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1. Prologue: the LEP tunnel
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Two-in-one Dipole 
Superconducting Magnets

• Physicists had thought to make the tunnel wider than what was strictly needed, 
so as to be able to install later a proton machine with superconducting magnets

• The ECFA study (Roma 1978, chaired by A. Zichichi) had 
made a recommendation in this direction, 
nothwitstanding the resistence of those afraid that the 
implied cost increase would put the LEP project at risk

• A tunnel of 4 meters diameter was accepted, as a 
compromise. This was not enough for a cryogenic 
system with two independent magnets (such as was 
designed for the SSC). 

• CERN was forced to develop a new advanced design: 
“two-in-one”, more compact and less expensive

• The choice of tunnel’s dimensions, all in all, is a positive 
story: an admirable compromise that made it possible to 
prolong the lifetime of CERN well above 20 years.
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November 1988.  
Fermilab loses the competition for hosting the SSC 
SSC approved at  a new site: Waxahachie, Texas. 

• 1988           SSC approved, proton-proton, 20 TeV/beam, 87 km tunnel, cost 4-5 B US$;  
1989           SSC construction starts. 

• 1993           SSC discontinued by the US Congress after a bitter discussion which invested 
all the    scientific community (projected cost >10 B US$) 
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10 November 1988. Leon Lederman, wearing a 
Stetson hat, annoounces to the Laboratory that 
Fermilab has not been  chosen as the SSC site. 
FNAL Visual Media Service. 

Shaft to the SSC tunnel di SSC, located at about10 
meters underground. The planned tunnel had a 
circumference of 87 km.
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2. Early LHC chronology
• 1981             Lausanne ECFA workshop: LHC in LEP tunnel 
• 1986             La -Thuile workshop: first design (G. Brianti) 
• 1988             Feasibility of High Luminosity expts at LHC, Geneve meeting 
• 1990             Aachen meeting: main lines are delineated. 

• G. Kalmus (closing remarks): (The Aachen meeting) has marked a watershed, the 
time, when the LHC project…graduated ..to being the way forward for European 
particle physics.  

• C. Rubbia: high luminosity makes LHC competitive with the SSC (compensating 
for an energy ratio 40/16) 

• A lot of wishful thinking: 
• schedule: start civil engineering in 1992, commissioning in 1998 (6 years).  
• In reality…start civil engin. in 1997(+5), commiss. in 2008 (11 years).   
• It was still considered possible to install in the tunnel LHC together with LEP 

and run LEP and LHC concurrently. This possibility was kept alive until 1995.  
• Need to dismantle LEP was announced by  C. Llewellyn Smith in Beijing…I 

got protests by I. Mannelli 
• no cost mentioned. 

• 1992        Council declares that the LHC “will be CERN’s next facility”,  
• 1992         Expressions of Interest for experiments are presented in Evian; the LHC 

experiments Committe is created.  
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from LEP to LHC 
in the same tunnel
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LEP, July 1989-
December 2000

LHC, January 
2010-
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1994: LHC is approved

• the cancellation of the SSC programme made a real shock-wave in Europe, firing 
back on particle physics and CERN. 

• Top quark discovery had a very good balancing effect (as seen from Italy) 
• the first prototype of the 11 m superconducting LHC magnets was deliverd to 

CERN in Dec. 1993 and presented to CERN Council in March 1994, with a very 
positive effect 

• On the basis of the SppbarS and LEP successes,  CERN project was approved in 
December 1994.
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First prototype of 15 m superconducting LHC 
dipole by CERN-INFN-Ansaldo Energia 
collaboration,1998.
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LHC agreements: 1995 to 1997
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Chris Llewellyn Smith (right), with Hubert Curien, 
President of Council (center) receives a Daruma Doll from 
Kaoru Yosano, Japan Minister of Education, Science and 
Culture, June 1st 1995 at the signature of the Japan-CERN 
agreement for Japan participation in LHC (machine and 
experiments.

 CERN personnel protest against  budget 
cuts requested by CERN Council to 
approve LHC construction. December 1996

Signature of the USA-CERN agreement for the US 
participation in LHC (machine and experiments), 
Washington 8 december 1997. From left: Neil Lane, 
Director NSF, Federico Peña, Secretary for Energiy, 
Luciano Maiani, President of Council, Chris Llewellyn 
Smith, Director General of CERN.



Roma 20 marzo, 2014 Luciano MAIANI. FermiLectures 25

The December 1996 resolution
• CERN Council came back to LHC in december 1996 
• The new resolution approved to start LHC construction in 1997, in the final stage of full magnets.  
• At the same time, Council accepted the request of Germany to reduce the annual CERN budget by 

some 8%, a total of about 700 MCHF over the construction period  

• CERN, accepted the cut, to be reabsorbed by a general reduction of the Laboratory expenses, within 
2009.  

• The starting of LHC was fixed to 2005. 
• LHC had no more contingency and no resources for magnet R&D 
• Chris had fulfilled his goal to obtain the approval, at the expense of moving the problems forward in 

time. 

• The community, myself included, was anyway satisfied for the approval and physicists of all 
countries started preparing the detectors, leaving to CERN the problem to make the machine 
under financial severe conditions. 
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Was to fire back in 2001 
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3. Normal sufferings...ground freezing at the 
CMS shaft
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L.Maiani 9 Februay 2001 6LEP @ICFA  

Clean, startling events seen by ALEPH, september 2000

12

Analysed as: 

 H → 2 b − tagged jets
M2 b jets compatible with MZ

e+e− → Z + H

Z → 2 jets;

..and major crises: LEP 
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Clean, startling events seen by ALEPH, september 2000
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Analysed as: 

 H → 2 b − tagged jets
M2 b jets compatible with MZ

e+e− → Z + H

Z → 2 jets;

..and major crises: LEP 

….The idea that we may find ourselves in September 2001 with 3.5-4 
sigmas, CERN's financial position aggravated, LHC delayed and LHC 
people disbanded is not very encouraging. I am not going to go along 
this way.  (LM to G. Kalmus, SPC Chair, November 4th, 2000)
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L. MAIANI. Status Report 2000 8

The future of CERN is in the LHC !!!

CC Statement
"On 17th November 2000, the CERN Committee of Council held a meeting to examine a proposal 

by the Director-General concerning the continuation of the existing CERN programme, which 
foresees the decommissioning of the LEP accelerator at the end of the year 2000.

The Committee has expressed its recognition and gratitude for the outstanding work done by the 
LEP accelerator and experimental teams.

It has taken note of the request by many members of the CERN Scientific Community to continue 
LEP running into 2001 and also noted the divided views expressed in the Scientific Committees 
consulted on this subject.

On the basis of these considerations and in the absence of a consensus to change the existing 
programme, the Committee of Council supports the Director-General in pursuing the existing 
CERN programme."

