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detection principle:

thermal signal:

after pErticIe absorption and decay of

.. . . . A
incident particle , [ | thermometer excifed elegtronic states (= 108 $ec):
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with energy E B 1 2
_ . gmrma isation = energy is converted
E heat (thermal phonons)
k thermal coupling 3
* en
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amplitude: AT =E/C (C = c* m = heat capacity)
rise time: T, =7y, (=1-10usec)
fall time: t,=C/k (=100 usec — 10 msec)



Optimization of the Sensitivity

a) absorber: maximum sensitivity AT = E/mc for

— small absorber mass m

— small specific heat c
due to: c = &I + B (T/6p) (6, = Debye-temperature)

electrons lattice

= low operating temperature = ,low-temperature detector”

(for insulators : a. = 0)

>

b) thermometer: for thermistor (bolometer): AT — AR — AU R,
= maximum sensitivity for large dR/dT r

— semiconductor thermistor

due to appropriate doping = exponential behavior of R(T)

— superconducting phase transition thermometer T



Potential Advantage over Conventional Detectors |

 small energy gap w
= better statistics of the detected phonons

semiconductor detector: w= 1eV

calorimetric detector: w <103 eV
calorimeter — N electr. — a)phon 1
semicond.det. N phon. welectr. 30

* more complete energy detection = better linearity and resolution
energy deposited in phonons and ionisation contributes to the signal
(for ionisation detectors: losses up to 60-80% due to: - recombination
- direct phonon production)
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CLTD's for High Resolution Detection of Heavy lons ’.

- Status and Perspectives il
W
Detector Design and Perfomance:
: heavy ions
slit ~ § aluminium-

low — thermometer

temperature___

varnish ~ absorber

e
copper
coldplate
\V
signal

absorber: sapphire-crystal: V=3 x 3 mm?2 x 300 ym

thermometer:  aluminium-film (d = 10 nm), T.=1.5°K (in the range of a “He-cryostat)
(for impedance matching to the amplifier: = meander structure)

readout: conventional pulse electronics +Flash-ADC's +Digital Filtering
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detector design:
- sapphire absorber
- pixel size: 3 x 3 mm?2

-operatedatT,=14-16K

- superconducting Al thermistor
10 nm Meander structure
=> photolithography (high purity!

detector array:

- 8 pixels with individual temperature
stabilization in operation
- active area: 12 x 6 mm?

T | CLTD's for High Resolution Detection of Heavy
i - Status and Perspectives
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cryostat:

-windowless
“He bath cryostat
- operated at 1.4 -1,6 K
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Implementation in the Cryostat

B detector array:
»> 8 pixels

> 12 x 6 mm? active area




- Status and Perspectives

e
detector performance: response to 32S ions @ 100 MeV
6 : : : :
N t_ =35ps 80 AE/E = 1.6x10”
rate capability: 41 T =150 ps] AE = 166 keV
> 200 sec’ fece 5 '
resolution: *% 40
AE/E = 1.6 x 103 S
2. ]
0 500 1000 1500 0 ore 102.0 102.4
time [us] E [MeV]
systematical investigation of energy resolution:
with UNILAC-beam: for 209Bj, E = 11.6 MeV/u = AE/E = 1.8 x 103
with ESR-beam: for 238U, E =360 MeV/u= AE/E=1.1 x 103
with Tandem-beam: for 192Sm, E = 3.6 MeV/u = AE/E = 1.6 x 103

=> for heavy ions: = 10 x improvement over conventional Si detectors
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Comparison of Detector Performance:

CLTD — Conventional Si Detector a
A
energy resolution: calorimetric ] conventional |
1200 4 E 400 Si - detector
example: ool detector i
S ol _ 3 ™ AE = 2808 keV
26 @ 20.7 MeV ) ) AE=OTkeV | %

T T T T T T T T T T
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for conventional ionization detector:
high ionization density leads to charge recombination

=> pronounced pulse height defects => nonlinear energy response
=> fluctuation of energy loss processes = limited energy resolution
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Application for Identification of Super-Heavy Elements 5

i .

for Z = 112: decay chains do not feed a known a-chain
=> mass identification of the superheavy nucleus required

Z =116 - nucleus 4
Separator }. ...................... ’ ................

E <0.3 MeV/u

() -2 8) %)

7 |

calorimetric detector

ultrathin 2C-foils + channelplates calorimetric detector:
AV 1107 AE 5307
Y E
(energy straggling in >C-foils negligible!) (semiconductor detector: AE/E = 5 +10?)
A

M-, *
) — =3 10 ° | form =300 = Am <1 amu
m



High Resolution Mass ldentification

experimental setup:  low energetic 238U ions @ UNILAC accelerator at GSI
thick

238 ions scatterer  TOF | S
BIM___/ 1ml C;Iorlmeter _)broe(‘g_eg%r?\%e(i}%r)lbutlon

