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Old libraries (before XXI century)
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Old libraries (before XXI century)

• spend time reading ‘anything’

• no predefined filters & alerts

• exposure to other ideas/fields

• away from computers : think ...
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Old libraries (before XXI century)

• spend time reading ‘anything’

• no predefined filters & alerts

• exposure to other ideas/fields

• away from computers : think ...
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➯ source of new ideas !
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What the ... ???
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Experimental program since 1960s !

� FMM & Carbonell, EPJA 57 (2021) 105
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➯ XX : cross-sections & backgrounds ...
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◮ What else could we do ?

 4He+4n〉

 10Be+4n〉

 8Be+6n〉 ?
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Are you kidding me ?!?
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Show first that it may work ...

◮ “Halo” campaign @ GANIL : (1997)

• 14Be
(C )
−→ 12Be + 1n :
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✘ ∼ 1% background ?

✔ very strong correlation ! 10Be + 4n ???

. (May 17, 2001)

25th European Conference on Few-Body Problems in Physics / Mainz (Germany) August 1, 2023 / “ The story behind the first 4n signal ” / F.M. MARQUES 4 / 13



Is it really the –4n channel ?
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On the detection of neutron clusters ?

◮ Other beam particles :
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→ 2.5σ : On the “Detection of neutron clusters”

. � FMM, PRC 65 (April 1, 2002) 044006
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Impact on the media
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Impact on theory

� Hemmdan, PRC 66 (2002) 054001

“3n resonances close to the physical region will not exist”
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� Pieper, PRL 90 (2003) 252501

“the resonance, if it exists at all, must be very broad”
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� Sherrill, PRC 69 (2004) 027601 : (4n,p) elastic ?
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Impact on theory : resonance ?

� Hemmdan, PRC 66 (2002) 054001

“3n resonances close to the physical region will not exist”
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� Sherrill, PRC 69 (2004) 027601 : (4n,p) elastic ?

◮ Candidate evts compatible with :

• (4n,p) breakup

• ER(
4n) . 2 MeV !
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� FMM, arXiv:nucl-ex/0504009

→ picky referee : “No new data” !

→ involved in confirmation attempts ...
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Impact on Wikipedia !

(October 25, 2002)

(July 10, 2005)
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Impact on Wikipedia !

(October 25, 2002)
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New experiments @GANIL ...
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New experiments @GANIL ... and RIKEN
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➯ program on hold ... starts @RIKEN !

4He (8He, αα) 4n

(Shimoura, 2012)
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A long homestretch
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� FMM, PRC 65 (2002) 044006

� FMM, arXiv:nucl-ex/0504009

E(4n)∼ [–1,+2] MeV (2.5σ)
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� Kisamori, PRL 116 (2016) 052501

E(4n)= 0.8±1.3 MeV (4.9σ)
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� Kisamori, PRL 116 (2016) 052501

E(4n)= 0.8±1.3 MeV (4.9σ)

� Duer, Nature 606 (2022) 678

E(4n)= 2.4±0.6 MeV (≫ 5σ )

25th European Conference on Few-Body Problems in Physics / Mainz (Germany) August 1, 2023 / “ The story behind the first 4n signal ” / F.M. MARQUES 10 / 13



A long homestretch

0 1 2
H

He

Li

10Be

12
14

Ep / En

P
ID

 [a
rb

.  u
ni

ts
]

1 2 4

� FMM, PRC 65 (2002) 044006

� FMM, arXiv:nucl-ex/0504009

E(4n)∼ [–1,+2] MeV (2.5σ)

0

1

2

3

4

5

6

7

8

-20 -10 0 10 20 30 40 50 60

E4n [MeV]

C
ou

nt
s  /  2

 M
eV

background ×10

� Kisamori, PRL 116 (2016) 052501

E(4n)= 0.8±1.3 MeV (4.9σ)

� Duer, Nature 606 (2022) 678

E(4n)= 2.4±0.6 MeV (≫ 5σ )
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Tetraneutron campaign @ RIKEN

◮ Three experiments : same beam (8He) & energy (150–200 MeV/N) ?

reaction initial state final state σ results

(’16) 4He (8He, αα) 4n

� Shimoura, NP1512-SHARAQ10

( )

⇒
( )

︸ ︷︷ ︸

⇒ nb Nevt ∼ 10 s
4n : E, Γ

(’17) 8He (p,pα) 4n

� Paschalis, NP1406-SAMURAI19

( )

⇒ ⇐
︸ ︷︷ ︸

︸︷︷︸
⇒ µb Nevt ∼ 1000 s

4n : E, Γ

(’17) 8He (p,2p) {3H+4n}

� FMM/Yang, NP1512-SAMURAI34

( )

⇒
( )

︸ ︷︷ ︸

⇒ mb Nevt ∼ 10,000 s
4n& 7H : E, Γ, Ω
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( )

︸ ︷︷ ︸

⇒ mb Nevt ∼ 10,000 s
4n& 7H : E, Γ, Ω

NEBULA
NeuLAND

ε(4n)≫ 0

8He (p,2p) 7H e∗ → 3He + 4n ?

8He (p,pn) 7He* → 4He + 3n ?

8He (p,p’) 8He* → 4He + 4n ?
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Summary & Conclusion

◮ Importance of new ideas

◮ Understanding problematics

◮ Risk of being taken for a fool !

◮ Relationships with the media

◮ Stories are not linear successes !

◮ Link between experiment & theory
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