This decision moves us definitely into the LHC era
A powerful complex, machine and detectors, to fully 
explore the Higgs and SUSY region Le Roi est mort

Vive le Roi !!15/12/2000

CERN Council, DG report, Dec. 15, 2000
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May 2001 TI2 Breakthrough
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June 2001 
Magnets from Novosibirsk
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Status report on the LHC machine 
Lyndon Evans 

Scientific Policy Committee 

CERN, Geneva, 

10-11  December 2001

UX15 cavern seen from the LHC tunnel
Promptly dubbed “Kabul” 
by Council delegates
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Dipoles in store @ CERN (and LEP magnets)
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Dipoles in store @ CERN (and LEP magnets)

Cruising speed: 30-35/month  !!
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• 1.5 year delay due to problems with QRL 
• another 1.5 year for the accident 
• later resolved by Steve Myers

18

Schedule redifined in March 2002
TIME LINE OF LHC CONSTRUCTION
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• another 1.5 year for the accident 
• later resolved by Steve Myers
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Schedule redifined in March 2002

mid 2005

TIME LINE OF LHC CONSTRUCTION
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Schedule redifined in March 2002

mid 2005

Lyn Evans and Lucio Rossi receive  
the last dipole at CERN

TIME LINE OF LHC CONSTRUCTION
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Sept. 10th 2008: first beams
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• 1.5 year delay due to problems with QRL 
• another 1.5 year for the accident 
• later resolved by Steve Myers
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Sept. 10th 2008: first beams

•useful beams: 2010 
•Higgs physics: 2011 

Schedule redifined in March 2002

mid 2005

Lyn Evans and Lucio Rossi receive  
the last dipole at CERN

TIME LINE OF LHC CONSTRUCTION

•1.5 year delay 
due to problems 
with QRL 

•another 1.5 
year for the 
accident to 
SC dipoles 
resolved by 
Steve Myers
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MAIANI 70 FEST, Sept. 21, 2011- C.Dionisi comes back to the LEP story

19

Page%17%%

Content%

At 8h00 a.m., November 2nd 2000, The LEP collider was 
shut down forever. 

 Epilogue: Committee of Council, Nov. 17 2000 

����The Committee of Council supports the Director 
General Luciano Maiani in pursuing the existing CERN 
programme, (which foresees the decommissioning of the 
LEP accelerator at the end of the year 2000). 

Since then in the Luciano 
office, I noticed (subliminal) 
a strange suitcase…….. 
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Higgs hunting: the situation in summer 2011, was summarised 
by Jim Virdee at the Ellis65 fest, @ ~2 fb-1 LHC luminosity

20

Search for the SM H � ZZ � 4l!

J. Ellis Colloquium-tsv! 14!

ATLAS!
Observe: 27 events!
!6ee, 9eμ, 12μμ events!

Expected: 28 ± 4 events!

CMS!
Observe: 21 events!
!5ee, 10eμ, 6μμ events!

Expected: 21.2 ± 0.8 events!

• Not so different from the 
situation at LEP, but… 

• Luminosity increase to 
arrive in the coming 
year…no time limits 

• At the same time…Tevatron was making a big effort to increase its luminosity  
• Some worry from competition…
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CERN-4 july 2012
4. Discovery
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In scientific press
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"For the theoretical discovery of a  
mechanism that contributes 
to our understanding of the origin  
of mass of subatomic particles,  
and which recently was confirmed 
through the discovery of the  
predicted fundamental particle,  
by the ATLAS and CMS experiments  
at CERN’s Large Hadron Collider" 

October 2013 

July 2012 
The Discovery 

~ 3800 citations / experiment so far 
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The “God particle”

23
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•Magnets prototypes have been developed at CERN in collaboration with 
European research institutions (INFN for Italy) and European companies 
(ALSTOM, NOELL, ANSALDO (*)) 
•in this way it has been possible to transfer advanced technologies to 
European companies 
• that are now using them for Nuclear Fusion facilities like ITER. 
___________________________ 
(*) now ASG Superconductors SpA, Genova

24

•LHC used 1200 tons of superconductiong cable, for a total lenght of 7000 
km 
•during construction, LHC has been the largest single buyer of Niobium-
Titanium cables 
•one Nb-Ti bar 0 .9m long and 0.2 m diameter gives rise, after extrusion to 
9000 filaments of 7 micron diameter and 30 km lenght.

 The LHC has been a big  industrial enterprise
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A few lessons learned
•Do not save on tunnel: a long and large tunnel has a longer lifetime than the 
first machine you put in; 
•A global project, but centralised construction and responsibility: CERN 
management had the responsibility to stay within cost and, when extracosts 
were detected, CERN reacted coherently and responsibly; 
•Starting from a big lab, already financed, no green grass, helps! 
•A full globalised management (e.g. ITER) is more vulnerable to cost increase  
•Cost-to-Completion crisis in 2001. CERN has profited from it to enforce real 
changes: a leaner programme, a well-focused Laboratory.  
•LHC final costs to CERN:

25

• Global collaboration for 
detectors worked out 
very well  
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• Global collaboration for 
detectors worked out 
very well  

The result of more that 25 years of work (1984-2012) is an increadibly robust, 
upgradable complex, e.g. HL-LHC, that will produce physics for at least two  

other decades
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Not the last word  
It is clearly necessary to go beyond the standard model. There is a 
mysterious spectrum of quark and lepton masses and mixing angles that 
we have been staring at for decades, as if they were symbols in an 
unknown language, without our being able to interpret them. Also, 
something beyond the standard model is needed to account for 
cosmological dark matter. 
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5. Surprises in low energy strong interactions

27

Zc(3900)±→J/Ψ+π Zc(4020)±→hc+π

Zc(4430)±→J/Ψ+π 
valence quark composition: cc̄ud̄<latexit sha1_base64="PQQrx5WLau3MSidHLOYuws4Y/oM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCpJFXRZdOOygr1AG8pkMmmHTiZhZlIIoW/ixoUibn0Td76N0zQLbf1h4OM/53DO/H7CmdKO821VNja3tnequ7W9/YPDI/v4pKviVBLaITGPZd/HinImaEczzWk/kRRHPqc9f3q/qPdmVCoWiyedJdSL8FiwkBGsjTWybTL0sUQEpaiAYGTXnYZTCK2DW0IdSrVH9tcwiEkaUaEJx0oNXCfRXo6lZoTTeW2YKppgMsVjOjAocESVlxeXz9GFcQIUxtI8oVHh/p7IcaRUFvmmM8J6olZrC/O/2iDV4a2XM5GkmgqyXBSmHOkYLWJAAZOUaJ4ZwEQycysiEywx0SasmgnBXf3yOnSbDfeq0Xy8rrfuyjiqcAbncAku3EALHqANHSAwg2d4hTcrt16sd+tj2VqxyplT+CPr8wfzLZKQ</latexit>
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LHCb-PAPER-2019-014 
PRL 122, 222001

