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Outline of the talk:
Technical realization for single photon detection generated by residual gas
Energy scaling of signal strength and background, 1.4MeV/u< E,;,< 750MeV/u
Spectroscopic investigations for rare gases and N,
Profiles & spectroscopy for pressure range 103 mbar < p < 30 mbar
Conclusion
Application: Transfer lines and target diagnostics
Beam-based tests at: GSI UNILAC: 1.4 MeV/u < E,;,< 11.4 MeV/u

GSI behind SIS: 60 MeV/u < E,;, < 750 MeV/u

Tech. University Minchen TANDEM with S: 3 MeV/u
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Expected Signal Strength for BIF-Monitor Q
Physics: jome [ T T T T
Energy loss of hadrons in gas dE/dx *

—> Profile determination from residual gas

Proton energy Ioss:
in 10"/ mbar N5

S I 1078 L using SRIM

> lonization: ~ 100 eV/ionization : 5

» Excitation + optical photon emission: : synchrotron )
~ 3 keV/photon —4 LINAC

10" F <€ —> E
10N source ]
>

energy loss dE/dx [eV/m]

. . e . C v vl v vl 0wl v vl vl
lonization probability proportional to 0ol o1 ) 10 100 1000 10000

dE/dx by Bethe-Bloch formula: energy [MeV]

2 2
_dE = const In| const-Z p —,82
dx v Winax

Target electron density: T o 1/E,;, (for E,;> 1GeV nearly constant)

Proportional to vacuum pressure
— Adaptation of signal strength

Strong dependence on projectile charge for ions sz
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Beam Induced Fluorescence Monitor: Principle O
BN\ A~ -
Detecting photons from residual gas molecules, e.g. Nitrogen
N, +lon — (N,")* +lon — N, +y + lon
390 nm< A< 470 nm

emitted into solid angle Q2 to camera “\\
. . N
single photon detection scheme

N,-fluorescent gas
~equally distributed

Features:

» Single pulse observation possible \0“‘0
down to =1 ps time resolution N
> High resolution (here 0.2 mm/pixel) VIEWPOIL SIZE
can be easily matched to application | \——
» Commercial Image Intensifier |
» Less installations inside vacuum as for IPM
— compact installation e.g. 20 cm for both panes

40 ac

20

beam direction
—_———— =

Q
horizontal prafile [mm]

g0 —-40 —20

=

er. pixel int.

Beam: 4x1010 Xe#8* at 200MeV/u, p=10"3 mbar ® Liot_
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BIF-Monitor: Technical Realization at GSI LINAC

BIF stations at GSI-LINAC (4 realized, 2 in preparation):
» 2 x image intensified CCD cameras

» double MCP (‘Chevron geometry’)

» Optics with reproduction scale 0.2 mm/pixel
» Gas inlet + vacuum gauge

» Pneumatic actuator for calibration

» Insertion length 25 cm for both directions only
» Advantage: single macro-pulse observation

7N BB

Horizontal BIF
y =
71 Image Int. CCD

wn®
-
-

Image intensifier
Photocathode Y

F. Becker (GSI) et al., Proc. DIPAC’07, C. Andre (GSI) et al., Proc. DIPAC’11
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BIF-Monitor: Technical Realization

“p
BIF station for single photon detection at GSI-LINAC:
— Comparison taper coupling versus relay lens coupling :H g / l
T Taperi [ =
Adv.antag.e of taper (.:Olljp|lng. ai——1 1 MW 1 P T
> higher light transmission 2 > < [f, fﬁ Valve
> no vignetting *]\ | T ‘. w1 N
[ Taper coupled Image Intensifier BEAM
Relay-Lens =
/ &
o) A )
Fiberoptic i 6@‘30 @o& Photons
Taper & o\oo"’ 390-470 mn
: Lens with -
_ Relay-Lens [T = [i]| remote iris e /
C l S5 |l 7 o &, {cas
0 [ N e
| o # / - N2
Advantage of relay coupling: 3 — A ’ f/j-
» CCD camera is changeable RS RRlpRR IR Ienaer Eﬁ i
» lower light transmission acceptable due to high MCP gain ,
R cy C. Andre (GSI) et al., Proc. DIPAC’11
- ESN
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Examples from lon LINAC at GSI
W T .

