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Figure 6. Dependence of ∆VTHGEM2 on the effective gas gain Geff in 0.3-atm D2. Each electric field (ED,
ET and EI) was fixed to 1 kV/cm/atm.
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Figure 7. Dependence of ∆VTHGEM2 on the effective gas gain Geff in 0.4-atm D2. Each electric field (ED,
ET and EI) was fixed to 1 kV/cm/atm.

4.2 Dependence on the electric fields of the drift, transfer and induction regions

The dependence of the effective gas gain on each electric field was also measured. In these mea-
surements, the strength of the electric fields, with the exception of the field of interest, were fixed
to 1 kV/cm/atm and each bias voltage ∆VTHGEM1 and ∆VTHGEM2 was fixed to 500V. Figure 8
shows the dependence of Geff on the drift field strength ED. Geff increases with the ED until
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Figure 1. Schematic view of this work. High voltages
VM, V2U, V2D, V1U and V1D are biased independently.

Figure 2. Photograph of readout pad with the
alpha source. Readout pads below the straight
path of the alpha particles are connected in a
row to collect the charges.

preamplifier was treated by a shaping amplifier (ORTEC 571) and the pulse height of the shaped
signal was recorded by a multi-channel analyzer (MCA) (Kromek 102).

A schematic view of the gas supply system used in the present work is displaced in figure 3.
For an adequate gas supply, a gas regulator for low-pressure conditions was employed. The oxygen
contamination in the chamber and the leakage of hydrogen/deuterium are monitored continuously.
For the oxygen contamination, an oxygen concentration sensor JKO-25LJII (from JIKCO Ltd.) unit
was employed at the outlet pipe of the vacuum pump. Gasman M07630 (from CROWCON Detec-
tion Instruments Ltd.) unit was used as a hydrogen leak monitor (no alarm was triggered during the
measurements). The procedure of the gas operation before starting the measurement is as follow-
ing. Once we pump the chamber and achieve a gas pressure ≤ 0.4 kPa, the hydrogen/deuterium gas
is filled. After filling the gas, the gas flow becomes purer (O2 level under 0.1%) with respect to the
concentration of deuterium inside the chamber while monitoring the oxygen contamination level
and the gas leak rate. Because the flammability limits based on the volume percentage of hydrogen
in oxygen at 1 atm are 4.0 and 94.0, we had to keep the oxygen concentration inside the chamber
less than 6%. Low oxygen concentration is very important not only for safety but also for avoiding
electron attachment by oxygen molecules in the gas. The oxygen concentration level was always
kept less than 0.1% through out the entire measurement. Guided by GARFIELD++ simulations of
electron attachment, a transverse diffusion with oxygen concentration levels lower than 0.1% and
a drift field strength higher than 1 kV/cm/atm, the recombination during the drift is assumed to be
negligible in our measurement.

3 Measurement

In order to evaluate the performance of THGEM, the effective gas gain, Geff, was derived. The
effective gas gain is defined by the following relation, which is the amount of charge collected on
the readout pad divided by the primary charge:

Geff =
Qpads

qe ·∆E/Wi
, (3.1)
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Bragg curve for deuteron in 0.4-atm deuterium
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Estimation of delta-ray by irradiating high intensity beam
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1.2 Methods

1.2.1 Overview of traditional method used in normal kinematics

Nuclear incompressibility KA and ISGMR energy EGMR are directly connected to each
other by an equation:

EGMR = h̄

√
KA

m < r2 >
, (4)

where m and < r2 > denotes the nucleon mass and mean square radius of matter[4]. The
ISGMR was identified in 1977[5, 6] and was the subject of a number of studies through
the 1980s[7, 8, 9]. Most of the earlier investigations of the isoscalar giant resonances used
inelastic α scattering at 100-200 MeV and the strength of a particular giant resonance
was assumed to be concentrated in a single peak with a Gaussian or Lorentzian shape.
More recently, there have been giant resonance measurements using inelastic scattering
of 386-MeV α particles at extremely small angles, including 0◦ at RCNP (for instance ref.
[10, 11]) as well as with 240-MeV α particles at Texas A&M [12]. In both cases, multipole
decomposition analysis was performed to great effect to extract the ISGMR strengths.