Pentaquarks: 
P+ = cc̄uud

<latexit sha1_base64="AfmYTQARd7AQxPzJZ+luPuk3VKw=">AAACA3icbVDLSgMxFM34rPU16k43wSIIQpmpgm6EohuXFewDOmO5k8m0oZnMkGSEMhTc+CtuXCji1p9w59+YPhbaekK4h3PuJbknSDlT2nG+rYXFpeWV1cJacX1jc2vb3tltqCSThNZJwhPZCkBRzgSta6Y5baWSQhxw2gz61yO/+UClYom404OU+jF0BYsYAW2kjr2fewQ4rg3vTy4xwV4A0pTMnLBjl5yyMwaeJ+6UlNAUtY795YUJyWIqNOGgVNt1Uu3nIDUjnA6LXqZoCqQPXdo2VEBMlZ+PdxjiI6OEOEqkuULjsfp7IodYqUEcmM4YdE/NeiPxP6+d6ejCz5lIM00FmTwUZRzrBI8CwSGTlGg+MASIZOavmPRAAtEmtqIJwZ1deZ40KmX3tFy5PStVr6ZxFNABOkTHyEXnqIpuUA3VEUGP6Bm9ojfryXqx3q2PSeuCNZ3ZQ39gff4AAdWV0g==</latexit>

⇤b ! K� + J/ + P
<latexit sha1_base64="9BHcJm0LY1bng8/hRcwpeb0Lc6c=">AAACBXicbVC7SgNBFL0bXzG+opZaDAZBCMbdKGgZtBG1iGAekF3D7OwkGTL7YGZWCEsaG3/FxkIRW//Bzr9xkmyhiQcGDuecy5173IgzqUzz28jMzS8sLmWXcyura+sb+c2tugxjQWiNhDwUTRdLyllAa4opTpuRoNh3OW24/YuR33igQrIwuFODiDo+7gaswwhWWmrnd+0bHfZw20W2CtH1/SEqXh3ZkWRFVG3nC2bJHAPNEislBUih81+2F5LYp4EiHEvZssxIOQkWihFOhzk7ljTCpI+7tKVpgH0qnWR8xRDta8VDnVDoFyg0Vn9PJNiXcuC7Oulj1ZPT3kj8z2vFqnPmJCyIYkUDMlnUiTnS944qQR4TlCg+0AQTwfRfEelhgYnSxeV0Cdb0ybOkXi5Zx6Xy7Umhcp7WkYUd2IMDsOAUKnAJVagBgUd4hld4M56MF+Pd+JhEM0Y6sw1/YHz+AEoNloE=</latexit>

mJ/ψp

m2
J/ψp
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No consensus, yet 

28
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Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD  
Forces

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

Compact Diquark-Antidiquark
 L. Maiani, F. Piccinini, A. D. Polosa and 
V. Riquer, Phys. Rev. D 71 (2005) 014028; 
D 89 (2014) 114010.

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD  
Forces1,8

<latexit sha1_base64="/96yD5f3N6hhkjZXRxk+WqAOjT8=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRIDKhKykDHChbGItGH1EaV4zqtVceJbAepRPkSFgYQYuVT2Pgb3DQDtBzp6h6dc698ffyYM6Ud59sqbWxube+Udyt7+weHVfvouKuiRBLaIRGPZN/HinImaEczzWk/lhSHPqc9f3a78HuPVCoWiQc9j6kX4olgASNYG2lkV9OhHyA3u8x7MxvZNafu5EDrxC1IDQq0R/bXcByRJKRCE46VGrhOrL0US80Ip1llmCgaYzLDEzowVOCQKi/ND8/QuVHGKIikKaFRrv7eSHGo1Dz0zWSI9VStegvxP2+Q6KDppUzEiaaCLB8KEo50hBYpoDGTlGg+NwQTycytiEyxxESbrComBHf1y+uk26i7V/XGvVNr3RRxlOEUzuACXLiGFtxBGzpAIIFneIU368l6sd6tj+VoySp2TuAPrM8feemSTg==</latexit>

HadroCharmonium (1) 
Quarkonium Adjoint Meson (8) E. Braaten, C. Langmack and D. H. 

Smith,  Phys. Rev. D 90 (2014) 01404

S. Dubynskiy, S. and M. B.Voloshin, 
Phys. Lett. B 666,(2008) 344.

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

Nuclear  
Forces Hadron Molecule

F-K. Guo, C. Hanhart, U-G Meißner, 
Q. Wang, Q.  Zhao, and B-S Zou, 
arXiv 1705.00141 (2017)



Higgs 2020, Roma L. Maiani. The Higgs boson and more October 28, 2020

For a review, see:  
A. Ali, L. Maiani and A.D. Polosa, Multiquark 
Hadrons, Cambridge University Press (2019)

No consensus, yet 
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1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

3̄
<latexit sha1_base64="kcPp6uUL7P50wk9ODs8oFgZg0GE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nagx6LXjxWsK3QhDLZbtqlm03Y3Qgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZoqxDE5GoxxA1E1yyjuFGsMdUMYxDwXrh5Hbu956Y0jyRD2aasiDGkeQRp2is5PshKpL7YUSas0G15tbdBcg68QpSgwLtQfXLHyY0i5k0VKDWfc9NTZCjMpwKNqv4mWYp0gmOWN9SiTHTQb64eUYurDIkUaJsSUMW6u+JHGOtp3FoO2M0Y73qzcX/vH5mousg5zLNDJN0uSjKBDEJmQdAhlwxasTUEqSK21sJHaNCamxMFRuCt/ryOuk26l6z3rh3a62bIo4ynME5XIIHV9CCO2hDByik8Ayv8OZkzovz7nwsW0tOMXMKf+B8/gAfFZES</latexit>

3
<latexit sha1_base64="70uIaXGJ41IJSMH39hSnvqPtAMw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe6SQsugjWUE8wHJEfY2c8mSvb1zd08IR/6EjYUitv4dO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFSl2T9ICT12aBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2rerVq7V7t9K4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx8cj49Z</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD  
Forces

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

Compact Diquark-Antidiquark
 L. Maiani, F. Piccinini, A. D. Polosa and 
V. Riquer, Phys. Rev. D 71 (2005) 014028; 
D 89 (2014) 114010.

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD  
Forces1,8

<latexit sha1_base64="/96yD5f3N6hhkjZXRxk+WqAOjT8=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRIDKhKykDHChbGItGH1EaV4zqtVceJbAepRPkSFgYQYuVT2Pgb3DQDtBzp6h6dc698ffyYM6Ud59sqbWxube+Udyt7+weHVfvouKuiRBLaIRGPZN/HinImaEczzWk/lhSHPqc9f3a78HuPVCoWiQc9j6kX4olgASNYG2lkV9OhHyA3u8x7MxvZNafu5EDrxC1IDQq0R/bXcByRJKRCE46VGrhOrL0US80Ip1llmCgaYzLDEzowVOCQKi/ND8/QuVHGKIikKaFRrv7eSHGo1Dz0zWSI9VStegvxP2+Q6KDppUzEiaaCLB8KEo50hBYpoDGTlGg+NwQTycytiEyxxESbrComBHf1y+uk26i7V/XGvVNr3RRxlOEUzuACXLiGFtxBGzpAIIFneIU368l6sd6tj+VoySp2TuAPrM8feemSTg==</latexit>

HadroCharmonium (1) 
Quarkonium Adjoint Meson (8) E. Braaten, C. Langmack and D. H. 