Single pulse observation

4.7 MeV/u Arl%* beam

|I=2.5 mA equals to 10 particles
One single macro pulse of 200 ps
Vacuum pressure: p=10- mbar (N,)

40

viewport size

e

020

vert. profile [mm]

=]
— <
0 o o) ol

aver. pixel int.
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Operating software at UNILAC
Partly used by operators

| ProfileView 1.0 BIF TK6 - Virtual ACC 8

04 May 11 192750
Select BF monitor

BIF TK2 - Virtual ACC 8
BIF US1 - Virtual ACC 8

BIF T2 WirtAcc 8 (¢
Current pressure: = 4. 91E-06mbar
Demanded pressure: 5.00E 06mbar
S.006.06 : Setpressure

Fixed scale | Auto scale _
\ @ Save projections to file
EU status: ac

Pause Close

o uas | s |
Current pressure: = 5.086-06mbar
Demanded pressure: 5.00€-06mbar

500508 3 setseessre
Fixed scale | | Auto scaie | [N

@ Save projections to file

: active
Status: ac Pause

v| [ ewust  wirthces |:
Current pressure: =8.81E-07mbar
Demanded pressure: 6.00E-09mbar
6.00609 |: Setpressure |

I —— ]

@ Save projections to file

— Status: active

Pause Close

ProfileView 'User Mode'

Operator’s Control
parameter:

Vacuum pressure only

ProfileView 'Expert Mode'

SN
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Examples from lon LINAC at GSI O

\ A 0. SR g = n WS ./ RS T

Single pulse observation

4.7 MeV/u Arl%* beam

|I=2.5 mA equals to 10 particles
One single macro pulse of 200 ps
Vacuum pressure: p=10- mbar (N,)

40

viewport size

e

IO‘kllBOII‘

o
— <
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15 -

—

aver. pixel int.
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vert. profile [mm]

Time resolved observation

Variation during the macro pulse detectable:
Switching of image intensifier (within 100 ns)
— 20 us exposure window during macro-pulse

— 50 | ‘ T ‘ T
g width within 20 us
S 45 e .
_; F - = S
> 40T - . 7 8 mAAro
= [ 2 |
T 35 - +4 at 1l MeV/u
E | . ‘ | ‘ L |
. ! — ‘ ! ‘ I |
< 10 - intensity within 20 us [arbauH

E N . g A |
— r Lay LEEETTE o

o L :

§4r -

Y —
R o Qi ee— : | s \ ‘ \ : NP

O 50 100 150 200
<> time [us]

Time range for SEM-Grid

Further application: Background suppression
by matching the exposure to beam delivery

GSN
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Energy Scaling behind S1S18 at GSI

T
BN\ |
Image from 1.10° U E,., dependence for signal
p= 2.10"3 mbar, & background close to beam-dump:
mounted =2 m 4000 PN S T S E—
before beam-dump: § 3000 - i
; EEGDD —- — BetheBloch—fit ._
> E = —
i S, 1000 -
] = o
0 —t 1+
0 200 400 600 800

ion—energy [MeV/u]

» Signal proportional to energy loss
> Suited for FAIR-HEBT with = 1019 ions/pulse

» Background prop. E,;,2 = shielding required

» Background suppression by 1 m fiber bundle

. SN
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Shielding Concept for Background Reduction

Effective neutron shielding:
moderation and absorption

(@]
(¢}
O

\NER\N|

™~
B3
\\
T |
/////

~

| veacam |

[NNNERNNNN
W

. . — e.g. 0.5 m concrete
FLUKA simulation: g -

Shielding of 1x1x1 m3 concrete block:
900 MeV/u BIF monitor 2m to beam dump
= vy & n reduction 95 %

Fiber-optic bundle with =1 million fibers: N G
» Commercial device for reduction of 1 Wy

background and CCD destruction | & : € o
» Image Intensifier and CCD in shielded area

» larger distance but same solid angl
Experimental results:

»No significant image distortion
»Low scintillation by n & y inside bundle
un-shielded: =30 % increase of background

Y\
ICCD-camera

Lo = & 4

GSN
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Spectroscopic Investigations for N, and Rare Gases O
WM T . WO i

Investigations of light yield and wavelength spectrum for N, and rare gases.

