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As Irradiation progresses, damage accumulates
and the critical current further decreases
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As Irradiation progresses, damage accumulates
and the critical current further decreases
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1¢pn vt BN Mt Beam-collimator

1/8-in beam aperture

Electrically insulating
standoffs

Radiation shield
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Sensor-wires and current
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Electric insulator
650-um thick sapphire

f 0.1 x 2 mm bridge
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Copper 101 Mounting screws
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Silver Cold-head and heaters
* Base temperature: 15K
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* CX-CH: PID temperature sensor
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Spring-loaded
temperature sensor




Uniform beam profiles maximize reproducibility

30 % 3
— 2 £
) S i1
< i 2
— + 4
g %ipYY i
2 ; .
= + 4
Q I{
€ ¥ 1
< £ fi

& L N

iy b i b bt et e
4 60 80 100
Length [mm]

| IIII‘||\| T s ST
- -— :

: I 171
L2y

\ | )
Y
. YR , a0SSNB I yR
j dz RNXzLI2 € S 6 dzLJa G NB I Y0
F2N) aKIl LAY 3

12




M

>
LI near accelerator ki
O
Al ncrease the bleam curre
\:C:Ns Al ncreases the beam power

Al ncreases -rdaatnea g e

Al ncrease the bleam energ

Al ncreases beam power
ALower s damage

Alncreases i mplantaltion depth
Al ncrease ion species Z

Al ncreases nuclear stopping pow

compared to electronic stoppin



Outline

AKey insigmessfurememhnts during ir
ATur ni ng up(Btehaem hceuartr ent at fi xed ence
Al ncreasing di spl(Bbceeanme retnse/rvgayt tat f i Xx e



The -b®@am csaunpprens s hiou
causi ng per manent dal

)
2 Ve A
5 LINRUZ2ZY OSI
p— >
0.5 — 0.030 7 -
< £ i e
0.4 - & 2 " : R
: N~ T Y 0.025 S
~ L © b
—_ c 4 Q. :
> 03 O e Qo TC 0.020
= = £ £
Q02 o g v
g 0 o 42 0.015
+~ — o e
O )
> 01 P fo O 0.010
G .
S S P HMAubz
[ 00057 i [ 26 RI Y NI U S
—0-4% 05 1.0 15 2.0 0.000 '
: ' Curre-nt [A] : ' ' 5 10 15 20 25 30
Depth [um]

15



The lon-beam can suppress | . without

causing permanent damage
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At fixed beam energy, | . suppression
IS proportional to beam current
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At fixed beam energy, | . suppression
IS proportional to beam current
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Beam heating Is a plausible explanation
for the beam -on suppression of |

Sensor Temperature [K]

HnAB LA YSH Y 77 79 81 83 8 87
0.5 v l 1.2 | | . :
® O 1AT) / 1e(77.3K)
> $ -
: 0.3 7 ® : '.' f ‘E U-B i 0
L — . -
3 — ® & _ N
(@) 0.2 ° q':p_u 0.6 O
O S
S Ol o o o 0.4- 0
> P o v .
U.D _H 0_2 DD
_Ul T T T U-D | | D\_
0.0 0.5 1.0 1.5 2.0 0 5 10 15

Current [A] Beam Current [nA]

22



C <<
—+

| ow energy bea
h e

m C a
damagl ng t REBC

> D

LINRPG2Y oO6SIY
—

REBCO|
{d6 A [iIN} 0 &y =

I impiS+

Damage rate [mdpa/s]

b2 RIYI3S

3z 10 15 20 25 30
Depth [um]



|l ncreasi ng beam energy at f
decreases the damage rate 1In
< proton beam
—p
0.030 ~—g
— O =
Y 0.025 §§§§
g | 3
2 0020] i 8 - PR .
£ Al A3K RI Yy #3SS NI LINRYG 2 v 2
O at2L) 2dzad 2dziaARS (K
42 0.015 \
S 0.010 y ninS +
g | A3K REFEYF3IS NI GS
80.005
0.000 - . . . .
5 10 15 20 25 30

Depth [um]

24



|l ncreasi ng beam energy at f
decreases th damage rate 1In
< proton beam
0.030 1M+ g nd
i i
22 Ab2 RI WipBSY LINRG2ya a
j’, AY UKS aAt dSNJI t I e SNJ

o o
o o
[ [
o Ln

Damage rate [mdpa/s]