Smith,  Phys. Rev. D 90 (2014) 01404

S. Dubynskiy, S. and M. B.Voloshin, 
Phys. Lett. B 666,(2008) 344.

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

Nuclear  
Forces Hadron Molecule

F-K. Guo, C. Hanhart, U-G Meißner, 
Q. Wang, Q.  Zhao, and B-S Zou, 
arXiv 1705.00141 (2017)



Higgs 2020, Roma L. Maiani. The Higgs boson and more October 28, 2020

Multiquarks!  Replacing: antiquark → diquark

29

meson

antibaryon

baryon
S-wave states: negative parity 
L=1 states: positive parity

S-wave states: positive parity 
L=1 states: negative parity

3̄
<latexit sha1_base64="4MWIhk/j009ymwqWolMoadJicEQ=">AAAB9HicbVA9T8MwEL2Ur1K+CowsFhUSU5UAErBVsDAWidBKbagc12mt2k5kO6Aqyv9gYQDEyo9h49/gthmg5Ul3enrvTj6/MOFMG9f9dkpLyyura+X1ysbm1vZOdXfvXsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXU/81iNVmsXyzowTGgg8kCxiBBsrPWTdECtke4RO87xXrbl1dwq0SLyC1KBAs1f96vZjkgoqDeFY647nJibIsDKMcJpXuqmmCSYjPKAdSyUWVAfZ9OocHVmlj6JY2ZIGTdXfGxkWWo9FaCcFNkM9703E/7xOaqKLIGMySQ2VZPZQlHJkYjSJAPWZosTwsSWYKGZvRWSIFSbGBlWxIXjzX14k/kn9su7dntUaV0UaZTiAQzgGD86hATfQBB8IKHiGV3hznpwX5935mI2WnGJnH/7A+fwBVQSR8g==</latexit><latexit sha1_base64="4MWIhk/j009ymwqWolMoadJicEQ=">AAAB9HicbVA9T8MwEL2Ur1K+CowsFhUSU5UAErBVsDAWidBKbagc12mt2k5kO6Aqyv9gYQDEyo9h49/gthmg5Ul3enrvTj6/MOFMG9f9dkpLyyura+X1ysbm1vZOdXfvXsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXU/81iNVmsXyzowTGgg8kCxiBBsrPWTdECtke4RO87xXrbl1dwq0SLyC1KBAs1f96vZjkgoqDeFY647nJibIsDKMcJpXuqmmCSYjPKAdSyUWVAfZ9OocHVmlj6JY2ZIGTdXfGxkWWo9FaCcFNkM9703E/7xOaqKLIGMySQ2VZPZQlHJkYjSJAPWZosTwsSWYKGZvRWSIFSbGBlWxIXjzX14k/kn9su7dntUaV0UaZTiAQzgGD86hATfQBB8IKHiGV3hznpwX5935mI2WnGJnH/7A+fwBVQSR8g==</latexit><latexit sha1_base64="4MWIhk/j009ymwqWolMoadJicEQ=">AAAB9HicbVA9T8MwEL2Ur1K+CowsFhUSU5UAErBVsDAWidBKbagc12mt2k5kO6Aqyv9gYQDEyo9h49/gthmg5Ul3enrvTj6/MOFMG9f9dkpLyyura+X1ysbm1vZOdXfvXsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXU/81iNVmsXyzowTGgg8kCxiBBsrPWTdECtke4RO87xXrbl1dwq0SLyC1KBAs1f96vZjkgoqDeFY647nJibIsDKMcJpXuqmmCSYjPKAdSyUWVAfZ9OocHVmlj6JY2ZIGTdXfGxkWWo9FaCcFNkM9703E/7xOaqKLIGMySQ2VZPZQlHJkYjSJAPWZosTwsSWYKGZvRWSIFSbGBlWxIXjzX14k/kn9su7dntUaV0UaZTiAQzgGD86hATfQBB8IKHiGV3hznpwX5935mI2WnGJnH/7A+fwBVQSR8g==</latexit><latexit sha1_base64="4MWIhk/j009ymwqWolMoadJicEQ=">AAAB9HicbVA9T8MwEL2Ur1K+CowsFhUSU5UAErBVsDAWidBKbagc12mt2k5kO6Aqyv9gYQDEyo9h49/gthmg5Ul3enrvTj6/MOFMG9f9dkpLyyura+X1ysbm1vZOdXfvXsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXU/81iNVmsXyzowTGgg8kCxiBBsrPWTdECtke4RO87xXrbl1dwq0SLyC1KBAs1f96vZjkgoqDeFY647nJibIsDKMcJpXuqmmCSYjPKAdSyUWVAfZ9OocHVmlj6JY2ZIGTdXfGxkWWo9FaCcFNkM9703E/7xOaqKLIGMySQ2VZPZQlHJkYjSJAPWZosTwsSWYKGZvRWSIFSbGBlWxIXjzX14k/kn9su7dntUaV0UaZTiAQzgGD86hATfQBB8IKHiGV3hznpwX5935mI2WnGJnH/7A+fwBVQSR8g==</latexit>

[3⇥ 3]Antisymm = 3̄
<latexit sha1_base64="N01G9VGY2eQhY96Bhhztw9KGgcs=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C1YvHCtYWklA22027dLMJuxOhhPwNL/4VLx5UvPbmv3Hb5qCtDxbevjfDzLwgEVyDbX9bpaXlldW18nplY3Nre6e6u/eo41RR1qKxiFUnIJoJLlkLOAjWSRQjUSBYOxjeTvz2E1Oax/IBRgnzI9KXPOSUgJG6VdvNvCDEp7kHPGIaFz+/m11L4HoURfmV0YgqjLxbrdl1ewq8SJyC1FCBZrc69noxTSMmgQqitevYCfgZUcCpYHnFSzVLCB2SPnMNlcSs4WfTy3J8ZJQeDmNlngQ8VX93ZCTSZsnAVEYEBnrem4j/eW4K4YWfcZmkwCSdDQpTgSHGk5hwjytGQYwMIVRxsyumA6IIBRNmxYTgzJ+8SFon9cu6c39Wa9wUaZTRATpEx8hB56iB7lATtRBFz+gVvaMP68V6sz6tr1lpySp69tEfWOMf3rqgcQ==</latexit><latexit sha1_base64="N01G9VGY2eQhY96Bhhztw9KGgcs=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C1YvHCtYWklA22027dLMJuxOhhPwNL/4VLx5UvPbmv3Hb5qCtDxbevjfDzLwgEVyDbX9bpaXlldW18nplY3Nre6e6u/eo41RR1qKxiFUnIJoJLlkLOAjWSRQjUSBYOxjeTvz2E1Oax/IBRgnzI9KXPOSUgJG6VdvNvCDEp7kHPGIaFz+/m11L4HoURfmV0YgqjLxbrdl1ewq8SJyC1FCBZrc69noxTSMmgQqitevYCfgZUcCpYHnFSzVLCB2SPnMNlcSs4WfTy3J8ZJQeDmNlngQ8VX93ZCTSZsnAVEYEBnrem4j/eW4K4YWfcZmkwCSdDQpTgSHGk5hwjytGQYwMIVRxsyumA6IIBRNmxYTgzJ+8SFon9cu6c39Wa9wUaZTRATpEx8hB56iB7lATtRBFz+gVvaMP68V6sz6tr1lpySp69tEfWOMf3rqgcQ==</latexit><latexit sha1_base64="N01G9VGY2eQhY96Bhhztw9KGgcs=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C1YvHCtYWklA22027dLMJuxOhhPwNL/4VLx5UvPbmv3Hb5qCtDxbevjfDzLwgEVyDbX9bpaXlldW18nplY3Nre6e6u/eo41RR1qKxiFUnIJoJLlkLOAjWSRQjUSBYOxjeTvz2E1Oax/IBRgnzI9KXPOSUgJG6VdvNvCDEp7kHPGIaFz+/m11L4HoURfmV0YgqjLxbrdl1ewq8SJyC1FCBZrc69noxTSMmgQqitevYCfgZUcCpYHnFSzVLCB2SPnMNlcSs4WfTy3J8ZJQeDmNlngQ8VX93ZCTSZsnAVEYEBnrem4j/eW4K4YWfcZmkwCSdDQpTgSHGk5hwjytGQYwMIVRxsyumA6IIBRNmxYTgzJ+8SFon9cu6c39Wa9wUaZTRATpEx8hB56iB7lATtRBFz+gVvaMP68V6sz6tr1lpySp69tEfWOMf3rqgcQ==</latexit><latexit sha1_base64="N01G9VGY2eQhY96Bhhztw9KGgcs=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C1YvHCtYWklA22027dLMJuxOhhPwNL/4VLx5UvPbmv3Hb5qCtDxbevjfDzLwgEVyDbX9bpaXlldW18nplY3Nre6e6u/eo41RR1qKxiFUnIJoJLlkLOAjWSRQjUSBYOxjeTvz2E1Oax/IBRgnzI9KXPOSUgJG6VdvNvCDEp7kHPGIaFz+/m11L4HoURfmV0YgqjLxbrdl1ewq8SJyC1FCBZrc69noxTSMmgQqitevYCfgZUcCpYHnFSzVLCB2SPnMNlcSs4WfTy3J8ZJQeDmNlngQ8VX93ZCTSZsnAVEYEBnrem4j/eW4K4YWfcZmkwCSdDQpTgSHGk5hwjytGQYwMIVRxsyumA6IIBRNmxYTgzJ+8SFon9cu6c39Wa9wUaZTRATpEx8hB56iB7lATtRBFz+gVvaMP68V6sz6tr1lpySp69tEfWOMf3rqgcQ==</latexit>

rule: q̄
<latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>
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Multiquarks!  Replacing: antiquark → diquark
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meson

antibaryon

baryon
S-wave states: negative parity 
L=1 states: positive parity

S-wave states: positive parity 
L=1 states: negative parity

tetraquark

c

q

X, Y, Z 
mesons

S-wave states: positive parity, X,Z 
L=1 states: negative parity, Y

q̄

c̄ X(3872)

3̄
<latexit sha1_base64="4MWIhk/j009ymwqWolMoadJicEQ=">AAAB9HicbVA9T8MwEL2Ur1K+CowsFhUSU5UAErBVsDAWidBKbagc12mt2k5kO6Aqyv9gYQDEyo9h49/gthmg5Ul3enrvTj6/MOFMG9f9dkpLyyura+X1ysbm1vZOdXfvXsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXU/81iNVmsXyzowTGgg8kCxiBBsrPWTdECtke4RO87xXrbl1dwq0SLyC1KBAs1f96vZjkgoqDeFY647nJibIsDKMcJpXuqmmCSYjPKAdSyUWVAfZ9OocHVmlj6JY2ZIGTdXfGxkWWo9FaCcFNkM9703E/7xOaqKLIGMySQ2VZPZQlHJkYjSJAPWZosTwsSWYKGZvRWSIFSbGBlWxIXjzX14k/kn9su7dntUaV0UaZTiAQzgGD86hATfQBB8IKHiGV3hznpwX5935mI2WnGJnH/7A+fwBVQSR8g==</latexit><latexit sha1_base64="4MWIhk/j009ymwqWolMoadJicEQ=">AAAB9HicbVA9T8MwEL2Ur1K+CowsFhUSU5UAErBVsDAWidBKbagc12mt2k5kO6Aqyv9gYQDEyo9h49/gthmg5Ul3enrvTj6/MOFMG9f9dkpLyyura+X1ysbm1vZOdXfvXsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXU/81iNVmsXyzowTGgg8kCxiBBsrPWTdECtke4RO87xXrbl1dwq0SLyC1KBAs1f96vZjkgoqDeFY647nJibIsDKMcJpXuqmmCSYjPKAdSyUWVAfZ9OocHVmlj6JY2ZIGTdXfGxkWWo9FaCcFNkM9703E/7xOaqKLIGMySQ2VZPZQlHJkYjSJAPWZosTwsSWYKGZvRWSIFSbGBlWxIXjzX14k/kn9su7dntUaV0UaZTiAQzgGD86hATfQBB8IKHiGV3hznpwX5935mI2WnGJnH/7A+fwBVQSR8g==</latexit><latexit sha1_base64="4MWIhk/j009ymwqWolMoadJicEQ=">AAAB9HicbVA9T8MwEL2Ur1K+CowsFhUSU5UAErBVsDAWidBKbagc12mt2k5kO6Aqyv9gYQDEyo9h49/gthmg5Ul3enrvTj6/MOFMG9f9dkpLyyura+X1ysbm1vZOdXfvXsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXU/81iNVmsXyzowTGgg8kCxiBBsrPWTdECtke4RO87xXrbl1dwq0SLyC1KBAs1f96vZjkgoqDeFY647nJibIsDKMcJpXuqmmCSYjPKAdSyUWVAfZ9OocHVmlj6JY2ZIGTdXfGxkWWo9FaCcFNkM9703E/7xOaqKLIGMySQ2VZPZQlHJkYjSJAPWZosTwsSWYKGZvRWSIFSbGBlWxIXjzX14k/kn9su7dntUaV0UaZTiAQzgGD86hATfQBB8IKHiGV3hznpwX5935mI2WnGJnH/7A+fwBVQSR8g==</latexit><latexit sha1_base64="4MWIhk/j009ymwqWolMoadJicEQ=">AAAB9HicbVA9T8MwEL2Ur1K+CowsFhUSU5UAErBVsDAWidBKbagc12mt2k5kO6Aqyv9gYQDEyo9h49/gthmg5Ul3enrvTj6/MOFMG9f9dkpLyyura+X1ysbm1vZOdXfvXsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXU/81iNVmsXyzowTGgg8kCxiBBsrPWTdECtke4RO87xXrbl1dwq0SLyC1KBAs1f96vZjkgoqDeFY647nJibIsDKMcJpXuqmmCSYjPKAdSyUWVAfZ9OocHVmlj6JY2ZIGTdXfGxkWWo9FaCcFNkM9703E/7xOaqKLIGMySQ2VZPZQlHJkYjSJAPWZosTwsSWYKGZvRWSIFSbGBlWxIXjzX14k/kn9su7dntUaV0UaZTiAQzgGD86hATfQBB8IKHiGV3hznpwX5935mI2WnGJnH/7A+fwBVQSR8g==</latexit>