Imaging Spectrograph installed behind UNILAC: Wavelength selective beam profile

ION BEAM in RESIDUAL GAS

< SPHERICALLENS >

ENTRANCE SLIT
I

ROI-profile

4
&
5

T ——

GRATING

| ROIl-spectrum

A

5-20 PHOTOCATHODE
in the IMAGE PLANE

\_‘

Beam parameter for detailed exp. at GSI (different gases, constant pressure):
s%* at 5.16 MeV/u with 3-1011 pps, 2000 macro-pulses, pN2:10'3 mbar o
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BIF-Monitor: Spectroscopy — Fluorescence Yield O

a8
A\ g S Beam: SB* at 5.16 MeV/u, py,; =107 mbar
Results of detailed investigations: 3 400 500 600 700 800
[ L] L L L] [ L LU L L UL
> Rare gases and N,: green to near-UV <2 Efficiency]
: S .
» Compact wavelength interval for N, g k
0 P T

» Fluorescence yield: N, ~ 4x higher as rare gases

= N, and Xe are well suited !

Relative fluorescence yield Y (all wavelength):

%)
c
gas | Y for p | Y for p/n, S
S,
Xe 86 % 22 % £
o
Kr 63 % 25 % =
Ar | 38% 30 % : : reum
I 0 0 ° [ 7
% 08)_
He 4 % 26 % K T
3 —Ni 3
N, | 100 % 100 % — | E rogens
N,: gas electron density oc energy loss < beam influence 3 A &
300 400 500 600 700 800
| th
F. Becker (GSI) et al., Proc. DIPAC’09, Collaboration with TU-Minchen wavelength [nm] o
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BIF-Monitor: Spectroscopy — Profile Reading O

T

N O S Beam: S°* at 5.16 MeV/u, py, =10 mbar
Results of detailed investigations: DO N N A
\ —— Efficiency.

» Rare gases and N,: green to near-UVv
» Compact wavelength interval for N, _
> Fluorescence yield: N, = 4x higher as rare gases 8
» Same profile reading for all gas except He

= N, and Xe are well suited !

[%]
o = N w &

Normalized profile reading for all A:

)
= 1,07 : : =
= _ Profile reading equal >
5 Nitrogen for all gases except He | £
> 0,81 —— Helium %
S —— Argon .
o) C
R
0 > T 6 Helium
3 041 8
E :L oy ! | 3 i | . | o | .
2 027 S 3 o Nitrogené
d 3 E
T s 6 4 2 0 % 4 6 b AN
, . 300 400 500 600 700 800
beam profile width [mm] wavelength [nm]
F. Becker (GSI) et al., Proc. DIPAC’09, Collaboration with TU-M{inchen s
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Spectroscopy — Excitation by different lons

“h
BN\ .S T . maw /7 RS ™
For N, working gas the spectra for different ion impact is measured:
1,0 -
3 —p @ 4,76 MeV/u
Results:

2 — S8+ @ 5,16 MeV/u

» Comparable spectra for all ions

- Ta?* @ 4,77 MeV/u

> Small modification due to N5*
dissociation by heavy ion impact
» Results fits to measurements
for proton up to 100 GeV at CERN
— Stable operation possible for N,

Nitrogen spectra [arbitrary units]

1 12

A

600 700 800
wavelength [nm)]

Care: Different physics for E;, < 100 keV/u < Vo <V Bohr
— Different spectra measured

M. Plum et al., NIM A (2002), A. Variola, R. Jung, G. Ferioli, Phys. Rev. Acc. Beams (2007),
GSN
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Variation of N, Pressure over 6 Orders of Magnitude O