A B+
RS

M H
az NJ

G4S RI Y

=

15
Depth [um]

20

25

30

Al A3IK RI Y)VEl“[ESi-I\IJLLII\EEY 2\ &
A

ai2L) 2dzaG 2dziaA RS (K
Aa2RSNIGS RMYWIBS NINRS
d302L) FAdZNIKSNI Ayi2 GK
S NI GS
25



am energy
damage r a

proton beam
—)

0.030 1/~

A No damage150 keV protons stop
In the silver layer

A High damage rate800 keV protons
stop just outside the REBCO layer

A Moderate damage rate1200 keV protons
I stop further into the substrate
[ 26 RIYIAS NI GS
A Low damage rate2400 keV protons stop
furthest into the substrate.
5 10 15 20 25 30

Depth [um] 26



am energy
damage r a

proton beam
—)

0.030 1/~

A No damage150 keV protons stop
In the silver layer

A High damage rate800 keV protons
stop just outside the REBCO layer

A Moderate damage rate1200 keV protons
I stop further into the substrate
[ 26 RIYIAS NI GS
A Low damage rate2400 keV protons stop
furthest into the substrate.
5 10 15 20 25 30

Depth [um] 27



We can prmodruecedi spl acemen
In YB@Ovarying the beam ¢

proton beam ~

> 0.014 CAE t I" L

) 0.012
3 7
=3 8 0.010 «
© 'E "
E — 0.008
= 8
© | ®
C Hn A St %0006
S M ! ©
o 4 & 0.004
= - 4X
= -
S 0.002 A
-

5 10 15 20 25 30 %0 0.5 1.0 15 >0 NE

Depth in YBCO layer [um]
Depth [um]

28



At
d |

0.5

0.4 -

Voltage [uV]

f

f
f

| X edJ cposmeppr essi on

erent

0.3

0.2 -

0.1 1

O Beam off (before)

Current [A]

Temperature [K]

MJ
]
1

beam

30

MJ
co
1

MJ
(=]
|

)
=Y
L

Current [A]

ener gl

29

e

(

\



At
d |

0.5

0.4 -

Voltage [uV]

f

f
f

er ent

0.3

0.2 -

0.1 1

F
O Beam off (before)
® 800keVx43nA @ O
o}
]
@ o
O o
O
@ o
- o}
O
® O

Current [A]

Temperature [K]

MJ
]
1

beam

30

MJ
co
1

MJ
(o)
|

)
=Y
L

Current [A]

| X edJ cposmeppr essi on
ener gl e

30

(

\



At T 1 xedJcooswmeppr essi on
di fferent beam energil e:

0.5 = 30

O Beam off (before) °
® 800keVx43nA @ O
0.4 ® 2400 keV x 15 nA
- T 28 |
° o I
i . N
V4
— 0.31 — <
> o o | g 26
= ® |-
- ° o = o
(1D} et
o 027 o | O 0p
(18] © 24 - —
= o 0 o
e o 5 e - - =
> 014
¢ o |
o 22
®
& 34 O+
-0.1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Current [A] Current [A]

31



At T 1 xedJcooswmeppr essi on
di fferent beam energil e:

0.5 - 30
O Beam off (before)
® 800keVx43nA ’ O
® 2400 keV x 15 nA
041 @ 150keVx242nA 28 -
=
p— N
v <,
> — 26
5 v
R 2 2
@) © w
G L 247 —
e o
3 =
i
22
34 o+
—-0.1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Current [A] Current [A]

32



A
d

Voltage [uV]

{
|

0.5

0.4 -

0.3

0.2 -

f

f 1 xedJ coposwmeppr essi on
f

erent

o8 O8O0

Beam off (before)
800 keV x 43 nA

2400 keV x 15 nA
150 keV x 242 nA
Beam off (after)

Current [A]

Temperature [K]

MJ
]
1

beam

30

MJ
co
1

MJ
(o)
|

)
=Y
L

Current [A]

ener gl e

o
=
o
@
oY
=

33

(

\



> U

0.5

0.4 -

Voltage [uV]

D —

b
t

0.3 1

0.2 -

0.1 -

Cee®o

Beam Off (before)

Beam On (150 keV x 240 nA)
Beam Off (after)

Beam Off (T = 27.90 K)

Current [A]

Temperature [K]

M
[

30

M
(=)}
Il

M
iy

34

Current [A]

34




Outl 1 ne

ASensitivity aneall egmd st whd ce Ifii mg t



FI ne lt @eme nt mo d e | set L

— R oldgdpY Y

Magnetron (2 £0.5 um)

