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Outline:

» Application: The SPECTRAP experiment
» Detector test setup in Munster

» Characterization of APDs (1100 nm detection)
— Results for RMD S0223 APD

» Test setup calibration for Single-Photon
measurements

» Detectors for NIR (1500 nm) Single Photon
detection
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voeease Laserspectroscopy with SPECTRAP

MiONSTER

Laserspectroscopy experiments at GSI:

@ Probing QED in extreme electromagnetic fields (up to 10'® VV/cm and 10° T) of
Highly Charged lons, where QED cannot be described by perturbation theory

— Precise measurements of Hyperfine-transitions in HCI (H-like, Li-like ions)

@ HCI to observe: H-like 2°"Pb81*

H-like 209RB;82+ Measurements of HFS transitions in two bismuth
charge states allows to disentangle nuclear
Li-like 2°°Bi80* structure effects and QED effects
AE ~ 500 eV Nuclear structure and QED contributions:

Iy 2i(j+ 1)
Quantum ’ M

)3
y q(ZJ.) A A(Zy)kl — b) 1 — b} =
DynallliCS Ty

ol 2o~ 1
s 1, FIF+1)—=IIT+1)—j(j+ 1 y
o 1/ * AEqrs =-3¢£h”_i ( + v ) A+ )”?-v(“
i // "
;/

<E=> [Wiem]
G

'/ Electro-

10" {

KE)MQED .
X ‘\\“
/ \\ \

) 10
® AE =~ 10 eV Nuclear Mass || Relativistic || Breit-Rosen- || Bohr-Weiss- QED
4 ' 1091 1072030 2050 60 70 8099 Zog ~ 102 Effect Effects thal Effect | kopf Effect Contribution

Nuclear Charge, Z

Eisenach, June 29" . 2010 Raphael Johren 3/18




MiONSTER

voeease Laserspectroscopy with SPECTRAP

Experiments
with particles
at rest

SPECTRAP:

@ 10°ions nearly at rest in
a penning trap
— narrow line width

@ Exitation of HF transition
with tunable laser

@ Difficulty: Photon
wavelengths from UV to
NIR have to be detected

¢ Cooler

trap

ion beam
_>

electrostatic
bender
4-jaw slit
deflector

Post
decelerator SIS
400 MeV/u
Stripper
target

Faraday cup 92+
electric Pp81+
quadrupole Bje0.62+

Einzel lense

liquid nitrogen tank
pulsed drift tubes

liquid helium tank
Helmholtz coils Electron COO“ng

trap and deceleration

cryogenic electronics
movable MCP

Eisenach, June 29" . 2010

Raphael Johren

4/18



WESTFALISCHE
WILHELMS-UNIVERSITAT
MINSTER

Why Single-Photon Counting?

hitigan

EU RTD N TWURK

@ Count rates depend on the
lifetimes of the observed
hyperfine states

@ Due to small solid angle and light losses
count rates of O(kHz) and lower are
expected

@ The wavelength region from 300 nm —
1100 nm could be covered by Avalanche

Photodiodes (APDs) — higher QE
compared to PMTs

Count rate estimates:

liquid nitrogen vessel

superconductoing magnet

Penning trap

liquid helium vessel -

excitation laser detector

isotope  wavelength photon rate detector expected count rate
209382+ 244 nm (625 + 225) kHz CPMs (125 4+ 45) kHz
07ppdlt 1020 nm (6,5 + 2,1) kHz APDs (1,3+0,4) kHz
209880+ 1555 nm (3,44 1,0) kHz Hybrid PMTs (440 + 130) Hz

Thesis D. Hampf, WWU Munster, 2008

— Single photon counting capability required
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Wit s, nevesiTiT SPECTRAP: Setup

MiONSTER
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momeewee  Characterizing APDs: Test Setup

MiONSTER

Electrical connection

@ 10_7 mbar Vacuum Chamber for temperature control Light guide
. . Turbomolecular
@ Cryogenic cooling to near LN> pump
o _a Detector
temperature (-178°C @ detector)

= HV supply up to 4 kV, adjustable on -/ -1
0.1V scale ’
Heating ©° for preamplifier
» LabVIEW based temperature control @ St s e

@ Single photons produced by applying Diaphragm
20 ns wide pulses (800 mV amplitude) =™

———— Cold Finger

tO a LED B Liquid Nitrogen
@ Grating spectrograph for determination o
of spectral response using a MI—T
continuous light source o o
_H_ = -
. . [|
@ Specially designed preamp layout: L
T [ TestInput
I
— Preamp equivalent noise level @J ﬁ
below 1 keV FWHM (without T
detector) = S—

+6V Supply Voltage
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momeewee  Characterizing APDs: Test Setup

MiONSTER

Vacuum chamber
with LN2 dewar

Detektor mount
. with preamp's

, - first stage and
~ shielding

: '|rst si;age
A T [

Rack with
electronics
and UPS
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mIELSH':fP:I:-CUHNENEREIT.?'«'T Investigated APD Types

MiONSTER

Avalanche Photo Diodes are a special type of PIN

™~
diodes, operated at high bias voltages. Primary — -
charge carriers are amplified by an internal Anodt -0 Cathode
avalanche process :@_»@—»-
Suitable for 300 — 1100 nm o '":@*8
— H-like ?"Pb®"* transition at SPECTRAP (1020 nm) . ‘T’: \
. PT Layer | NL\ayer \
Investigated APD types: Depletion Layer N* Layer

1) RMD S1315 (13 x 13 mm?, without substrate):

@ Have been investigated for ESR measurements due
to their large area

@ Problems: No stable operation achieved

2) Hamamatsu S8664-20K (2 mm diameter)
@ Problems: Gain at best SNR not sufficient

$8664-20K
3) RMD S0223 (2 x 2 mm?2, Al,O3 backing,) B\

|

|
@ High gain at optimum Noise to Gain Ratio

@ Stable operation
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wosre e Characterizing APDs: Measurements

MiONSTER

@ Photon Gain
measured with short
10000

LED pulses which Hamamatsu S8664-20K 113 K (275 V bias) ——
are coupled to the

APD via light guide “
1000 noise threshold

@ (Gain determination test pulse
by comparing /

amplitudes of LED \
pulses at different LED pulse

Peak sensing ADC spectrum of preamp signal

100

count rate

bias volages

@ Mean amplitude of
LED pulse at low

. ; 10
bias voltage is
defined as gain = 1

@ Electronic test pulse 1 . . , |
simulates 100 keV 0 1000 2000 3000 4000 5000
(1 MeV) signal channel
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Ve Oniversirir Investigation of APD gain

MiONSTER

@ Noise value is given by Gain of Hamamatsu S8664-20k type APD and RMD
FWHM of the LED APD types S1315 and S0223

pulse Bias voltage (Hamamatsu S8664-20k APD) [V]
50 100 150 200 250 300

* Best Noise to Gain Ham;matsu 8!8662r Zbk at 1é6°C( a{in)
Ratio of S0223 APD at RMD S1315 at —157°C (Saim

temperatures around 10* f - RMD 0223 at -176°C (gain) ———— ... ____________________ ___________________ .
-178°C and at 1480V % f
bias

@ Gain of about 7500 at
best SNR achieved
with S0223 APD 102 o --------------------- ------------------- e -------------------- :

@ S8664-20k and S1315
APDs exhibit large 10" b S— e e i
fluctuations in 5 f S$8664-20k
measured noise

characteristics 10° : ' ; a : i i
700 800 900 1000 1100 1200 1300 1400 1500 1600

@ Stable operation with Bias voltage (RMD APD) [V]
S0223 APD
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moeneseese DEtermination of APD working point

MiONSTER

@ Noise value is given by Noise to Gain Ratio of Hamamatsu S8664-20k type

FWHM of the LED APD and RMD APD types S1315 and S0223
pulse Bias voltage (Hamamatsu S8664-20k APD) [V]
, , 50 1oo 150 200 250 300
* Best Noise to Gain " " H tsu $8664—20k at —160°C (NGR) —se—
Ratio of S0223 APD at amama “"BMD S1315 at —157°C §NGR§ —
temperatures around ) i D 80223 at ~176°C (NGR) —B— .
-178°C and at 1480V~ '° % :
bias 31315
@ Gain of about 7500 at e | _______________________________________________________________________________________ <<
best SNR achieved f—

with S0223 APD §8664§-20k

@ S8664-20k and S1315

Noise/Gain [eV (Si)]

P OO SO OSSO T RSO OOL OVUUOTRRTTOOt SFTUOTRORTROOE SUTRY. . .~ I SOOI, NS, . NSO
APDs exhibit large 10
fluctuations in §0223
measured noise
characteristics 10 : : : : i : : :
700 800 900 1000 1100 1200 1300 1400 1500 1600
@ Stable operation with Bias voltage (RMD APD) [V]
S0223 APD

Eisenach, June 29" . 2010 Raphael Johren 12/18



e vensi Calibration of photon rates

————————— N UNSTER

@ Channel Photomultiplier as reference detector for Single-Photon sensitivity tests
(well known single photon response and QE)

@ PerkinElmer CPM 1993 with 2 mm aperture at the same position as S0223 APD

@ Determine dark count rate and signal rate for different settings of pulsed LED
— extract photon rates incident on APD

