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Overview of the status of STRASSE (A08)

I) Project A08
II) STRASSE
III) Motivations
IV) Silicon tracker
V) Future experiments
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Project (A08)

• New phenomena towards, at and beyond the drip line

• New frontiers in experiment and theory

• RIBF world-leading facility

A08: Shell evolution towards the neutron drip line:

• Island of inversion mechanism to be explored: in 42Si, 78Ni

• Search for low-lying excited 0+ states: in 28,30Ne and 34,36Mg

Caurier et al., PRC (2014)

0+ states, N=20
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STRASSE project

Liquid hydrogen target

Silicon trackers
STRASSE: (Silicon TRAcker for Spectroscopy at
SAMURAI Experiments) is a device intended to
be used for (p,2p) and (p,3p) reactions at RIKEN
in Japan.

It consists of:
• A cryogenic target (a 150 mm thick liquid

hydrogen target)
• A silicon tracker (two stacked DSSDs placed

inside the vacuum chamber)
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Courtesy of F. Flavigny, LPC

Beam direction



Motivations
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Thick LH2 target + tracker:
• Improved luminosities
• No carbon background
• Improved energy resolution (vertex)

1) Missing mass spectroscopy

STRASSE
ΔE~ 1.7 MeV

MINOS 
ΔE~ 6 MeV
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A. Obertelli et al. - Eur. Phys. J. A (2014) 50: 8

MINOS STRASSE
LH2 target radius 26 mm 15.5 mm

Detector type TPC Silicon tracker

Vertex resolution 4.5 mm 0.7 mm

Missing mass resolution 6 MeV (no missing mass) 1.7 MeV

ɣ-ray resolution at 1 MeV 10% (MINOS + DALI2) 0.6% (STRASSE + HPGe)

Trigger rate limit 1 kHz > 100 kHz

2) High resolution ɣ-ray measurement

CATANA   

GRETINA/
AGATA

STRASSE



Silicon tracker: general design
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Two type of DSSD modules (to be manufactured by micron):

Outer DSSD: 2x6 
Active area: 121x62.6 mm (605x313 strips)
Thickness: 300 μm
Strips pitch: 200 μm

Inner DSSD: 2x6 
Active area: 122x30 mm (610x150 strips)
Thickness: 200 μm
Strips pitch: 200 μm

• Vertex resolution < 0.7 mm
• Angular resolution < 0.7o
• Missing mass energy resolution ~ 1.5-1.8 MeV
• 1p efficiency ~ 85%
• 2p efficiency ~ 55%
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Low mass Microcable:

Ultrasonic TAB bonding
10 μm thick Al on 14 μm polyamide
Low capacitance: 0.382pF/cm



Silicon tracker: PFAD

Courtesy of A. Frotscher

SSD have been received and are waiting to be bonded

STRASSE PFAD
Target Liquid hydrogen (LH2) CH2

Number of modules 6 2

Detectors per modules 1x200 μm + 1x300 μm DSSSDs 4x100 μm SSD

Electronic channels 17478 4054

• Same electronic/readout as STRASSE
• To be used combined to CATANA
• 2p coincidence eff: ~7 % 
• Resolution: ~0.7 MeV 
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PFAD: Prototype For Advanced Detector



Tests at TU Darmstadt:
• Coupling of the CIB + FEB-C +

GBTxEmu have been tested
• Tests of the FEB6/2 are ongoing.
• Test with RIKEN DAQ

Silicon tracker: readout

GERI 
(PCI-e in 
DAQ PC)

FEB-C CIB
LUPO

• Readout adapted from the CBM experiment at GSI (with the support of J. Lehnert (GSI) and R. Gernhäuser (TUM))
• Triggerless system
• Integration to RIBF DAQ

In vacuum

GBTxEmu

FMC

Optic fibers

FEB-6

FE
B-

2

ClockTrigger
(RIBF 
DAQ)

Available in RIKEN
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48 bit timestamps

