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NSCL’s Experimental Facility Plan
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NSCL provides accelerated beams of heavy ions from
oxygen to uranium, including rare isotope beams

Typically 30 experiments per year, each requires
several different beam tunes
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Coupled Cyclotron Facility
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2 coupled cyclotrons
primary beams: oxygen to uranium
K500: 8 - 12 MeV/u, 2-8 eµA
K1200: 100 - 160 MeV/u, up to 2 kW

A1900 fragment separator
to produce rare isotope beams
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Rare Isotopes produced at NSCL

more than 1000 RIBs have been produced (2001-2012)
more than 860 have been used in experiments
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Experiments at CCF

Primary Beams

100,102-104,106,108,110,112Sn
134Te

60-66,72-78,80-86Ge
64-70,76-91Se

104,105Sb

70-72,79-94Br
76,78,84-99Rb 86-103Sr

87-106Y 80-81,91-108Zr
83-84,93-111Nb 84-85,96-112Mo

99-115Tc 100-118Ru
104-112,116-122Rh 106-115,118-125Pd

108-117,121-128Ag

69,72,81-96Kr

41-61Sc 39-40,43-63Ti
44-66V

52-75Co 48,54-64,67-78Ni
57-58,62,71,73,75-80Cu 60,62-63,72,74,76,78-81Zn

65-68,75-80,82-90As
63,64,71-75,78-83Ga

45-46,50-71Fe48-70Mn

36-58Ca
32-50Cl

35-56K 31-53Ar
28,30-48S27-45P 22-24,26-44Si23-43Al 20,22-38,40Mg20-35,37Na 18-32,34Ne17-27,29,31F 13-24O12-23N 9-17,20C8,10-15,17,19B 7,10-12,14Be7-9,11Li 4,6,8He1-3H

96,110-119,125-130Cd
98,113-122,126-127,131-133In

43-44,46-68Cr

status September 2011
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Overview of the Fragment Separation Technique
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A1900 Diagnostics Setup
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Beam Diagnostics

scintillating viewer plates

on rectractable drives

at all images in A1900

and transport beamlines
beam

viewer

camera

red CRT phosphor (Y2O2S:Eu)

KT&C KPC-EX230 HLI 

0.0003 lux with 1/3" CCD sensor
lens f1.4/75mm

36Ar, 40 MeV/u    10,000 particle/sec
ultra low light bullet type camera
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Beam Diagnostic at Production Target

Radiation-hard CID cameras
(CID8710D1M, Thermo CIDTEC)

remote electronics in shielded area

radiation tolerance: >1MRad (γ)

camera lifetime ~ 1 year

new camera after 9 months use
radiation estimate
in target area:

neutron equiv. dose for
15pnA Kr beam (0.2 kW):

1 Rad / hour @ 50 cm distance
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Detector Setup in new Focal Plane Box

2 PPACs
variable

slits

vacuum box length: 1m

all detectors on remotely
controlled drives

large access door for
easy maintenance

position x, y, x', y'
Etotal, TOF∆E, Etotal 

PIN stack
Ge detector

scintillator

TOF

timing
scintillator

∆E

PINviewer

alternative
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Particle ID with Microsecond Isomers...

PIN stack

Ge detectorORTEC 120% or 80% Ge detector

mounted in retractable, re-entrant can

close geometry to silicon PIN stack
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of µsec isomersN=Z+3

124Xe (140 MeV/u) + 9Be (390 mg/cm2)

Detector setup at focal plane

∆E, TOF 

PPAC

position x, y

stack of Si PIN diodes
500 µm + 3 x  1 mm

80% Ge
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Particle Identification in A1900

O. Tarasov et al., NSCL experiment 05120

PID with PIN stack detector

208Pb, 85 MeV/u + 9Be
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NSCL Large Area High Rate PPAC Detector

• large active area: 400 x 100 mm2

• segmented cathodes: 160 x 32 strips

• individual strip cathode readout,
(FE electronics from STAR TPC)

• homogenous low mass thickness
(2.2 mg/cm2 Al equivalent)

• streched PP foils with Au strips

• isobutane, pressure 5 Torr

beam

5 mm

anode

segmented
cathode

(70 µg/cm2 PP)

pressure
window

(6 µm Mylar)

• position resolution: 2.5 mm

• high count rate stability:
800 kHz tested
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NSCL PPAC Detector Readout
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• continous sampling into switched capacitor array
(512 capacitors/channel, 10 MHz sampling freq.)

• delayed readout trigger (up to 40 µs)

• double hit resolution possible
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Diamond as Particle Detector

"Solid-State Ion Chamber"

Ubias

ohmic
 contact

relativistic
charged
particle

preamplifier

drift field: ~ 2V / µm

drift velocity: 200 µm / ns

diamond band gap: 5.5 eV

→ no need for pn-junction 
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Why Diamond?

Outstanding properties of diamond 

Extreme mechanical hardness (90 GPa)

Highest known value of thermal conductivity at room temperature
(2 x 103 W / m / K)

Broad optical transparency from the deep UV to the far IR
(detectors are not light sensitive)

Diamond is a semiconductor (bandgap 5.45 eV)
very high room temperature resistivity (~ 1016 Ohm cm)
(detectors need no cooling, no pn-junction needed)

High charge carrier mobility (~ 2000 cm2/Vs)
(fast rise time of detector signals)

High energy needed to remove carbon atom from lattice (80 eV)
(detector are radiation hard, difficult to destroy with beam)
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Single-Crystal Diamond Detector

76Ge, 100 MeV/u, 106 particles/sec

preamp signal rise time  ~ 0.5 nsec

low-noise, broadband (2GHz) preamps 

beam structure from cyclotron
(frequency ~25 MHz)

2500-250 ns

grown at MSU (B. Golding)

hetero-epitaxie CVD

thickness 20 µm

Ir back layer (300 Å)
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Diamond Detector - Time Resolution
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78Kr, 87 MeV/u

no degradation of time
resolution up to rates of
2 . 106 particles/sec
= 107 particles/(sec mm2)

intrinsic detector resolution
σ = 15 ps

beam

det1 det2



stolz@nscl.msu.edu

Diamond Strip Detector

Poly-crystalline CFD diamond
active area 9 x 9 mm2

thickness 100 µm (35 mg/cm2)
4-fold segmented cathode, common anode
single-strip readout
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Diamond Beamline Timing Detector

active area 28 x 28 mm2, 200 um thick

front side:4-fold segmentation

back side: no segmentation  

readout from both strip sides:
investigate position resolution
(time difference)

investigate thickness homogeniety
over active area: can detector be used
at dispersive focus?
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Diamond Beamline Timing Detector

First tests with alpha-source 

U-232 alpha-source, Ubias=-400V 

readout from both strip sides:
investigate position resolution
(by measuring time difference)

strip2_up

strip2_dwn

bottom_pad




