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Low-energy particle detection at
the Heidelberg Cryogenic Storage Ring

Claude Krantz *

Max Planck Institute for Nuclear Physics

* now: Marburg Ion-Beam Therapy Centre



1 — The Cryogenic Storage Ring

2 — Particle detection in the CSR
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Ion Storage Ring

* Recycle 1ons

(higher /)
* Increase ToF

(us to s) L o

c.g. allow
metastables to decay

Claude Krantz - Cryring@ESR Detector Workshop

e.g.
AT+ H, (g)

s AlaD+ 4 H2+
R

Oco ™ ThLv

GSI, 9th May 2016




Ion Storage Ring
+ Electron Cooler
* Recycle 1ons

(higher /)
* Increase ToF

(us to s) e.g.
e.g. allow Ad* + H2 (2)

metastables to decay . X
* Decrease ion beam — AlDt 4 H2

spread in phase space
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beam emittance

Storage time [ms to s]
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hysics with Storage Rings
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Fe21+ +e — Fe20+ + ,Y

(a) Experiment
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Rate coefficient (107*° cm?® s7™)

Savin, ApJ Suppl. Ser. 147 (2003)
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Atomic and Molecular Physics with Storage Rings

II] I'l
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Gas-phase chemistry in | T
ISM driven by H.: T oHOL e s
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e.g. Petrignani, PRA 83 (2011); Kreckel, PRA 82 (2010) 3%“ N,H
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t

. H
Formation of neutral molecules e
HO"+e— HO"+H Buhr, PRL 105 (2010) H

HCNH*+ e — HCN/CNH™ + H Mendes, ApJ Lett. 746 (2012)

1
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)
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Atomic and Molecular Physics with Storage Rings

CI“H

C,H,
Tu
(,H )
Tn i, C,
= I
CyHlyg e 1'1- e GH
C;H;

Rigidity limit

low ¢, high m

+ £ ¥ ] 1]
o 2N

— low velocity E o
HON v CHyCNH—+ CH,CN

— lots of res. gas scattering (background!) P, oy e
Gas-phase chemist — short storage time (no relaxation!) \“‘\-H_.m'_c__,(:;l:_”?

ISM driven by H*

H'+e— H+H-

e.g. Petrignani, PRA 83 (20TTTRICCRe, TR SZ T 20TY) 1B
. H,
Formation of neutral molecules frosmic s

HO*"+e—>HO"+H Buhr, PRL 105 (2010) H,
HCNH*+ e — HCN/CNH™ + H Mendes, ApJ Lett. 746 (2012)

+ IR radiation background (rot. trans.!)
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A The Cryogenic Storage Ring

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

Claude Krantz - Cryring@ESR Detector Workshop
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MAX-PLANCK-INSTITUT FUR KERNPHYSIK
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The Cryogenic Storage Ring

Beamline at~ T e

Fully electrostatic

Low energy (<300 keV/q)

? :
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The Cryogenic Storage Ring

Beamline at~ T e

T~6K, n,<140 em?, ¢ >>1000s
Fully electrostatic

Low energy (< 300 keV/q)
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Population

O'Connor et al., PRL 116 (2016)

Storage time (s)

Claude Krantz - Cryring@ESR Detector Workshop GSI, 9th May 2016



Cryogenics

@ XHYV vacuum chamber
6 K, ~10-'* mbar (rte)

@ 2 radiation shields
~30 and 50 K

@ Multi-Layer Insulation

@ [solation vacuum chamber (10° mbar)
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Electrostatic beam optics
4 periods

4 identical “corner” sectors
4 X 2 quadrupole doublets
4 x 2 6°-deflector electrodes (20 kV)
4 x 2 39°-deflector electrodes (=20 kV)

4 free straight sections (2.4 m, experiments)
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quadrupole

doublet
39° deflector

6° deflector
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2 6° deflector quadrupole
@ doublet
[ N 39°
deflector

Possible detector
positions
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Requirements for a CSR detector ...

Claude Krantz - Cryring@ESR Detector Workshop

2) Engineering challenges:

CSR cools to T e "
... and 1s baked to 250°C.

Target vacuum at RT: ~ 10" mbar.
Only non-magnetic materials allowed.

Needs to be a robust solution.
1) Particles are slow!

E <300 keV/g , typicallyg=1,m>>1
— 0.1...10 keV/u

— Surface electron emission/detection

GSI, 9th May 2016




Requirements for a CSR detector ...

Exp. rise at low T

— Risk of detector saturation
CHAMMEL

CHANNEL QUTPUT

INPUT
ELECTROM =

m EDR MCP

Py
=
(=]

Q,
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aQ,

Kuehnel, Proc. of EPAC 2008

T T T
150 200 250

Temperature (K)
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beams from
experiment
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Movable, narrow
entrance window
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The COMPACT Detector

MCP heating (res. wire)
(~ 200 mW, optional)

20 25 30 35 40 45 Secondary electron
e ' | eco : y
emission +

multiplication

4 HV electrodes:
“Daly”  (-400 V)
MCP-in  (+800 V)
MCP-out (+2700 V)
Anode  (+3000 V)

particles
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+ MCP Heating (+)

—  Needs 5 el.
potentials (+ gnd)

Claude Krantz - Cryring@ESR Detector Workshop GSI, 9th May 2016



PACT Detector

ODD

Actuator

Rot. feedthrough (spec. 77 K)
+ thread drive

(SS 316L screw / PEEK nut)
+ therm. decoupling ...

