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Deeply bound pionic states
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Strong interaction and pionic states
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Strong interaction and pionic states
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Production method; (d,’He) reaction
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Deeply bound pionic atoms at GSI

— 24Sn(d3 1 1151 B T 1o
< 30__ Sn(d;3He) Calibration - 1181 BSOS O B 12 N I r h rt
12380 | 1s ] uciear cna
20_ : 117Te 118Te 115Te OTe
100 . e ey 5o
— L 4 116Sb 117Sh 118°Sh 1155 Sh J 1225h g 124Sh 1258bh 126°5h
51| © B[MeV] !
> O_ | | | | OI 1| 2| 3' 4| 5| | | | |:
© gy 29Sn(d3He) | : 1215n 1 1255n
= L .
= l
.E.' 20 Sn | 114In 116In 117In 118In 115In 120In 12Z1In 12ZIn 123In 124In
49 i
G 100
© i | SRRl 115CA PREEel 117Cd 118Cd 119Cd 120Cd 121Cd 122Cd 123Cd
L [ B[MeV] .
S ol . | o1T2345 !
~~ - |
Nb 0L 116Sn(d,3He) | 1124 11342 1144g 1154g 11647 1174c 1184z 1194g 1204g 1214g 1224Ag
o o |
- 115G :
20+ 111Pd 112Pd 113Pd 114Pd 115Pd 116Pd 117Pd 118Pd 115Pd 120Pd 1Z21Pd
100L =
X + 110Rh 1
45 L B[MeV] L 1 1 | | i - - .
of BN pionic atoms measured in GSI
360 365 370 e .
3He Kinetic Enerqy [MeV] =X B i 73 ™
K. Suzuki et al., PRLO2 072302 (2004) NuDat

Systematic study of pionic Sn isotopes

~ 3 month measurement for 3 isotopes
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Extract b; from experimental data
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Extract b; from experimental data

Contour plot of x2
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Extract b; from experimental data

Contour plot of x2
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Experiment at RIBF, RIKEN
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First production experiment in 2014
@ RIKEN (11 days)

NISHINA

aim of the experiment
- iImprove the resolution ~ 300 keV

- first step of the systematic study with enough statistics
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First production experiment in 2014
@ RIKEN (11 days)
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1225n: relatively large cross section
175n: first odd-A target
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13

Experimental setup

RIKEN Fragment Separator
BigRIPS

SHe ~ 102Hz p~105Hz
(signal)  (break up/ background)

Superconducting
Ring

d beam 250 MeV/u

Cyclotron
Ay
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Experimental setup: detectors
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Tracking by MWDC = °He ~ 10°Hz p ~ 105 Hz
(signal)  (break up/ background)

Measured position, angle @F5
+
transfer matrix

PsHe + reaction angle at target

NiSHINA Multi Wire Drift Chamber
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Production run: 22Sn target

position spectrum of 3He
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Production run: 22Sn target

position spectrum of 3He \Eex spectrum of 1215n
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The spectrum seems to achieve the best resolution
‘.}% among the past deeply-bound pionic atom experiment.
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17
Fitting of the Eex spectrum : 225n target
AN o T O o
e blue solid line : fit function
) T
VA fit region 4_ production threshold

139.57 MeV

The Eex spectrum is fit by the function with several components
— deduce binding energies and widths of pionic states

NISHINA % calibration of Eex is still on going...
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Fitting of the Eex spectrum : 225n target
Oreac < 1.00
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background (solid line / flat)

+ 1s pionic state (dashed line)

each pionic state

— several configuration

with different neutron holes
1972, 2ds(i), (ii) each configuration

\\ — Voigtian / exp is fixed

o hoe Eox v (#51e STl

""""" 22 | 0000 @ 009

 Ahme 0.006 | | 0.001 |

""""" 3sie . 0060 1

Y lgm o096 00038
A 2ds2 () ¢ 1.121 0.12

NISHINA | 2ds2(i) | 1403 | 0.06




MIN2016, Kyoto, August 1st 2016

19
Fitting of the Eex spectrum : 225n target
PN - Orexe< 10
e background (solid line / flat)
2p :
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+ 1s pionic state (dashed line)
+ 2p pionic state (dashed line)
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20
Fitting of the Eex spectrum : 225n target
PN - O }0
s background (solid line / flat)
2p :
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+ 1s pionic state (dashed line)

+ 2p pionic state (dashed line)
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21
Fitting of the Eex spectrum : 225n target
N - Orexe< LU
I S yd background (solid line / flat)
+ 1s pionic state (dashed line)
+ 2p pionic state (dashed line)
+ 3p, 35 state (dashed line)
Fitting parameter Fixed parameter
- relative strength of each state * BEsp, BEss
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Fitting of the Eex spectrum : 225n target
Oreac < 1'.00
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: quasi-free 7" :
,;;.. fit region Mg <« production threshold :
A i 13957 MeV i

Deduced BE+s, ['1s, BE2p
— b1, ImBoin r-A s-wave optical potential

Vi(r) = —7[61{500("“) + b16p(r)} + €2Bop(r)*}].

'''''
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Fitting of the Eex spectrum : 225n target
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139.57 MeV

“op state — good calibration peak
Deduced BE+s, ['1s, BE2p
— b1, ImBoin r-A s-wave optical potential

Vi(r) = —%[Gl{bop(r) + b16p(r)} + e2Bop(r)?}].

NISHINA % bo , ReBo are deduced from data of light / symmetric pionic atoms
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Fitting of the Eex spectrum : 17Sn target
Oreac < 1'.00
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: quasi-free 7" :
,;;.. fit region Mg <« production threshold :
A i 13957 MeV i

Deduced BE+s, ['1s, BE2p
— b1, ImBoin r-A s-wave optical potential

Vi(r) = —7[61{500("“) + b16p(r)} + €2Bop(r)*}].
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Breac dependence of each components

(pionic states in ?'Sn)
0.0-0.5° :
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.— large angular momentum transfer
NISHINA

. — finite n state increase (2p)
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Breac dependence of each components

(pionic states i in 116Sn)
0.0 - 1 0° /|
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/11.0-1.5°

S state
decrease do/dQ)

0 p state
Increase do/dQ)

Large Oreac
. — large momentum transfer

.— large angular momentum transfer

.— finite n state increase (2p)
NISHINA
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Breac dependence of each components
(pionic states i in 16Sn)
0.0 - 1 0° /|
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11.0-1.5°

Large angular acceptance of the spectrometer@ RIKEN i0
enables us tc observe angular dependnce of d2c/dEdQ ......

Ldrge Ureac
. — large momentum transfer .
.— large angular momentum transfer |
Vs . - finite n state increase (2p) '
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Summary

- Deeply-bound pionic atom is good probe for QCD in finite density,
especially for quark condensate via b1 parameter in 11 - A potential.

- To determine the b1 precisely, experiments of pionic Sn isotopes
are on going at RIKEN.

- In the first exp. , we measured with the target of '22116Sn, and succeed in

- improvement of the resolution,
- observation of the pionic 1s, 2p and 2s states in 121, 116Gn,
- observation of angular dependence of these states.

- Analysis to deduce b1 from measured BE1s, ['1s, BE2p Is in progress.

NISHINA

28
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(Near) future works
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The next exp. are already approved in PAC at RIKEN
with wider range of isotopes.
The exp. will be performed in a few years.