60

' Dark counilrate‘l ——t

850 mV « pu'se amp"tude CPM measurement 1 —x—

Dark count rate 2 +—%—
CPM measurement 2 —&—
50F_T1

||| 840 mv LED pulse settings:
ST - 100 kHz
F ||t \

H]J lm __8__3--0 _mV - 20 ns duration

l __ TI J l i Tﬂ T Ll - 5 ns rise/fall time -

800 mV

30

count rate (Hz)
—+

20

:T |

T T(L Xm £ Tr
10 | 1] ~—«T"_ o (L%H;El_ Lf“ |
I el
T

0 L L L L
0 5 10 15 20 25 30 35

measurement no.
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@ Assuming a QE = (4+£0.5)%

Extracted photon rates

Single photon detection
average dark count rates (<10 Hz) have been substracted

for the CPM at 635 nm, we 1200 ' v v ' ' _ _
can calculate incident . . CPM court rate EEE
' tracted incident photon rate (QE(CPM) = 4% +/— 0.5%) B
Fz)hrg:gna:)a;ﬁirtr the glven 1000 p Sacte .mCI P ooAnPrS gofunt(rate (25:0 mV tﬁregholdg +: -
@ APD dark count rate < 10 800
Hz at 60 mV threshold 2
.
@ Mean value for Photo ® 600
Detection Efficiency of g
S0223 APD at 635 nm: s 400
62% - 79%
@ Consistent with QE = 68% 200
from RMD datasheet
0
850 840 830 820 810 800 780
LED pulse amplitude [mV]
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weriusee o DEtectors for 1500 nm Transitions

MiONSTER

Intevac Intensified Photodiodes (IPD) Hamamatsu NIR PMT Module

@ Active diameter: @ 1 mm @ Active diameter: @ 18 mm detection
s Dark counts: ~2 MHz @ -40°C diameter for collimated light,
s QE @ 1500 nm: ~20% @ 1.6 mm effective PMT diameter

@ Dark counts: ~200 kHz @ -60°C

@ Measuring time per wavelength: QE @ 1500 20,
@ nm: ~£%

n_-(dark counts)

f= —02g @ Measuring time per wavelength:
2 2
Se __3210°Us o
with S = 3.4 kHz, n, = 3 and 3400%1/5%-0.017°

£= QE + CE (65%) = 0.13

_, Status- 2 devices ordered — Status: Device obtained on a loan

basis from Hamamatsu and tested
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Operating principle: Road map:
@ Primary electron from InGaAs @ Build custom housing for operation and
Cathode (930 nm — 1650 nm) cooling
@ Electrostatic acceleration of @ |nvestigate dark count rate as shown
primary electron onto an APD for InGaAsP type IPD (up to 1300 nm):
@ Up to 1000 charge carriers per HPMT SN 201, 1064 nm Wavelength
incident electron e TR
@ Another amplification by factor ) Photon Detection Efficienicy _
~10 due to the APD's avalanche ¢ ... | Lot B
i : <
process : =
E Dark Counts E
10% 1.0E+05 ¥
cathode g / 3
0% T : 1.0E+04

=30 =20 =10 0 10 20

Temperature (°C)

Xiaoli Sun et al., Journal of Modern Optics, Vol. 56, Nos.
2-3, 2009, 284-295
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Test: Hamamatsu NIR PMT Module

Test results:

@ Dark count rate of 300 kHz
observed at 25°C ambient
temperature

@ At 9°C ambient temperature: 160
kHz dark counts, but signal rate
decreased by factor 2

Dark counts vs time (cooled)
180

160 |
140 |
120 |
100 |
80 |
60
40
20 }

ambient temperature: 9°C

count rate [kHz]

O L L L L L
0 50 100 150 200 250

time since turn on [min]
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Dark counts vs time
trigger at 100mV

700
650
600
550
500
450 |
400 |
350 F
300 | -
250

ambient temperature: 25°C

100 150 200 250
time since turn on [min]

0 50 300

—> More investigation required

— Find best operating temperature
i.e. best QE to noise ratio

—> PMT module is fall back solution

in case Intevac IPDs exhibit
problems
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» The SPECTRAP experiment will perform precision measurements of
hyperfine transitions in selected H-like and Li-like HCI to test QED

» Due to long lifetimes of these states and limited solid angle we expect
fluorescence photon rates in the kHz region
— Single-Photon detection capabilities required

» APDs provide high QE and moderate gain at visible and NIR
wavelengths up to 1100 nm (SPECTRAP: H-like 2°’Pb3'* transition at
1020 nm)

» Current tests at 635 nm have shown a Photo Detection Efficiency
(PDE) in the 62% - 79% range at dark count rates < 10 Hz

» Determination of PDE at 1020 nm requires a calibrated Single-Photon
source at that wavelength
— Possibility of using correlated photons

» Detectors for 1555 nm Li-like 2°°Bi®* transition under investigation
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