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Quick Overview of VENUS

Extraction

4 CryocoolersLHe fill tube

Sextupole

LN Reservoir

Solenoids

•Fully Superconducting Niobium-Titanium 
sextupole & 3 solenoids enclosed in LHe
•LN Reservoir: 70K, cools normal conducting 
leads
•LHe Reservoir: 4.2K
•Uses 4 cryocoolers to condense evaporated LHe, 
provide 6W of cooling power at 4.2K

•can be run 1.5-2 yrs without transferring LHe

Maximum Injection Field, on axis 4.0T
Maximum Extraction Field, on axis 3.0T
Maximum Radial Field, at wall 2.2T
LHe reservoir Temperature 4.3K
28 GHz Maximum Power Injected 8.0kW
18+28 GHz Maximum Power Injected 10kW
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Chamber

RF, Oven, 
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• Working towards 4th Generation higher 
frequency ECR sources 

• 4th Gen ECRs expected to produce more 
intense and energetic bremsstrahlung 
that add thermal load to cryostat

We investigated how the magnetic field 
geometry and frequency affect the 

bremsstrahlung spectra and spectral 
temperature Ts
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Detector & Setup

• XR-100-CdTe detector at VENUS
– length: 1mm, size: 25 mm2, window: 4 mil Beryllium
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Setup
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Analysis

1. Calibration Applied
2. Spectra corrected for detector efficiency
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Analysis

1. Calibration Applied
2. Spectra corrected for detector efficiency
3. Natural log of data taken in energy range of interest.
4. Linear fit applied. Ts=-1/slope
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Source Parameters
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Summary of Data
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VENUS Only
y = 116.06x
R² = 0.9135
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1st part of investigation:
• Hold Bmin constant, vary ߘBECR

Ts did not increase with 
↑ BECR, constant Bmin
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2nd part of investigation
Hol  	
↑ Ts with ↑ Bmin, 

constant BECR
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Investigation Pt 3:
Different Frequencies at Same Magnetic Field Values

Frequency
(GHz)

Injection Gradient at 
BECR (T/m)

Extraction Gradient 
at BECR (T/m)

Ts
(keV)

14 -4.67 4.22 48.8

18 -7.71 6.54 43.8

28 -12.75 10.00 44.4
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3rd part of investigation
• Hold B-field constant, Vary 

frequency 14, 18, 28GHz
• At same B-field, different 

gradients for each frequency

0.1

1

10

0 50 100 150 200

14 GHz
18GHz
28GHz

C
ou

nt
s/

s

Energy (keV)

T
s
=43.9 keV

T
s
=44.4 keV

T
s
=48.8 keV

0

0.5

1

1.5

2

2.5

3

3.5

-40 -20 0 20 40

B(T)
BECR 14GHz
BECR 18GHz
BECR 28GHz

B-
Fi

el
d 

on
 A

xi
s 

(T
)

z(cm)



0.1

1

10

40 80 120 160 200 240 280

1.29T
1.43T
1.67T
1.91T
2.15T

C
ou

nt
s/

s

T
s
 (keV)

0

10

20

30

40

50

60

70

80

1.2 1.4 1.6 1.8 2 2.2

T s (k
eV

)

B
rad

 at the Wall (T)

B
ext

=2.10T

Varying the Radial Magnetic Field
Bext>Brad

• Usually operate with Bext>Brad

• Varied Brad from 1.29T to 2.15T                                               
with constant  Binj/Bext/Bmid=3.39T/2.1T/0.48T
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Brad Bext=2.10T



Summary of Data
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Conclusions

Janilee Benitez                                                                                                              ECRIS2016  • August, 2016

0

20

40

60

80

100

120

0 0.2 0.4 0.6 0.8 1

T s
(k

eV
)

Bmin (T)

1. 
Ts depends on Bmin,      

not ܴܥܧ
2. 

Ts is independent of 
frequency

3.
In 4th generation 

ECRs, Ts is expected 
to be very high



Conclusions

Janilee Benitez                                                                                                              ECRIS2016  • August, 2016

0

20

40

60

80

100

120

0 0.2 0.4 0.6 0.8 1

T s
(k

eV
)

Bmin (T)

1. 
Ts depends on Bmin,      

not ܴܥܧ
2. 

Ts is independent of 
frequency

3.
In 4th generation 

ECRs, Ts is expected 
to be very high



Varying the Radial Magnetic Field
Bext<Brad

• Lowered Bext to 1.47T
• Varied Brad from 1.29T to 2.15T                                               

with constant  Binj/Bext/Bmid=2.23T/1.47T/0.33T
• Found that with Bext<Brad Ts increases
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Varying the Radial Magnetic Field

• When Bext<Brad is Ts still dependent on Bmin?
• Varied Bmin at different values of Brad
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Future Work
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Extraction Electrode
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VENUS                     
& AECR-U

& ECR
& SUSI

& SECRAL

Ts
* is linearly 

dependent on Bmin
not ߘBECR

*in energy range we have studied

#

#Plasma Sources Sci. Technol. 18 (2009) 025021.



Background Subtraction
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Extra
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