[3⇥ 3]Antisymm = 3̄
<latexit sha1_base64="N01G9VGY2eQhY96Bhhztw9KGgcs=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C1YvHCtYWklA22027dLMJuxOhhPwNL/4VLx5UvPbmv3Hb5qCtDxbevjfDzLwgEVyDbX9bpaXlldW18nplY3Nre6e6u/eo41RR1qKxiFUnIJoJLlkLOAjWSRQjUSBYOxjeTvz2E1Oax/IBRgnzI9KXPOSUgJG6VdvNvCDEp7kHPGIaFz+/m11L4HoURfmV0YgqjLxbrdl1ewq8SJyC1FCBZrc69noxTSMmgQqitevYCfgZUcCpYHnFSzVLCB2SPnMNlcSs4WfTy3J8ZJQeDmNlngQ8VX93ZCTSZsnAVEYEBnrem4j/eW4K4YWfcZmkwCSdDQpTgSHGk5hwjytGQYwMIVRxsyumA6IIBRNmxYTgzJ+8SFon9cu6c39Wa9wUaZTRATpEx8hB56iB7lATtRBFz+gVvaMP68V6sz6tr1lpySp69tEfWOMf3rqgcQ==</latexit><latexit sha1_base64="N01G9VGY2eQhY96Bhhztw9KGgcs=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C1YvHCtYWklA22027dLMJuxOhhPwNL/4VLx5UvPbmv3Hb5qCtDxbevjfDzLwgEVyDbX9bpaXlldW18nplY3Nre6e6u/eo41RR1qKxiFUnIJoJLlkLOAjWSRQjUSBYOxjeTvz2E1Oax/IBRgnzI9KXPOSUgJG6VdvNvCDEp7kHPGIaFz+/m11L4HoURfmV0YgqjLxbrdl1ewq8SJyC1FCBZrc69noxTSMmgQqitevYCfgZUcCpYHnFSzVLCB2SPnMNlcSs4WfTy3J8ZJQeDmNlngQ8VX93ZCTSZsnAVEYEBnrem4j/eW4K4YWfcZmkwCSdDQpTgSHGk5hwjytGQYwMIVRxsyumA6IIBRNmxYTgzJ+8SFon9cu6c39Wa9wUaZTRATpEx8hB56iB7lATtRBFz+gVvaMP68V6sz6tr1lpySp69tEfWOMf3rqgcQ==</latexit><latexit sha1_base64="N01G9VGY2eQhY96Bhhztw9KGgcs=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C1YvHCtYWklA22027dLMJuxOhhPwNL/4VLx5UvPbmv3Hb5qCtDxbevjfDzLwgEVyDbX9bpaXlldW18nplY3Nre6e6u/eo41RR1qKxiFUnIJoJLlkLOAjWSRQjUSBYOxjeTvz2E1Oax/IBRgnzI9KXPOSUgJG6VdvNvCDEp7kHPGIaFz+/m11L4HoURfmV0YgqjLxbrdl1ewq8SJyC1FCBZrc69noxTSMmgQqitevYCfgZUcCpYHnFSzVLCB2SPnMNlcSs4WfTy3J8ZJQeDmNlngQ8VX93ZCTSZsnAVEYEBnrem4j/eW4K4YWfcZmkwCSdDQpTgSHGk5hwjytGQYwMIVRxsyumA6IIBRNmxYTgzJ+8SFon9cu6c39Wa9wUaZTRATpEx8hB56iB7lATtRBFz+gVvaMP68V6sz6tr1lpySp69tEfWOMf3rqgcQ==</latexit><latexit sha1_base64="N01G9VGY2eQhY96Bhhztw9KGgcs=">AAACGHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUUA9C1YvHCtYWklA22027dLMJuxOhhPwNL/4VLx5UvPbmv3Hb5qCtDxbevjfDzLwgEVyDbX9bpaXlldW18nplY3Nre6e6u/eo41RR1qKxiFUnIJoJLlkLOAjWSRQjUSBYOxjeTvz2E1Oax/IBRgnzI9KXPOSUgJG6VdvNvCDEp7kHPGIaFz+/m11L4HoURfmV0YgqjLxbrdl1ewq8SJyC1FCBZrc69noxTSMmgQqitevYCfgZUcCpYHnFSzVLCB2SPnMNlcSs4WfTy3J8ZJQeDmNlngQ8VX93ZCTSZsnAVEYEBnrem4j/eW4K4YWfcZmkwCSdDQpTgSHGk5hwjytGQYwMIVRxsyumA6IIBRNmxYTgzJ+8SFon9cu6c39Wa9wUaZTRATpEx8hB56iB7lATtRBFz+gVvaMP68V6sz6tr1lpySp69tEfWOMf3rqgcQ==</latexit>

rule: q̄
<latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>



Higgs 2020, Roma L. Maiani. The Higgs boson and more October 28, 2020

A second spectroscopic family ?

30

antibaryon

S-wave states: positive parity 
L=1 states: negative parity



Higgs 2020, Roma L. Maiani. The Higgs boson and more October 28, 2020

A second spectroscopic family ?

30

antibaryon

pentaquark

u

c

u
d

c̄

P+ ! (cc̄) + (uud) = J/ + p

L. Maiani, A. D. Polosa and V. Riquer, PLB 749 (2015) 289

S-wave states: positive parity 
L=1 states: negative parity



Higgs 2020, Roma L. Maiani. The Higgs boson and more October 28, 2020

A second spectroscopic family ?

30

antibaryon

pentaquark

u

c

u
d

c̄

P+ ! (cc̄) + (uud) = J/ + p

L. Maiani, A. D. Polosa and V. Riquer, PLB 749 (2015) 289

S-wave states: negative parity 
L=1 states: positive parity 
what is the parity of the “new” 
pentaquarks?

S-wave states: positive parity 
L=1 states: negative parity



Higgs 2020, Roma L. Maiani. The Higgs boson and more October 28, 2020

A second spectroscopic family ?