The EGMR is usually referred to as a moment ratio of the strength distribution. In
the measurement for the tin isotopes, alpha particles were used as a isoscalar probe to
excite the GMR and the missing mass spectroscopy was applied to deduce the excitation
energy and scattering angle[1, 2]. Since the GMR is located in the continuum region,
multipole- decomposition analysis is employed to deduce the monopole strength from the
excitation energy and scattering angle distribution of the reaction spectra. The multipole-
decomposition analysis is enabled by forward-angle scattering measurement (including
zero degrees), where the angular distribution of the monopole strength is distinctly dif-
ferent from that of other multipoles, and also the monopole strength is largest at 0◦.
Optical model parameters required for the coupled channel calculation of cross section
for the excitation of various multipole can be deduced by analyzing the elastic scattering
data.

The incompressibility of a nucleus KA, may be expressed as:

KA ∼ Kvol(1 + cA−1/3) + Kτ [(N − Z)/A]2 + KCoulZ
2A−4/3, (5)

To extract the symmetric term Kτ of nuclear incompressibility in eq. (5), the deduced
KA’s for tin isotopes were fitted by the quadratic function of asymmetric parameter (N-
Z)/A assuming the KCoulis model independent and c ∼ 1 as shown in Fig. 1.

1.2.2 Reaction study on (d,d’)

It has been shown a few years ago, in a measurement at GANIL [14], that an attractive
possibility for measurement of giant resonances in nuclei away from the stability line is
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1.2 Methods

1.2.1 Overview of traditional method used in normal kinematics

Nuclear incompressibility KA and ISGMR energy EGMR are directly connected to each
other by an equation:

EGMR = h̄

√
KA

m < r2 >
, (4)

where m and < r2 > denotes the nucleon mass and mean square radius of matter[4]. The
ISGMR was identified in 1977[5, 6] and was the subject of a number of studies through
the 1980s[7, 8, 9]. Most of the earlier investigations of the isoscalar giant resonances used
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was assumed to be concentrated in a single peak with a Gaussian or Lorentzian shape.
More recently, there have been giant resonance measurements using inelastic scattering
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[10, 11]) as well as with 240-MeV α particles at Texas A&M [12]. In both cases, multipole
decomposition analysis was performed to great effect to extract the ISGMR strengths.

The EGMR is usually referred to as a moment ratio of the strength distribution. In
the measurement for the tin isotopes, alpha particles were used as a isoscalar probe to
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energy and scattering angle[1, 2]. Since the GMR is located in the continuum region,
multipole- decomposition analysis is employed to deduce the monopole strength from the
excitation energy and scattering angle distribution of the reaction spectra. The multipole-
decomposition analysis is enabled by forward-angle scattering measurement (including
zero degrees), where the angular distribution of the monopole strength is distinctly dif-
ferent from that of other multipoles, and also the monopole strength is largest at 0◦.
Optical model parameters required for the coupled channel calculation of cross section
for the excitation of various multipole can be deduced by analyzing the elastic scattering
data.

The incompressibility of a nucleus KA, may be expressed as:

KA ∼ Kvol(1 + cA−1/3) + Kτ [(N − Z)/A]2 + KCoulZ
2A−4/3, (5)

To extract the symmetric term Kτ of nuclear incompressibility in eq. (5), the deduced
KA’s for tin isotopes were fitted by the quadratic function of asymmetric parameter (N-
Z)/A assuming the KCoulis model independent and c ∼ 1 as shown in Fig. 1.

1.2.2 Reaction study on (d,d’)
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possibility for measurement of giant resonances in nuclei away from the stability line is
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