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possible existence of η’N bound state 2

D. Jido EXA2014

!’-N interaction

21

two-body bound state

Sakai, DJ, PRC88 (13) 064906;
in preparation

η’-nucleon interaction in LσM
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interaction strength (symmetric limit)

≃ -0.053 [MeV^-1]
cf. - 0.086 MeV-1 WT term of KbarN (I=0)

→ 10-15 MeV binding of KbarN

~ 6 MeV calculated in the same way as Λ(1405) of KbarN bound state

B term : anomaly effect

coupled channel effect (η'N, ηN)

BE = 12 - 3i [MeV] scattering length = -1.9 + 0.2i [fm]

the details numbers are sensitive to the parameters of symmetry breaking

⇥0,⇥8

�,��

+ crossed

Weinberg-Tomozawa

cancel each other at chiral limit thanks to ChS
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D. Jido, EXA2014

(large) mass reduction 
of η’ in nucleus

small η’N scattering length

NJL, linear-σ, QMC 
CBELSA/TAPS

contradicting??

Czerwiński et al., PRL 113, 062004 (2014)

Re aη′N = 0±0.43 fm 
Im aη′N = 0.37+0.40 fm−0.16

attractive interaction 
between K̅ and nucleon (nucleus)

K̅N scattering length, 
repulsive shift of K-p 1s atomic state

Λ(1405)η’N bound state?
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（直接的）探索実験 (1) 3

T. Ishikawa, ELPH C009 workshop (2014)
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（直接的）探索実験 (2) 4

T. Ishikawa, ELPH C009 workshop (2014)
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❖ direct search [bound region] 

‣ γ+d→(η’n)+p or π++d→(η’p)+p (cf. K-+d→Λ(1405)+n) 

‣ γ+p→η+p or π-+p→η+n 

❖ indirect search [unbound region] 

‣ π-+p→η’+n 

‣ signature of η’n bound  
state just above η’n threshold? 

‣ (merit) no background 

‣ (demerit) only sensitive in case of small B.E. ~ Γ

η’N 束縛状態の探索実験 5

mass

η’n threshold

decay into ηn, (πn)

can decay  
into η’n

(as far as N* dominance model is valid)
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cf. η-3He system 6

Alfons Khoukaz 

Erzeugung von h-Mesonen 

The Reaction d+p → 3He+h 

Fit to data very close to threshold: Only s-wave 

Fit parameter: 
• Complex scattering 

length  a=ar+iai 
• Complex effective 

range  r=rr+iri 
• Finite momentum 

width dpbeam of the 
accelerator beam � �
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Data: ANKE Collaboration 

A. Khoukaz et al., HIN2013

Alfons Khoukaz 

Erzeugung von h-Mesonen 

The d+p → 3He+h Scattering Amplitude 

Extracted scattering amplitude (Q > 0 MeV) 

• Scattering amplitude 
decreases rapidly 
with increasing final 
state momentum pf  

• Scattering amplitude 
almost constant at  
high energies 
 

  → strong FSI in 
 h3He system 
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T. Mersmann, A.K., et al., PRL 98 (2007) 242301 
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previous measurement (in 1970s, at RAL) 7

P. G. Moyssides et al., Nuovo Cimento 75, 163(1983)

D. Binnie et al., PRD 8, 2789 (1973)

“reanalysis”

“an alternative explanation … could lie in a 
rapid modulation of the cross section by an 

s-channel effect such as a narrow N*.”
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previous measurement (in 1970s, at RAL) 8

P. G. Moyssides et al., Nuovo Cimento 75, 163(1983)

1 6~  P . G .  MOYSSIDES, It. N. K. ShRMA, J. CARR, :ETC. 

The only 3W* which could lead to S-wave product ion of the  X ~ is a Sn .  I f  
we make the  assumption t ha t  this ~ *  couples to XOn, =-p and other  channels,  
we can write the corresponding cross-sections as 

(1) 

(2) 

where 

,~x. .= ~ (E - -  Eo): +  88 (Fo, + F:.o + Fo) ~' 

7e~(j  + 1 2 ~) / 'L  

~ '  = (E - -  ~o) ~ + } (Fo, + F,~~ + FoV' 

Fx. n ---- width for decay into XOn, 

Fe, -----width of X~ resonance of rest  mass Eo, 

Fo ----partial width to all other  channels ,  

E ~ to ta l  c.m.s, energy ,  

J ----angular momen t u m of 2T*. 