30

antibaryon

u

c

u
d

u

d

dibaryon ???

pentaquark

u

c

u
d

c̄

P+ ! (cc̄) + (uud) = J/ + p

L. Maiani, A. D. Polosa and V. Riquer, PLB 749 (2015) 289

S-wave states: negative parity 
L=1 states: positive parity 
what is the parity of the “new” 
pentaquarks?

S-wave states: positive parity 
L=1 states: negative parity



Higgs 2020, Roma L. Maiani. The Higgs boson and more October 28, 2020

A second spectroscopic family ?

30

antibaryon

u

c

u
d

u

d

dibaryon ???

pentaquark

u

c

u
d

c̄

P+ ! (cc̄) + (uud) = J/ + p

L. Maiani, A. D. Polosa and V. Riquer, PLB 749 (2015) 289

S-wave states: negative parity 
L=1 states: positive parity 
what is the parity of the “new” 
pentaquarks?

S-wave states: positive parity 
L=1 states: negative parity

Substitution with diquark (antidiquark) 
reproduces qualitatively all we have seen in 
Exotic Hadrons until now… and more



Higgs 2020, Roma L. Maiani. The Higgs boson and more October 28, 2020

A new sensation (2017): doubly heavy baryons

31

qq c̄

c

c

M. Savage, M. B. Wise, PLB 248,1990;  
N. Brambilla, A. Vairo and T. Rosch, PRD 72, 2005; T. Mehen, arXiv:1708.05020v3 

• Doubly heavy baryons are related to single quark heavy 
mesons  

• QCD forces are mainly spin independent, so there is an 
approximate symmetry relating masses of DH baryons 
to SH mesons: e.g. M(⌅⇤

cc)�M(⌅cc) =
3

4
[M(D⇤)�M(D)]

…. are related to doubly 
heavy tetraquark

c

q

q’

q

q’

c̄

c̄

similarly: single heavy quark baryons….

Esposito, M. Papinutto, A. 
Pilloni, A. D. Polosa, and N. 
Tantalo, Phys. Rev. D88, 
054029 (2013) 
M. Karliner and J. L. Rosner, 
arXiv:1707.07666 [hep-ph]. 
E. J. Eichten and C. Quigg, 
arXiv:1707.09575 [hep-ph].
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•Different quark model calculations: negative Q-value for the decay  Tbb→ BB γ! 
•only allowed: weak decays of constituent quarks

Double Beauty tetraquarks   may be stable under strong decays !! [bb]3̄[q̄q̄′ ]3

32

predicted :
M. Karliner and J. L. Rosner, arXiv:1707.07666 [hep-ph]. 
E. J. Eichten and C. Quigg, arXiv:1707.09575 [hep-ph].
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•Different quark model calculations: negative Q-value for the decay  Tbb→ BB γ! 
•only allowed: weak decays of constituent quarks

Double Beauty tetraquarks   may be stable under strong decays !! [bb]3̄[q̄q̄′ ]3

32

predicted :
M. Karliner and J. L. Rosner, arXiv:1707.07666 [hep-ph]. 
E. J. Eichten and C. Quigg, arXiv:1707.09575 [hep-ph].

QQ0ūd̄ B-O Karliner:2017qjm Eichten:2017↵p Luo:2017eub Lattice QCD

ccūd̄ +7(�10) +140 +102 +39 �23± 11 Junnarkar:2018twb
cbūd̄ �59(�74) ⇠ 0 +83 �108 +8± 23 Francis:2018jyb

bbūd̄ �138(�156) �170 �121 �75
�143± 34 Junnarkar : 2018twb
�143(1)(3) Francis : 2016hui

�82± 24± 10 Leskov : 2019ioa

Table 1:
<latexit sha1_base64="1v0lfR3hg5UM1fT1DVDf+xRXL3I="></latexit>

• the result is confirmed by Lattice QCD and Born-Oppenheimer calculations. 

B-O: L. Maiani, A. D. Polosa and V. Riquer, The Hydrogen Bond of QCD in Doubly 
Heavy Baryons and Tetraquarks, Phys. Rev. D 100 , 074002 (2019).
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predicted :
M. Karliner and J. L. Rosner, arXiv:1707.07666 [hep-ph]. 
E. J. Eichten and C. Quigg, arXiv:1707.09575 [hep-ph].

Spectacular new physics to be expected at a high luminosity Z0 factory 
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Table 1:
<latexit sha1_base64="1v0lfR3hg5UM1fT1DVDf+xRXL3I="></latexit>

• the result is confirmed by Lattice QCD and Born-Oppenheimer calculations. 

B-O: L. Maiani, A. D. Polosa and V. Riquer, The Hydrogen Bond of QCD in Doubly 
Heavy Baryons and Tetraquarks, Phys. Rev. D 100 , 074002 (2019).
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 R. Aaij, C. Abellan Beteta, T. 
Ackernley, et al.  (LHCb 
Collaboration). Observation of 
structure in the  pair mass 
spectrum. arXiv:2006.16957, 2006.

J/ψ

Little doubt that these 
resonances are tetraquarks

c̄c
[cc]S=1[c̄c̄]S=1

 Tetraquark constituent  picture of 2 J/Ψ resonances

..
c̄• [cc] in color  

• total spin of each diquark, S=1 (color antisymmetry and Fermi statistics)
3̄

A game changer! LHCb has observed - pair resonancesJ/ψ
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 Tetraquark 2 J/Ψ resonances (cont’d)

•S-wave: positive parity  
•C=+1 states: , decay in 2 J/Ψ  

•C= -1 states:  , decays in 
JPC = 0++, 2++

JPC = 1+− J/ψ + ηc

34

decays: C. Becchi, A. Giachino, L. Maiani and E. Santopinto, [arXiv:2006.14388 [hep-ph]]

spectrum 
 see e.g. M.A.Bedolla, J.Ferretti, C.D.Roberts and E.Santopinto, arXiv:1911.00960 [hep-ph] ; 
see also M. Karliner and J. L. Rosner, [arXiv:2009.04429 [hep-ph]].

•masses and decays can be computed,

• new methods may be found  
• 2 J/Ψ resonances are the next step after charmonium: are we seeing the 

start of QCD molecular physics??  
• spectrum, quantum numbers...really exciting !!! 
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34

decays: C. Becchi, A. Giachino, L. Maiani and E. Santopinto, [arXiv:2006.14388 [hep-ph]]

good news for HL-LHC. A lot of resonances to find:  
tetraquarks with open charm&strageness, full charm, full beauty…

spectrum 
 see e.g. M.A.Bedolla, J.Ferretti, C.D.Roberts and E.Santopinto, arXiv:1911.00960 [hep-ph] ; 
see also M. Karliner and J. L. Rosner, [arXiv:2009.04429 [hep-ph]].
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• new methods may be found  
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start of QCD molecular physics??  
• spectrum, quantum numbers...really exciting !!! 
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6. Challenges at High Energy

•Standard Theory is unnatural (‘t-Hooft, 1979): if it has to be completed at a large 
energy scale Λ, we would expect  . We know of two alternatives: 

• Low energy supersymmetry. Relates scalars and fermions, whose mass 
is protected by chiral symmetry, and reduces Λ to MSUSY, needed to be 
O(1TeV) for not too unnatural tuning, .... or 
• No elementary scalars. The Higgs boson is composite of fermion 
fields, tied together by forces at a scale O(1 TeV), called generically 
Technicolor forces. 
• H could be much lighter than the high energy strong interactions scale, 
if it is a would-be-Goldstone boson of some symmetry. 