— energy range: 65 - 150 MeV

350 —
= a0] Am (FWHM) = 1.28
> 2001
= 2507 N R ]
S 500 AN | ] < | 8y
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= : . : 1]
8 150 * . [ 100_
£ 100 \\ o S
) T | &)
5 50 ST
5 s
O O T T T T T T T T 0 N 1 T T T 1 N
60 80 100 120 140 160 234 236 238 240 242
ToF [ns] mass [amul]
>not reachable with conventional E-ToF system Data: A. Echler,

»advantage to Bp-ToF method: = high dynamic range PHD thesis (2012)
= not affected by charge state ambiguities

most recent result from measurements at Jyvaskyla: Am (FWHM) = 0.83 for '3'Xe ions



First Test Experiment at SHIP

S. Kraft-Bhermuth, PHD Thesis (2004)
(in cooperation with: D. Ackermann, F.Hessberger, S. Hofmann, G. Munzenberg)

reaction: %8Ni + 102Ry ="160Hf* = 155(156)Yp + 2p +2(3)n

156Yb 156Yb 156Yb
4.87 MeV 207( 4.92 MeV 247( 4.70 MeV 367( literature: 4.69 MeV 26.1 s
152Er 152El. 152El’
5.09 MeV 8.4 4.89 MeV 11.2 4.60 MeV 11.6 literature: 4.80 MeV 10.3 s
155Yb 155Yb 155Yb

5.44 MeV 2.0: 5.33 MeV 1.6; 5.35 MeV 2.0 ; literature: 5.20 MeV 1.8 s

=> dynamic range sufficient to detect heavy ion and its a-decay time-resolved
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de"Eector-Iavout:

96 pixels with F =5 x 5 mm=? each

active area: 3 x8cm?

position resolution: 5 mm

a-resolution: AE = 30 keV

mass resolution: AE/E<3x102% = Am=1amu

rate capability: > 300 sec'/pixel
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High Resolution Mass ldentification

important for many applications: isotope mass identification

standard method: disadvantage:
5. _ * needs big magnet spectrometer
TOIg =>\F/) m = p * small solid angle
vV e charge state ambiguity because of B * p = p/Q

(especially for slow heavy ions!)

alternative method:

energy =E =2_E heavy ion

t E
TOF — v m V2 | > }‘ ..................... 1 ..................

(W) - (F)-(%)

mass resolution is limited by energy resolution! = calorimetric detectors
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First Teé:t Experiment at SHIP

£l

. Detector pertormance by irradiation wit
source 1n the laboratory:

VeV a-particles ot a 3-line-
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|dentification of Superheavy Elements
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Theoretical Limit for the Energy Resolution
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For ideal calorimetric detector:

- thermodynamic fluctuations (quantum statistics)
- Johnson noise

- amplifier noise

= <AE>=§& '\/kBTscm 1<&<3

/ v

noise thermodynamic fluctuations

example: 1 MeV particle in a 1 mm3 sapphire absorber

300 K 3e10° J/K 1.8 GeV
10K 4107J/K | 40107K 700 keV
1K 4 1010 J/K 0.4 mK 2.2 keV
100 mK 41013 J/IK 400 mK 7 eV

=> for low temperature: microscopic particle affects the properties of a
macroscopic absorber
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Applications in Atomic and Nuclear PhyS|cs

*

. Introduction

Il. Detection Principle and Basic Properties of
Calorimetric Low Temperature Detectors (CLTD's)

Ill. CLTD's for High Resolution Detection of Heavy lons
- Status and Perspectives

V. CLTD s for High Resolution X-Ray Spectroscopy
- Status and Perspectives

V. Conclusions



Perspectives for Applications

High Resolution Mass Identification for:

® identification of reaction products from reactions with radioactive beams

(for slow heavy ions: no charge state ambiguities, high dynamic range)
= potential application at NUSTAR LEB, VAMOS, etc.

® identification of isotopes after in-flight gamma spectroscopy
= potential application at NUSTAR HISPEC (LYCCA)

® identification of superheavy elements (for Z = 113: decay chain does not
feed a known o chain): Am < 1 for m = 300 reachable

® identification of rare isotopes in accelerator mass spectrometry
=> high sensitivity

® identification of fission fragments

(replace the COSI FAN TUTTE spectrometer)
=> investigate structures in the mass distribution
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The success of experimental physics and the quality of the results
generally depends on the quality of the available detection systems !

—> idea: detection of radiation independent of ionisation processes
= calorimetric detector /s

particle or photon

potential advantaqge:

* energy resolution

interaction of radiation with matter: * energy linearity

primary: ionization, ballistic phonons e detection threshold
(conventional ionisation detectors)

secondary: thermalization:
conversion of energy to heat

e radiation hardness

=> various applications in
= detection of thermal phonons many fields of physics

= calorimetric detectors
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V. Conclusions

® Calorimetric Low Temperature Detectors have Substantial Advantage over
Conventional Detection Systems concerning Resolution, Linearity, etc.

® CLTD's for Heavy lon Physics have been designed, tested and used in First
Experiments.

® Possible Applications within NUSTAR, SPARC and other Projects seem to
be attractive.