Thread drive

Spruck, PhD, Univ. Gieflen (2015)
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hardened CuBe2 PEEK separator
strips (flex. 300 K ... 4 K) >3 kV)

Claude Krantz - Cryring@ESR Detector Workshop GSI, 9th May 2016



PACT Detector

XHYV components: (~ 10" mbar at RT)

Bakeable to 250°C / non-mag. / movable at 6 K.
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Spruck, Rev. Sci. Instrum. 86, 023303 (2015)
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PACT Detector

[ T T T
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50 100
Time (ns)
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Room-temperature commissioning (2014)

19 March 2014: First beam at COMPACT

|
neutral products

count rate (Hz)

17 March 2014 (15:33):
First stored beam in CSR
YAt (1.25 keV/u)

time after inj (ms)
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At 300 K:
Count rates up
to 10° 5!
so far, so good ...

el eipthinly  Shaks ! e

Claude Krantz - Cryring@ESR Detector Workshop GSI, 9th May 2016



Arr+ X - Ar+ X

10000077 T — T 71T 1

» ~10K :
WMWW#‘WM%’. O
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x 10

Lol 1 Lol

7 Apr 2015
4 Apr 2015

o [y [ 0 o 1.

Count rate (s")
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T ||||||!
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Spruck, PhD, Univ. GieBen (2015)
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Storage time (s)

—

MCP resistance (GQ)

1Apr2015 %
30 Mar 2015~ LY

:
23 Mar2015 — ‘&
18 Mar 2015

Lol

I |IIIIII|

Lol

1 1 |IIIIII
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10 100 1000
CSR temperature (K)

— —

Krantz, in prep. (2016)
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UV photons Ar (1.5 keV/u)

L

Ar+ (1.5 keV/u)
s 6K

¥ (245 nm)
o 6K

. Sy "

y (245 nm)| DAr (1.5 keV/u)
e MOK| it s 10K

Lol 1 Lol

7 Apr 2015
4 Apr 2015

Ll
(o N o e o i Y e I [ e et

Counts (arb. units)

y (245 nm)| |1} OAr (1.5 keV/u) [
e 200K \

1 IlIIIIII

-
o

ol

0.25 05 0
Amplified pulse height (V)
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1Apr2015 %
30 Mar 2015~ LY

:
23 Mar2015 — ‘&
18 Mar 2015

MCP resistance (GQ)

Lol

Krantz, in prep. (2016)

For heavy particles @ 6 K (~ 1 keV/u)
no MCP heating necessary @

B T " up to ~ 1000 s™

CSR temperature (K)

Lol

o

o

y
_l

—

Krantz, in prep. (2016)
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Photo-
detachment
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from
experiment
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CSR at ~ 6 K: First Atomic- Physws
w1000,

DC experiments at 6 K 'Laser :  Laser | OH +y—OH+e¢
— stay below 1000 s-! Laser

w o
M

3 ~Laser f s gg@ e

(6 K, 3.5 keV/u)

p—
S
O

Count rate (s)
S

Low background level
-1

l
S
(U8
w2

[E—

A
o
=
o
—

3

i

(6K O05keVA) ) 0 300 400 500 600
Storage time (s)

<
[E—

v. Hahn et al., Rev. Sci. Instrum., in press

* Coy +y—Cox+e

At 6 K (no MCP heating):
Dynamic range ~ 3000 x
= 8 1/e lifetimes

o
o
|

M
%
>
)
o
Z,
=
(]
A4
o
)
iy
=
ja—
=
~
W
Z
k._k
5
Z,
<
—
R
>
<
=

Y
o
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Count rate (s')

Even more with MCP heating?
(to be tested ...)

Beam dumped

Krantz, in prep. (2016)

T ] T T T ] T
2000 4000
Storage time in CSR (s)
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Outlook: More COMPACT detectors

collinear
neutral-atom target

M
%
>
)
o
Z,
=
(]
A4
o
)
iy
=
ja—
=
~
W
Z
k._k
5
Z,
<
—
R
>
<
=

Claude Krantz - Cryring@ESR Detector Workshop GSI, 9th May 2016



NICE  “Neutral Imaging in
Cryogenic Environment”
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MOCCA: 4000-pixel (microcalorimetric)
energy resolving detector (SQUID-based)

% | zation pad
| erintorcon-
| | nection

: ;_ :..E - 4 LTI 1',_ . B il

] =B 1 ! 1
bl A '.;_‘:‘ ‘[ W I; -

I = B g bl ad otn elh 4 Ly s R s Y

'_p--;;.-;;----.;.-g

Gamer et. al, J. Low. Temp. Phys (2016)

S connections connections for
to SOUIDsS detector bias
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Precursor Experiments done
Development ongoing.

Novotny et al.
J. Appl. Phys. 118 (2015)
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That's all folks ...

We have a detector for the CSR that ...

... detects low-energy heavy products
with high efficiency at ~7 .

... 1s movable 1n the beamline at 6 K.
... 18 XHV bakeable and non-magnetic.

... 1s an affordable and robust solution.
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More detector
development at CSR
1s ongoing ...
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Thank You!

Max Planck Institute for Nuclear Physics, : Justus-Liebig University,

Heidelberg e Giefien JUSTUS-LIEBIG-
ﬁ UNIVERSITAT

GIESSEN
Klaus Blaum Holger Kreckel Aodh O'Connor

Robert von Hahn Oldfich Novotny Stephen Vogel Kaija Spruck
Patrick Wilhelm Florian Grussie Roland Repnow Stefan Schippers
Sebastian George Arno Becker Manfred Grieser

Christian Meyer (C.K.) Andreas Wolf University of Heidelberg

Kirchhoff-
Institut
fir Physik

Andreas Fleischmann
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Columbia University, Gb Université Catholique,

Christian Enss
New York Louvain-la-Neuve

Cow

Daniel W. Savin Xavier Urbain
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