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NSCL's Experimental Facility Plan
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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 euA

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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Overview of the Fragment Separation Technique

Example: 86Kr — 78N
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A1900 Diagnostics Setup
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Beam Diagnostics

35 Z082 Image 3 3 scintillating viewer plates l camera
on rectractable drives
at all images in A19QO beam \/
and transport beamlines 7 viewer

red CRT phosphor (Y202S:Eu)
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ultra low light bullet type camera
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
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Radiation-hard CID cameras
(CID8710D1M, Thermo CIDTEC)

remote electronics in shielded area

radiation tolerance: >1MRad (y)

camera lifetime ~ 1 year

new camera after 9 months use
radiation estimate

31 2015 ObJect 31 2015 Obyect 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

variable
2 PPACs slits timing Ge detector o
scintillator viewer  PIN PIN stack  scintillator
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vacuum box length: 1m

all detectors on remotely
controlled drives

large access door for
easy maintenance




Particle ID with Microsecond Isomers...
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124%e (140 MeV/u) + 9Be (390 mg/cm?)

800 : PIN stack
[ _ gate on gamma energies
750 | Sn ~ D IN=z+3 | of usec isomers
o - Detector setup at focal plane
= 650 . stack of Si PIN diodes
3, f PPAC 500 um +3x 1mm
600 [ by o
% ; e 96pg
o - -
> 550 N i %
o)) e 93Ru
) . o
© 500 |- - - 9Mo
450 | - - L AE, TOF
D ! position X, y
400 B
350 Loy _-'1;.:_';_)' AR R E S TR S S R A B 80% Ge
460 480 500 520 540 560 580 460 480 500 520 540 560 580 600

time of flight [a.u.]

stolz@nscl.msu.edu



Particle Identification in A1900
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208pp 85 MeV/u + 9Be

PID with PIN stack detector

O. Tarasov et al., NSCL experiment 05120
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NSCL Large Area High Rate PPAC Detector

e large active area: 400 x 100 mm?
» segmented cathodes: 160 x 32 strips

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

* homogenous low mass thickness
(2.2 mg/cm? Al equivalent)

» streched PP foils with Au strips

* isobutane, pressure 5 Torr

H/ anode

segmented
| cathode
beam (70 ug/cm2 PP)

e position resolution: 2.5 mm

* high count rate stability: pvﬂ?ﬁfj‘g‘vrf

800 kHz tested (6 um Mylar)

5 mm



NSCL PPAC Detector Readout

STAR TPC front end electronic
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SCA = switched capacitor array

* continous sampling into switched capacitor array
(512 capacitors/channel, 10 MHz sampling freq.)

 delayed readout trigger (up to 40 us)
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Diamond as Particle Detector

ohmic
contact

relativistic P—
charged >
particle ~—©
preamplifier

drift field: ~ 2V / um
drift velocity: 200 um / ns

diamond band gap: 5.5 eV
— no need for pn-junction

"Solid-State lon Chamber"



Why Diamond?

Outstanding properties of diamond

Extreme mechanical hardness (90 GPa)

Highest known value of thermal conductivity at room temperature
(2x103W/ 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 cm?2/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)

ssssssssssssssssss



Single-Crystal Diamond Detector

Ir back layer (300 A)

76Ge, 100 MeV/u, 106 particles/sec grown at MSU (B. Golding)
hetero-epitaxie CVD
TekRun e e Trigd thickness 20 um
. ﬁ . .

beam structure from cyclotron
(frequency ~25 MHz)

preamp signal rise time ~ 0.5 nsec

low-noise, broadband (2GHz) preamps




Diamond Detector - Time Resolution

2 single-crystal
diamond detectors

(20 um + 35 um)

in transmission mount

detl det2

beam
>

no degradation of time
resolution up to rates of

2 - 106 particles/sec
= 107 particles/(sec mm2)
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Diamond Strip Detector

Poly-crystalline CFD diamond

active area 9 x 9 mm?2

thickness 100 um (35 mg/cm?2)

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
H O R O// % O H
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readout from both strip sides:
Investigate position resolution
(time difference)

investigate thickness homogeniety
over active area: can detector be used
at dispersive focus?




Diamond Beamline Timing Detector

First tests with alpha-source TekRun | o
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U-232 alpha-source, Upjas=-400V
readout from both strip sides:

investigate position resolution
(by measuring time difference)
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