4
BN\ W - T - W /RS ™
UNILAC: Ni®*at 4,5 MeV/u Behind SIS-18: Xe*%*at 200 MeV/u
oo nn L raam L L1
-5103_ +  statistical error — -;1106— O  single sequence ° N
0 N B S N B
3102 | ® average value u {;105 . ® average value B
a i P )
1 &
E1o - — fit: y=asx® [ E10° - — fit: y=aex® |
[ = Bqn3 =
gnoo - b=1.08(5) - 510 - b=102(5)
Ll IIIIIl (] (] IIIIIII [ (] IIIIIII m
— 5 II I ] lllllll I I IIIIIII ] I lllllll 102— | . ] | | —
E 4 - | E:’)O - o -
— 258 B
370 @ - 320, ¢ : E—
= o o0 T B O g
5 000 ¢ i
Z ) - Eojgpimed T Y40
N L1085 m
5 19 unac 1019 Ni®* @ 454 AMeV und B © 5 | Hesr 2.10° Xe*®* @ 200 AMeV und -
Q 0 p = 108 mbar bis p = 103 mbar o 0 p = 103 mbar bis p = 3 mbar
Jl UL R AL T T LI """|_ _'|'|'|'|'|'T T |||||||'| o T T 1
10° 10° 10 107 0° 1?2 10" 1
N, pltessure [mb.or] N, pressure [mbar]
Results: signal amplitude oc p and o = constant
=> gas pressure up to 1 mbar is a free parameter
GSN
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Spectroscopy — Variation of Gas Pressure @)

“1
B\ 4 " % T Beam: S at3 MeV/u at TU-Miinchen TANDEM [0

. 3 mbar

Task: To which pressure the methods delivers 4oz
a correct profile reproduction? it
Investigated: 10°3 mbar < p < 100 mbar .
-3 mbar
Secondary electron might excite residual gas: St 2 mbar
— 05F i) : +0 mbar ]
= mean free path at 10 mbar: ryg, >> lpeay 3 f iy 3" :

. : 0,0 [usialsis Y
— mean free path at 10 mbar: r ¢, << ryoqn Z 10 fne ; e b
Observation: pressure dependent spectrum £ 055 3| T ;5-11mbbaf :
'_; , -_ ég ........ +1 mbar _-
(O] 3 J
10-2 mbar (—E Y RV IER LR T AOTE PRV SRR,
\rmeN3O mm S ——1E-3mbar
LU U N IR R et 1E-1 mbar 1
,/ 101 mbar 'HEIRRREE! RERRRRERR ke 3E+1 mbar 7]
|I Fmp™ 3 MM , M il i
|\ I l — 1E-3 mbar _
\ i0**mbar | | P= : |\ | 1E-1 mbar 4
\\QBOmIT rmeN 30 Mm ........ 3E+1 mbar -
@100mm 300 400 500 600 700 . 800
F. Becker et al., IPAC’12 and HB'12 wavelength [nm]
SN
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Image Spectroscopy — Different Gas Pressures and Profile Width Q

AN &, v v A ~ 1 J MBe—= T
Detailed investigations of BIF for various gases from 10-3 mbar to 100 mbar

Imaging spectrometer = wavelength and profile information: status preliminary data analysis

Beam:

S @ 3 MeV/u
at TANDEM
TU-Minchen

Data analysis
preliminary!

. becker et al., IPAC’II.2;8_L_H]I3’12
P. Forck et al., CERN, April15®", 2013 BIF-Monitor Developments



Image Spectroscopy — Different Gas Pressures and Profile Width O.

BN o WL TR L O 7 RS TN
Observation: Trans. of ionic states e.g. N,* — profile width independent on pressure

Trans. of neutral states e.g. N, — width strongly dependent on pressure!
» lonic transitions A=391 nm:
N, + ion—(N,*)* +e+ ion—>N,*+ y+e + ion
N,* @391nm: B2Z* (v=0) — X=Z* (v=0)

large o for i lon- -excitation, low for e-
?Eﬁ ,"B->X (0- 0)@3 1nm :;E:msar | N,C- >B (0-0) @337 nm el _ . . . ‘
= 1E:2 Eb:: _ 20 | 0 100 200p|xe\300 400 500 |
= o] | = 4
i% 0,50 :?E:Or;iaarr L 'g' * ::— | | | N, -
= ~——— 3E+0 mbar E 15 — bk 2 1
. b
- ‘ £ N, trans. M|
0,00 : SRS ! ’ =
2 4 6 8 10 12 14 4 4 = L 0
vertical beam profile [mm] 2 veni:al bear:\ proﬁleiﬁmm] ’ 1 l]?; 10 @337 nm 0 ‘p :.30 .mba‘r
% o 100 200pixe|300 400 500
»Neutral transitions A=337 nm: E 45l . B
N,+e > (N)*+e >N, +y+e ‘ A A, 4 4 AL L g o 9
i i i N,* trans.@391
N, @337nm: C3I1,(v=0) — B3I1,(v=0) 00 bl et i
large o of e~ excitation., low for ions 00 T w0 100 100 100

