjhdFLqppommIzwgHYsFTimOshm107QiVX6KJLKljBopv6eyHCs9TgObWeMzVAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQCUbgr/48jJpViv+eaV6f1GuXeZxFOEIjuEUfLiCGtxCHRpA4BGe4RXeHOm8OO/Ox7y14OQzh/AHzucPpS+Oeg==</latexit>

412 MeV/c antiprotons
(minimum is  98 MeV/c  = AD energy 😡  )    

low flux (~40 n/106  p)

T. Bressani, A. Filippi, Phys. Rep. 383 (2003) 213 

OAFM/ISR