¢, A v
i { Sy a 2¢NJ obLYy b Of I - e
n

¢J'I
LaMnO Magnetron (30-50 nm)
~, w X Z A r oy 3

Cl NJ RI @OV I{L2SYy DU T e-beam (30-50 nm)
t / N\E 2 3 s y- 7\ CV) IBAD - MgO IBAD, e-beam (10 nm)

Y.O Magnetron (10 nm)

TO 1’ ]'Il-ICD A1 0. Magnetron (50 nm)

0 HIHEM K Y ¢

yrediueaq

Hastelloy C276 g Electropolishing (38 £ 3 um)

Magnetron (1 £ 0.5 pm
[ Ag g ( um)

4_______________-



He at source f or dir ff er
MpinS + y nhnS+

A 12x10°
x10°

W/m?
A 6.44%x10°
x10°

3-mmm FWHM Beam heating profile
from SRIM [ONIZ.TXT + PHONONS)TXT 37



O

Temperature rise from 20 K [K]

14

he absol ut e

oupling and

| REBCO average 20 + 10 um Apiezon

8 - O¢ 6LO T LC)F
OTSENSOR

-0.5

0.0
Sensor distance to bridge [mm]

0.5

temperatur e rl S
t he positi on of
2 S 3ASU NBlFazylrotsS 0Si6SS
SELISNAYSYyGa 6KSY

ACKS aSyazNl Aa 0Of2asS Sy?2
5 U 2 RSGSOG F  GSYLISNI (0 dzNE
A2S RSUSNNAYS O2dzLimAy 3 2
K2{f RS N& GFKNENEINI NGB (DS NJ

Aaz2zRStAYy3 (KS 0 NIRISOAME

A¢cKSNXYIt O2dzf WS 2y FINR
01 NESTORSNI Aa (1Seé 2 NBL



-

c
O
c
©
S
.
&
o

dur |

n o

)

uppressed

S S
er e
n
t

h
0
|

e
t

A

£ Carl Sagan

t o
ayer
S _ac
h
d
p

temper atur e
O
u

T)and

not need
REBCO |

Al s do
W h t he
AThe beoamef f ect
by a
A) v s
functi onal
ATher mal
t he abso




sl 1 des




y 4

éin fact, any c¢claim shoul d &
Supported by good stat_istic

o .
—

Can temperature alone explain the
suppression of | . during irradiation?

evidence.

{ +Carl Sagan




HV | curr — 10 pm ———
5.00 kV |86 pA NBT1_23 19 1_Nb




Il
0

q . ' AR
HV curr mag B
500 kV |86 pA 6 500 x



FEBOana4 0kOe V

?gns on pos sensor (x) and Apiezon thickness (error bars) ?gns on pos sensor (x) and Apiezon thickness (error bars)

| | | | |

8| ] gl

7r 1 7 l l

61 —J— sensor 2400 keV
T —J— REBCO 2400 keV

—I— Sensor 800 keV

51 + |—F—REBCO 800 keV

3t \\\ . 3t 1

delta T [K]
(s3]
delta T [K]

3.4 36 38 4 4.2 4.4 4.6 34 3.6 3.8 4 4.2 4.4 4.6
Pasition sensor [mm] Position sensor [mm)]



At T 1 xedt haetgmper at
| S proportional to b

AT Tape [K]

MHAB+x LINBIOEY LYAOGALFT 08 WWISNI (dzNBY
10 200 10
<C
8 - 150 . 8
4+ z
6- S v 61
L.
] Q.
= 100 2
4 O — 4
|_
5. % 50 - < 5.
Q
m
0 T T T U T T T 0 T T T
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200

Time [s] Time [s] Beam current [nA]



Beam curz2@E,m”A 1 s

(&)
3G—I T T T T T
29 .
28| .
271 .
— = Max REBCO -0.5 mm
¥ 26 | s
a == Max REBCO 0.5 mm
% o5 | === Max REBCO +0.5 mm |
g m= == hKapton=30 um SensPos=-0.5 mm wi
E 24 - == == Kapton=30 um SensPos= 0 mm wrt |
|_
m== == hKapton=30 um SensPos= +0.5 mm
23| .
22 | .
211 .
20 .
| | | | | |
0 50 100 150 200 250

Time (s)



Temperature stabi 1t
measur ementls2Oketvh ba a

~J
o

(&)
o

U

o
W
N
&
C

8
o

Temperature [K]
<

w
o

.............................................................................................

(o
o

47



Temperature stability during Ic
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