DSSD data

STS-XYTER2 

No. of Channel 128ch/chip, 94 chips 10mmx6.75mm 

Polarity Positive & negative 

Dynamic range 0~15 fC (high gain, 35mv/fC)
0~100 fC (low gain, 6mv/fC) 

Energy amplitude 5 bit Flash ADC 

Time resolution < 10ns, 14 bit time stamp 

Trigger Triggerless 
8 bit threshold after fast shaper 

Dead time ~0.8 us 

Power consumption 8 mW/ch

STS-XYTER2 

NIMA 908 (2018) 225–235 
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Am Source test, 1.5h241 

241AmSource
Entries  31
Mean    13.24
Std Dev     4.305
Constant  1.429e+02± 7.583e+04 
Mean      0.00± 14.65 
Sigma     0.004± 2.595 

Am Source test, 1.5h241 

Silicon tracker: readout

To detect high energy protons (up to 300 MeV):
• DSSD threshold < 100 keV.
• Required ENC at ~50 pF: < 2.8 ke- (10 keV) First source measurement

of 59.5 keV gamma rays
from 241Am.

CBM noise level

Courtesy A. Frotscher

241Am

Silicon 
detector
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~1.8 ke-

Ø Measured ENC (450 e-) better than expectations (550 e-)
Ø Measured ENC at 50 pF ~ 1.8 ke-



Experiments at RIBF

Proposals:

Approved - Grade A = Accepted:
• Search for multi-neutron states in 10He: 11Li(p,2p)10He @ 200 MeV/u - Spokespersons: T.

Nakamura and T. Tomai
• Determination of the nn scattering length from a high-resolution measurement of the nn

relative-energy spectrum produced in the 6He(p,pa)2n, t(p,2p)2n, and d(7Li,7Be)2n reactions -
Spokesperson: T. Aumann

• Cluster and nucleon knockout reaction studies of neutron-rich calcium isotopes -
Spokesperson: T. Uesaka

Approved - Grade B = Not accepted:
• Search for the first excited 0+ state in the doubly-magic 54Ca - Spokesperson: H. Liu
• Search for diproton correlations in the Borromean nucleus 17Ne via quasi-free knockout

(p,2p) reaction - Spokesperson: Y. Sun
Ø Only 45 days of beam time for BigRiPs + STRASSE under development
Ø Will be submitted again this year (December 2021)
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Publications:

• Quenching of single-particle strength from direct reactions - T. Aumann et al., PPNP 118, 103847 (2021)
• Pairing forces govern population of doubly magic 54Ca from direct reactions - F. Browne et al., submitted
• Break-up reactions and their ambiguities - M. Gomez et al., submitted
• Level structures of 56,58Ca unveil a hidden nuclear shell - S. Chen et al., in preparation
• One-neutron removal from 52Ca and the magic character of N=32 - M. Ravar et al., ongoing analysis
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Validation experiments at HIMAC

Acce
pted !

Second experiment: 
16O(p,2p)15N with STRASSETwo HIMAC experiments

Spokesperson: V. Alcindor
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First experiment: 
PFAD commissioning 

Elastically scattered protons
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Timeline
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2021 2022 2023
CATANA PLUS

PFAD

2020

LH2 target

STRASSE

Commissioning 
PFAD - HIMAC

10He PFAD 
experiment - RIKEN

First STRASSE 
experiment - HIMAC

Development

Development

Development

Development

STRASSE 
experiments - RIKEN

prop exp

exp

expprop

prop exp expprop

Ø H. Liu et al. overview paper in preparation (2021)
Ø All DFG documents have been submitted to M. Brunken for review (March 2021)



Collaboration

Valerian Alcindor - Project A08SFB Workshop March 24-26, 2021 13
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• TU München (Germany): R. Gernhäuser, B. Michael

• LPC (France): F. Flavigny, D. Goupillère, A. Matta

• TiTech (Japan): N. Ebina, Y. Kondo, T. Nakamura, N. Nakatsuka
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Supported by:


