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1. Reactions

. The in-flight *He(K~. N) reactions
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Knocked-out
Incident particle

. K~ consists of is, °He is composed of ppn.

. N IS a nucleon. NIFBZFBRDTp or n



1. Reactions

- The kaon momentum of 1 GeV/

Why 1GeV/c, not 400 MeV/c?
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Figure 1: Cross section of the KN->KN reactions at § = 0 [O]



1. Reactions
. K~ has i, p has u. In this case, K~ attracts p (p attracts K7).

But n also has u, so does K~ attracts n doesn’t it?
-Yes, It does. There are other reactions, for example, n(K=,n)K".

. As aresult, K and n are generated.

. This n I1s knocked out.

. Here, K behaves as ‘off-shell’ particle.
(But this K is almost real particle.)




‘The momentum transter ¢ Is defined between the incident kaon and the outgoing neutron in

the laboratory frame g = |p® — p!#|. In the reaction, we utilize this low-momentum back-

scattered kaon as a ‘off-shell kaon’ source and residual spectator nucleons NN as an ‘actual
target’ to form a "Kpp" state, whose energy is below their intrinsic mass of M(K pp)(=my + 2my

=2.37GeV/cM2).

Systematic investigation of the light conic nuclei
-via the in-flight 4He (K-, N) reactions- &D



1. Reactions
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. K+pn—-'Kpp (<— kaonic nuclei) InvariantE E L DIEE ML WTT,
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K +pp—>?7,K +pn—"1?

. K pp’ bound state Is formed.
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2. Mystery of A(1405)
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~ Ground state A (= 1115MeV, 1=0, J© =% consists of uds.

. For a simple uds first excited state, the mass should be larger than
1405 MeV.

1405

3 wdkeBuSE
/321}'\"‘(’« «l-\"'?'S " |

300 MeV




2. Mystery of A(1405)

invariant ¢l&7s < threshold
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. A(1405) 1Is ‘K p’ bound state?

In the same way, ‘K pp’ is A(1405)p 7

Anyway, K pp and A(1405) are related.




2. Mystery of A(1405)

. Decay of A(1405)
A(1405) —» 7zT2F Is known.

Strong interaction (7, is conserved.

Clearly, A(1405) iIs dominant.

This cross section is ~200 ub.
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Figure 2: Efficiency and acceptance depending on parent particles of decay with final state zx. [O]



3. Results of E15

. [To cut to the chase,

K- +*He - Y+ p+n (This is final state.).

. And then, Y'Y can be z*ZF, A(1115)(i.e. normal A) and X',

Besides, X decays into yA.
So there are both mesonic and non-mesonic decay.



3- Results Of E15 Both of them include bound state(K=p' and ‘K—pp’).

Figure 2 : again Figure 3 : Efficiency and acceptance corrected data over Ap invariant mass



This data is selected from A(1405) region in figure 2.
3. Results of E15

\

. In left figures, we can regard the final state

as A(1405)+ p +n. We can see that 7=
2% F RIS 2F]
the A(1405) + p + n event distribute |
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In this case, It doesn’'t form '‘K—pp’ bound state.
But 'K—p" bound state (A(1405)) is formed.
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3. Results of E15

. Therefore, the non-mesonic decay Is dominant when the K pp’ bound
state Is formed.

"One may Integrate over the phase space to obtain the total decay rate for the specified final state.”

https://en.wikipedia.org/wiki/Particle decay
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That Is because of the decay phase space. The zXN-decay phase space below
M(Kpp) threshold is kinematically limited in the zX decay (~100MeV/c*2) (Figure 2),

while the Ap-decay phase space has no limitation reaching to ~300MeV/c”*2 below

M(Kpp) (Figure 3).


https://en.wikipedia.org/wiki/Particle_decay

When the scattered-kaon energy is above

3. Results of E15 / Its intrinsic mass (E¥“” > my), ‘K’ knocks out

a residual proton due to its excess energy,
. 'K™pp” bound state # A(1405)p | and the kaon i essively absorbed in the
KOEERIEE E 270 (RBEISERD ORTICERD (R residual nucleon as ‘off-shell kaon'.
ZEERDTS) ) KROBIRLE—E2DHZHFOSEDT 7 _ ., y
SIEEZTVET, This results the A(1405) ("K—p" bound state).

When the kaon energy Is below the Intrinsic

mass (E“ < my), the recoiled kaon ‘K’ is captured

by two residual nucleons. And then, the bound
state "K pp” 1S produced.
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4. Next plan



5. My Q.

. In p.8 Figure 3, why does the peak of bound state exceed the mass
threshold?

. "Quasi-free” means "not bound” ?