The energy dependence of par t ia l  widths is given by  the  expression 

F oc (q/E) . B~(q) , 

where 

q ~ momen tum of the  outgoing particles in the  c.m.s. ,  

E ~ to ta l  c.m. energy ,  

B~(q)---- centr ifugal-barrier  fac tor .  

The factors B~, derived by  BLAT~ and W~,ISSKOPF, are 

Bo ---- 1 ,  B,  ---- (qr)2(1 ~- (qr)~) -1 , 

where r is a radius of in teract ion (~-1 fm). For  S-wave product ion of the  X ~ 
we obtain 

Fxon oc ~ .  

Similarly, for S-wave 3W* we have F~, oc k* /E .  However,  the  values of E and k* 
vary  by  only 1.5 % and 2.6 %, respectively,  over the  p* range from threshold 
to 170 MeV/c and so one ma y  write 

Fx.~ = r p * ,  re,  = c l  

16~  P . G .  MOYSSIDES, It. N. K. ShRMA, J. CARR, :ETC. 
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Similarly, for S-wave 3W* we have F~, oc k* /E .  However,  the  values of E and k* 
vary  by  only 1.5 % and 2.6 %, respectively,  over the  p* range from threshold 
to 170 MeV/c and so one ma y  write 

Fx.~ = r p * ,  re,  = c l  

(=γp*)

binding energy ~8MeV  
total width ~3MeV

注: X0はη’のこと。

relatively large B.R. into πN?
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photoproduction cross section close to threshold 9

V. CREDE et al. PHYSICAL REVIEW C 80, 055202 (2009)
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FIG. 12. Shown is the linear energy dependence of the squared
total cross section, σ 2

tot, for the reaction γp → pη′ close to the reaction
threshold of Ethres ≈ 1447 MeV.

flat angular distributions. The expected energy dependence of
the reaction at the threshold is given by [41]

σ (Eγ ) ∝ (Eγ − Ethres)l+1/2 l = 0, 1, 2, . . . , (11)

where l denotes s, p, d . . . waves, etc. For s-wave dominance,
a linear energy dependence of the squared total cross section is,
thus, expected close to the reaction threshold. The differential
cross sections shown in Fig. 11 have been used to determine
the total η′ cross section and to study the energy dependence.
Because the data cover the full angular range, no extrapolation
is needed. Figure 12 shows the incoming photon energy plotted
versus the squared total cross section. A linear dependence is
clearly observed and a fit determines the energy threshold to
(1442.6 ± 3.8) MeV, which is compatible with the value of
(1446.38 ± 0.48) MeV derived from the η′ mass listed in the
PDG [15]. The mass of the η meson was determined by the
TAPS/A2 Collaboration in a very similar procedure [1,42].

D. The total cross sections

Figure 13 shows the total cross section for η photoproduc-
tion. Because of the complete solid angle coverage, no extrapo-
lation is required and the data points are truly experimental. In
the low-energy range, the S11 partial wave dominates the cross
section. The solid line represents our previous PWA solution
and is not a fit to these data; the two states N (1720)P13 and
N (2070)D15 saturated the total cross section [8]. A new PWA
solution, including the new CBELSA/TAPS data presented
here and other data sets, is in preparation. It is clear that
single- and double-polarization variables are required to firmly
establish resonance contributions. Coupled channel fits to
many reactions can also help; in particular, when three-body
final states are included, the phase of two-particle partial-wave
amplitudes is tested in the crossed channel.
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FIG. 13. Total γp → pη cross section. The data points (•) are
calculated by summation of the differential cross section; the gray
line represents the result of our previous partial wave analysis.

A small anomaly is observed at 1.73 GeV/c2 in the total
η cross section. As discussed earlier, recent data off the
neutron show a pronounced bumplike structure at 1.68 GeV
[22], which has been suggested to signal the existence of
a narrow baryon state with (M ≈ 1.68,$ ! 30) MeV/c2.
In particular, the possibility that this state could be the
N (1650)P11, nonstrange member of an antidecuplet of pen-
taquarks is certainly interesting [43–45]. Figure 14 shows
the total number of η → γ γ events for the tagger channels
419–431. The data have been fitted using a polynomial to
indicate the smooth behavior of the distribution. The data
point at 1.73 GeV/c2 in the total cross section is based on the
photon energy interval Eγ ∈ [1100, 1150] MeV defined by the
tagger channels Eγ ∈ [421, 426]. No statistically significant
enhancement is observed in Fig. 14 over the small energy range
under investigation to explain the anomaly, and a narrow state
compatible with the observation in the total cross section can be
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FIG. 14. Total η → γ γ yields per tagger channel number cov-
ering the energy range of the anomaly observed in the total η cross
section. The data point at 1.73 GeV/c2 (see Fig. 13) is based on
channels 421–426. No statistically significant enhancement can be
seen in the excitation function.