• we should keep all options open...for the time being. 
• LHC , HL-LHC or a Higgs factory (see later) could search for precursor signals 
of high energy new physics in deviations from ST of Higgs  decays; 
• or find SUSY particles and /or other Higgs bosons and/or Techicolor bound state

M2
Higgs ∼ g2Λ2

35
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Conclusion 

!  We’ve just started and there’s a long 
and exciting way to go: 
!  Go from O(10%) measurements to 

differential. 
!  Go from “seen” to O(%) measurements. 
!  Go from limits on rare things to 

observations. 
!  Reduce theory uncertainties. 
!  Explore the full potential of the LHC and 

its upgrades. 
 
!  All it takes is deviation to point 

us on the right way beyond the SM. 

@CMSexperiment @ICHEP2014 
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Composite Higgs
Higgs mediated processes recover calculability:

Back to the prediction era!
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Massive gauge theories become 
as good as massless gauge theories 

small effects already expected,!
as EWPT (LEP1) put strong limits !

to the coupling hVV!
 since it affects the Z propagator:

(reduction of couplings)

A better perspective to understand how close to a SM Higgs: 

Conclusion 
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!  Reduce theory uncertainties. 
!  Explore the full potential of the LHC and 

its upgrades. 
 
!  All it takes is deviation to point 

us on the right way beyond the SM. 

@CMSexperiment @ICHEP2014 
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a.david@cern.ch 

qualitative possible ranges !
before LHC Higgs data
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A better perspective to understand how close to a SM Higgs: 

A. Pomerol @ Higgs Hunting 2014
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No deviations from ST or SUSY particles seen by ATLAS or CMS

37

Limits on SUSY particles

p + p → H + t + t̄ + … →

→ (μ+μ−) + (3 jets) + (e + ν + jet)



LAL Orsay, July 23, 2014 Luciano Maiani. HiggsHunting

Probing SUSY in the Higgs Sector

38

h0|H0
u|0i = v sin �; h0|H0

d |0i = v cos �; 0 < tan� < +1
v
2 = (2

p
2GF )�1 = (174 GeV)2

• Physical H bosons: h : 125 GeV
H, A, H

± ???

•Two Higgs doublets required (Dimopoulos & Giorgi): Hu, Hd

• ATLAS ad CMS search for  has given, so far, lower bounds to  in the 
 plane 

A MA
MA − tan β

ATLAS, March 2020 
Data analysed in the hMSSM model 
of A. Djouadi, L. Maiani, A. Polosa, 
J. Quevillon and V. Riquer, 
JHEP 06 (2015), 168, 
[arXiv:1502.05653 [hep-ph]]. 
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7. What’s next at High Energy?

39

• With the LHC / HL-HLC energy limitation, it is not likely that we can 
see all  particles implied by SUSY or by Technicolor and find out which 
is the next step BEYOND the STANDARD THEORY
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7. What’s next at High Energy?

39

• With the LHC / HL-HLC energy limitation, it is not likely that we can 
see all  particles implied by SUSY or by Technicolor and find out which 
is the next step BEYOND the STANDARD THEORY

• but we may be able to see the 
tail of the dinosaur….do not 
leave any possibilty untested 

LHC / HL-LHC

SUSY PARTICLES ?
TECHNI HADRONS ?
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• With the LHC / HL-HLC energy limitation, it is not likely that we can 
see all  particles implied by SUSY or by Technicolor and find out which 
is the next step BEYOND the STANDARD THEORY

• but we may be able to see the 
tail of the dinosaur….do not 
leave any possibilty untested 

LHC / HL-LHC

SUSY PARTICLES ?
TECHNI HADRONS ?

• In the 80s we thought that the unnaturalness of ST could give the key to a complete 
theory of what is Beyond the Standard Theory (SUSY, GUT, then Gravity…) 

• we may have guessed some real point…. compositeness, supersymmetry …but there 
are so many things we do not fully understand (which kind of SUSY, dark matter, 
hierarchy, strong interactions) that the physics we will find there will be, most likely, 
entirely new, strange and unexpected.  

• Only direct experiments will tell.

• Can we really guess what New Physics 
at High Energy is?
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The electron-positron  step

•International Linear Collider, e+e- 
@ 0.5 TeV: 

- site approved in Japan: 
(Kitakami)  
- a reserve site (Sefuri)

40

•Go for a circular e+e- @ 250-300  GeV in a large tunnel (Higgs factory) 
• 70-100 km to make radiation losses acceptable, 
• tunnel may host later a p-p collider @  80-100 TeV, to explore the region left by 
LHC, 3 to 10 TeV 
•projects are being made at CERN, (FCC-e+e-),  and in China at IHEP (CepC)

An e+ e-  Higgs boson factory, could aim at high precision to probe 
Higgs physics at high energies

An alternative…

Asia gets in
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CEPC	site	investigation	and	facility	study	

•  More	invitations	from	local	governments:	

Changsha,	Changchun,	…	

•  Recent	visit	to	Shangsha:	best	for	geology	&	

transportation(20	km	from	a	large	city	&	an	

international	airport)	

•  Site	selection	based	on	
geology,	electricity	supply,	

transportation,	environment	

for	foreigners,	local	support	

&	economy,…	

•  North	are	better	for	running	
cost	savings	

•  CDR	study	is	based	on	Qing-
Huang-Dao,	300	km	towards	

the	east	of	Beijing	

Yifang Wang,  50 Years with GIM , TD Lee Institute, 2019, Shanghai Jiao Tong University
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Geneva

Dreams about the future

• 100 TeV proton Collider is a fantastic challenge 
• new innovative technologies: material science, low temperatures, electronics, 
computing, big data 
• an attraction for new physics ideas and young talents to solve the hardest scientific 
problem which we have been confronted in the last 100 years

42

FCC

Geneva Lake
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Geneva

1950’s: National Laboratories in IT, FR, UK, DE...  united forces to make CERN-Europe 
2030’s: Regional Laboratorie in Europe, America, Asia … will unite in a  

Global Accelerator Network -  The World ??

Dreams about the future

• 100 TeV proton Collider is a fantastic challenge 
• new innovative technologies: material science, low temperatures, electronics, 
computing, big data 
• an attraction for new physics ideas and young talents to solve the hardest scientific 
problem which we have been confronted in the last 100 years
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FCC

Geneva Lake