N, equiv. pressure [mbar]

F. Becker et al., IPAC’1[2=8§H113’12
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Image Spectroscopy — Different Gas Pressures and total Profile Width
B\ S iy Beam: S at 3 MeV/u at TU-Minchen TANDEM e

Entire spectral range — effect is smaller
but significant disturbance for He and Ne

Task: To which pressure the methods delivers
a correct profile reproduction?

Results: S
m
» avoid 102 mbar < p < 10 mbar < >
73]
chose either r ¢ >> ryeam OF 1o<< Tpean &
> use transition of the charged specious 8
.
1072 mbar S
I~ 30 MM
AN
)/ 10-1 mbar
I Fongn ™ 3 mm
1 1
| TEE
\ mbar
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WS S S S —

[ ——1E-2 mbar

L —— 1E-1 mbar
05 i\ —— 1E+0 mbar

[ /W, — 3E+1 mbar
0.0 MM*H':.:‘J \L..._ —
1.0 HAr

o

F. Becker et al., IPAC’12 and HB’12

i, all transitions

6 8 10 12 14
vertical beam profile [mm)]

GSN
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Alternative Single Photon Camera: emCCD g

o 1500
Principle of electron multiplication CCD: o ICCD » f°°t°r 1.4

—— EMCCD (bin)

Electron Multiplying
CCD Single

Architecture Pixel

Photodiode

Direction - ] o
— -15 0 [15 ] 30
: horizontal profile [mm
Tanster A8 il g Extended P
rray ultiplication ) . .
Register Results: Suited for single photon detection
o _ x5 higher spatial resolution as ICCD
Multiplication by avalanche diodes: more noise due to electrical amplification
Masked Storage Area of Electron Multiplying CCD i
Frame-Transg'er CCD Extended Muﬁl{)llcgatlon = Acts as an alternative

Register Configuration

Parameter of Hamamatsu C9100-13
igh Voltage Serial . . . 2
Ml pllcation Register ~ Output Pixel: 512x512, sizel6x16um

e- e Amplifier . - .
: ’T‘ M Maximum amplification: x1200
s -l Temperature of emCCD sensor: -80 °C
Readout noise: about 1 e per pixel

. - SN
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Comparison BIF <> IPM at GSI LINAC with 4.7 MeV/u Xe?* O

‘1
: ; C ison of BIF and i;! files in Different Gas .
- - - omparison o an rotiies In pirreren ases

Test with LIPAc design and various beams oy
) i ' :";' L ;|i||[1m'11ii|"' '|"":
Comparison IPM without MCP and BIF [ p=1E-5mbarg 87 I ;
osf* BIF "6, =473mm °, .
= Advantage IPM: 10 x lower threshold as BIF s PM T o =4T2mm :

: : : 00 S
= Disadvantage IPM: Complex vacuum installation, s Sl - E
. . L o= l N
image broadening by beam’s space charge 0ot . oy 470mm T :
u G o= 4,66 mm ia

-]l'I|l=..| | ] ] IIIIE
OYO: " " ) 1
05 6. =427 mm

B BIF

_ ]
O’O :-_-_-JIL-J_-_Q_l_l_u_L'_W=]..|_.|_|_|_|_|_|_L|IL-_-_-.|_-

; = gLl :
05 F a0y =403mmt 1

B ]
Opoy= 424 mMm g

0,0 I_IJJLIJ_L!J_._._._._l_.._'_,,J.J..._.._._._l_._._LI.LLLI_-.

C [ ]

- l l @-

- _ l .
0,5 ® ooy~ 420 mm .