055202-10

V. Crede et al., PRC 80, 055202 (2009) 

Figure 3. Total cross section for γp → ηp as a function of the c.m. energy from the Crystal Ball/TAPS experiment at MAMI-C [18]
(solid circles). The hardly visible uncertainties are of statistical nature only. Other determinations shown for comparison are from
MAMI-B [19] (open triangles); CLAS-g1c [20] (open circles); CLAS-g11a [21] (open diamonds); GRAAL [22] (open diamonds with
crosses); LNS [23] (horizontal bars); CB-ELSA [24] (open squares); CBELSA/TAPS [25] (crosses).

extracted for the full angular range in the c.m. frame, using
3.8 · 106 γp → ηp → 3π0 p → 6γp accumulated events.
This allowed the most precise binning in energy and angle,
enabling the reaction dynamics to be studied in greater de-
tail than previously possible. The Crystal Ball/TAPS data
agreed very well with previous equivalent measurements,
but are remarkably superior in terms of precision and en-
ergy resolution [18].

These differential cross sections were integrated to de-
rive the total η-photoproduction cross section shown in fig-
ure 3 in comparison to previous measurements [19–25].
As can be seen clearly from the binning of the new Crys-
tal Ball/TAPS at MAMI-C data the statistics are unprece-
dented. These data have been included in a new SAID par-
tial wave analysis [26] and the Reggeized η-MAID partial
wave analysis [27], and have proven to be a substantial
contribution.

Recently, first preliminary η′-photoproduction cross
sections have been determined with the Crystal Ball/TAPS
setup at MAMI-C. Differential cross sections for the range
of Eγ = 1450 MeV to Eγ = 1570 MeV have been ob-
tained with very high accuracy from η′ → ηπ0π0 → 6γ de-
cays. This is also reflected in the total η′-photoproduction
cross section shown in figure 4, where the Crystal Ball data
are compared to results from CBELSA/TAPS. Though the
data from Crystal/TAPS are limited in the photon-energy
range they show the very high accuracy in the threshold re-

gion already achieved at MAMI-C with a first preliminary
η′ production run.

Figure 4. Preliminary total cross section for γp → η′p from
the Crystal Ball/TAPS experiment at MAMI-C (black error bars).
Uncertainties are of statistical nature only. These data are com-
pared to CBELSA/TAPS results [25]

Lepton and Hadron Physics at Meson-Factories

00024-p.3

M. Unverzagt for the A2 collaboration, 
EPJ Web of Conferences 72, 00024 (2014) 

pπ=1432.1 1435.6 (MeV/c)
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possible experiment at J-PARC 10

Measure (π,2π) in large acceptance TPC in dipole magnetic field 
  π-p→π+π-n, π0π-p           2 charged particles + 1 neutral particle 
  π+p→π0π+p, π+π+n                                          →missing mass technique 
	
�
	
πN→KY (2-body reaction) 
    π-p→K0Λ,  
    π+p→K+Σ+  (I=3/2, Δ*) 

π+- beam on liquid-H target 
(p= 0.73 – 2.0 GeV/c 
W=1.5-2.15 GeV) 
 
LH target: Φ5cm 

LH.target.

18 

E45.HypTPC.Spectrometer.

Hyp-TPC Superconducting Helmholtz 
Dipole magnet (1.5 T) 

Trigger with hodoscope 

π beam 

J-PARC E45�

•  Deeper understanding of non-pertabative QCD 
•  Preceise measurements of baryon resonance 

properties 
– Many resonance have not been established 

experimentally 
–  πN→ππN: “Critical missing piece” for the N* 

spectroscopy 
– New πN→ππN data will provide                     

1.significant modifications to the current N* mass       
2.discovery of new N* states.  

•  Search for new type baryon states 
–  e.g. hybrid baryons (qqqg)�

NSTAR2015� ��

Studies of Baryon resonances in (π,2π) reaction for�

π-p→η’n

π+π-η

π+π-π0
B.R.=43%

B.R.=23%

@ J-PARC K1.8 (existing beamline)
detected by forward neutron counter

detected by “HypTPC”

K. Hosomi, presentation at NSTAR2015

feasibility study in progress 
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η′N

π-p→η′n

‣ η′N

J-PARC HypTPC
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