. ' o Op=420mm " ]
I MLLLLELN ]
. r * . Xel]
Design by CEA 05| " o= 424mm .
N - =421 mm g

NN B e 1

Measured Normalized Beam Intensity [a. u.]

e

‘forLIPAc 0o mnsmmuum . B
5 10 15 20 25 30 35 40
. . width [mm)]
Collaboration with J. Egberts, J. Marroncle, T. Papaevangelou CEA/Saclay 214
J. Egberts (CEA) et al., DIPAC’ 11, F. Becker (GSI) et al , DIPAC’11 Beam: 1.1 mA Xe=™", 4.7 MeV/u
GSN
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Comparison BIF <& IPM for He Gas 9

Variation of Helium gas pressure: Comparison BIF vs. IPM Profiles in He-Gas @ p

> Profile broadening for both detectors ol | IBF!;I o ,,,, D
» Large effect for BIF (emission of photons) Fp=1E5mbar " g0 mm': ]
» Comparison to SEM-Grid and BIF "F _' Sy 591 mm g b
= Helium is not suited as working gas ooftesamatans®f i Beees

[ p = 1E-4 mbar
101 '==lll|"=

. 8 0, =747 mm o ]
b " o,,=565mm = ]
[ .

00 mBiaee®®®®®, ), 1t Sleaa]
1,0 [p = SE-4 mbar

npge )
uld '-=l|l.|-
] L
m ©

u
" o= 9,12 mm o '..

Normalized Intensity [a. u.]

i ]
SF Wt e op,=674mm "]

Qob';ﬁt.“|.“.h..u..n|.”.ln.9m.-f
1,0 Fp = 1E-3 mbar ]

oge= 8,96 mm o

Design by CEA i R
‘forLIPAC Oy():-J'-'----|----|----l----l----l----I-----

width [mm]
Collaboration with J. Egberts, J. Marroncle, T. Papaevangelou CEA/Saclay 214
Beam: 1.1 mA Xe<", 4.7 MeV/u

J. Egberts (CEA) et al., DIPAC’11, F. Becker (GSI) et al , DIPAC’11 &
- G5s
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Summary Beam Induced Fluorescence Monitor C?
A\ ' NS T MmO /RS0 T
» Non-destructive profile method demonstrated (single photon detection possible)
» Operational usage at UNILAC started, pressure typ. p < 10" mbar

» Considered for higher beam energies E > 100 MeV/u

» Shielding concept partly demonstrated

» Independence of profile reading for pressures up to 1072 mbar for N5, Xe, Kr, Ar
» Different pressure dependence for several optical transition (preliminary result)

> N, is well suited: blue wavelength, high light yield, good vacuum properties

» Xe is an alternative due to 10-fold shorter lifetime: less influence in beam’s E-field
» He is excluded as working gas due to wrong profile reproduction

» Modern emCCD might be an alternative

» Future: Investigation of shielding and radiation hardness of components

» Future: Transfer of spectral investigations from 3 MeV/u to E > 100 MeV/u

» Future: Investigation as target diagnostics for RIB, neutrons or antiprotons
Thank you for your attention!

SN
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Spare transparencies
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Spectroscopic Investigations for BIF of N,: Wavelength O
R T

= Expected transitions in near-UV to blue
(as for slower and faster collisions with protons)

ROI-profile

| ROIl-spectrum

¥pectral intensity [arb. units]

Beam parameter: S®* at 5.16 MeV/u with 3-101! pps, 30 400 500 600 700 800

—10-3
2000 macro-pulses, pn,=10" mbar wavelength [nm]
SN
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Spectroscopic Investigations for BIF of N,. Profile Reading
B\ " T . O O TREESE ™

100 ] e o LN, .

= Expected transitions in near-UV to blue

(as for slower and faster collisions with protons)
— Same profile reading for all lines

[%]

N, gas

ctral intensity [arb. units]

beam profile width [mm]

Beam parameter: S®* at 5.16 MeV/u with 3-10311 pps, 00 400 500 600 700 800
2000 macro-pulses, ppp =10 mbar wavelength [nm]

. SN
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B\

= Expected transitions in near-UV to blue
(as for slower and faster collisions with protons)

Spectroscopic Investigations for BIF of N,: Light Yield O
LA T . W 7 RS TN

— Same profile reading for all lines

— Light yield of N, is factor 4 higher as rare gases
= N, is well suited !

Normalized light yield for all A:

[%]

gas | I:p n, | I L: prea /Z
Preal

Xe 41 % | 86 % 22 %

Kr 45% | 63 % 25%

Ar 50% | 38% 30 %

He 21 % 4 % 26 %

N, | 100% | 100% =7 100 %

Beam parameter: S°* at 5.16 MeV/u with 3-1011 pps,
2000 macro-pulses, pyo =10 mbar

Prea! £ o< N, oc dE/AX StOpping power

P. Forck et al., CERN, April15®, 2013

100

spectral intensity [arb. units]

300 400 500 600 700 800

wavelength [nm]
GSN
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Spectroscopic Investigations for BIF of N, and He -
N TN . WO 7 [~

= Expected transitions in near-UV to blue

(as for slower and faster collisions with protons) £ 4

—> Same profile reading for all lines

— Light yield of N, is factor 4 higher as rare gases

= N, is well suited !

Normalized profile reading for all A: 7 1w B R I
o 1,01 T (MR E | DL . S
€ - — Nitrogen Profile reading equal ;
¢ 087  —Melium for all gas >
£ — Argon t He Il =
i Krypton except He ! 2
S, 064 =
" —— Xenon =
! 2
I > &
c Comparable results for
e 0% roton and Ta beams
2 >
(o
* 0,0 —r 1 - T ' 1T T " 1T T " 17
10 8 6 4 2 0 2 4 6 8 ,
beag‘ profile width [mm] 11 300 400 500 600 700 800
Beam parameter: S°* at 5.16 MeV/u with 3-10>* pps,
2000 macro-pulses, py, =10"° mbar wavelength [nm]
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Usage as a Diagnostics of a Gas Target Q

BN\ - T . Y TRESSE ™

The properties of a gas target including beam overlap can be monitored:
The light yield is proportional to beam current x gas density
Example: UNILAC Gas stripper at 1.4 MeV/u

Gas-Jet

Beam size [mm]

30 20 40 0 O
Projection along beam path [mm]
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o O
.. Pressure-Variation. by 6.OM .. =

UNILAC (4,5 AMeV) SIS-18 (200

'?IO | + statistical error
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1 ey i
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Spectroscopy — Color and Fluorescence Yield @

.i.
BN .~ ¥ —alm_
Results of detailed investigations: PED N D et CY D NS 800
> Rare gases and N,: green to near-Uv _ 3 —— Effoiency.
. X 2 2
» Compact wavelength interval for N, =L ]
» Fluorescence yield: N, ~4x higher as rare gases o 5 | :

= N, and Xe are well suited !

Relative fluorescence yield Y (all wavelength):

gas |Y forp | Y for p/ng g
Xe 86 % 22 % =
Kr 63 % 25 % /pé
= -

Ar 38 % 30 % 5 r | .
4) 8

He 4 % 26 % "’_, I

N, | 100 % 100 % - — Nitrogen 3

N.: gas electron density o« energy loss < beam influence 3 L A3

300 400 500 600 700 800
wavelength [nm]
ESN
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Spectroscopy — Profile Reading
BN w—ma_“

Results of detailed investigations:

T |
! —Ef'ficiency_'

» Rare gases and N,: green to near-Uv
» Compact wavelength interval for N,

» Fluorescence yield: N, ~4x higher as rare gases R 3
» Same profile image for all gas, except He :

= N, and Xe are well suited !

[%]
O—‘I\th

Normalized profile reading for all A:

o
) 1,0 - . ] c
= _ Profile reading equal >
= —— Nitrogen f I tH o
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5 3 3
=
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BIF-Monitor: Technical Realization | %
BN | T —

Example BIF station at GSI-LINAC:
» 2 x image intensified CCD cameras with reproduction scale 0.2 mm/pixel

» Gas inlet + gauge J ‘\./

‘ 0

@ff“\f" ’ ; Gais-
N~ /;f;. : Va;q\:e
0

camera Taper coupled Image Intensifier 1 BEAM
(=] ‘a B'Iﬂ\ {\ u}/‘:‘ G)-hm Gas-Valve
8 &
& 2% ¢ Photons
— K ¥ 390-470 mn
N
" W QY| ens with
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Lens coupled Image Intensifier 1 o "R °
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