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Outline

* Recall of the working program from the first HiLumi LHC
Collaboration Meeting  (CERN 16-18th November 2011)

* Irradiation test simulations, material comparison and
possible SCL routing

* Progress in defining the cable structure, bulk, mixture,
real one

* Almost definitive SCL routing
* Neutrons and MgB,
e P7

* Conclusions
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WP6 - Cold Powering

Task 6.4. Energy deposition and
material studies

e To calculate maps of energy deposition from collision
debris and beam losses

e To calculate the induced radiation on the cold powering
components

e To study the potential effect of radiation on advanced
superconducting materials
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(Possible) SOlutioNq

How to proceed

- Collect and update all the data available in literature

- Perform an Trradtatientest on thewatertalrunder study

(maybe-asefal™T0 reproduce a test reportedrrtiterature)
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- Benchmark between the simulation code and the test

Correlate the evaluated DPA with the material characteristics (resistivity,
thermal conductivity, ...)

- Once the reliability of the code has been stated (in most cases it is

not necessary, because the most used codes ondergo to continuous
comparisons and benchmarking)

- Simulate the irradiation effects with the actual fluencies and
parameters to the components
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Work Progress

e Simulation of irradiation with different type of

beams on MgB,, BSCCO, YBCCO

(While waiting for the routing of the SCL in the cavern and the cable
layout to create the FLUKA geometry

e Evaluation of the different energy neutron beam

effects on MgB, with 1°B, 1B and "B composition
(can the n flux damage the B in SCL?)

B High : 5th Joint HiLumi LHC-LARP Annual Meeting
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Irradiation Test Simulations

60 MeV p on YBCO and BSCCO

beam spot : 2 cm ; Fluence2x10° n/s x 1 d ; target (2x2x1 cm3)

YBCO

60 MeV Proton Beam on YBCO, Energy Deposition
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Irradiation Test Simulations
60 MeV 1t on YBCO and BSCCO

beam spot : 2 cm ; Fluence2x10° n/s x 1 d ; target (2x2x1 cm3)
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Irradiation Test Simulations
60 MeV 1 on YBCO and BSCCO

beam spot : 2 cm ; Fluence2x10° n/s x 1 d ; target (2x2x1 cm3)
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60 MeV Pion- Beam on YBCO, Energy Deposition
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Irradiation Test Simulations

M d ny Oth er data alre ava | Ia b I e (Activation, activated elements, decay time etc.)

Other cases have been studied.
142 MeV protons (Brookhaven energy)

1.5 GeV Y (LHC peak energy photons on low-beta quad coils)
1 GeV m ( “ )

C
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Material Comparison in an Almost Real Case
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Energy Deposition (., and DPA ottom)

YBCO BSCCO MgB,

Dpa/Event
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nergy De pOSition (same scale)
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Material Comparison

e BSCCO and YBCO are similar

* MgB, shows a lower energy deposition and DPA

e Luminosity
i 5th Joint HiLumi LHC-LARP Annual Meeting
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Simulation progress

e BSCCO and YBCO are similar (for the energy deposition and DPA
aspects); MgB, has a slightly lower energy deposition

e Definitive definition of
the cable geometry and
material composition

Cu
MgB,, ® = 0.85 mm
18 MgB, wires

®d=6.5mm

e Simulation of this cable Cable layout

H 6x20kA , 7x3KkA,
aside Q1 (P1 geometry), —— TR

to Compare the bUIk MgBZ Courtesy A. Ballarino
cable with the composite one

% Higl
Luminosity
@WC 5th Joint HiLumi LHC-LARP Annual Meeting

R — S ST eTO T T 20 1> 14



Cable Material Composition

Material composition of the cable for the Monte Carlo simulations

MATERIAL | ATOM CONTENT | PARTIAL DENSITIES
(g/cm’)
MAGNESIUM 0.1225 0.2192
BORON 0.24501 0.195
COPPER 0.48231 2.2563
HYDROGEN 2.03E-02 1.51E-03
CARBON 4.88E-02 4.31E-02
NITROGEN 4.07E-03 4.19E-03
OXYGEN 1.02E-02 1.20E-02
HELIUM 8.89E-03 2.62E-03
IRON 4.05E-02 0.16655
NICKEL 5.55E-03 2.40E-02
CHROMIUM 1.19E-02 4.55E-02

5th Joint HiLumi LHC-LARP Annual Meeting
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The resulting density of the cable is 2.97 g/cm®, with a radiation length of 4.846 cm.
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Kinetic Energy by Particles Sidely Escaping from Q1
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Pure Bulk MgB,

“Mixture” Cable
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Towards the Final Configuration

The definitive layout was not defined (2013) so we simulated the
energy deposition in cables running parallel to Q1 (as done so far)
located at different positions.

- in contact with Q1 (Near case)
at 0°, 90°, 180° and 270°

- at 1 m distance from the magnet
(Far case), at the same angular

position. -
e[ﬁgh _ G
ummosny
- 5th Joint HiLumi LHC-LARP Annual Meeting
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MgB, cable aside Q1 (Near case)

Energy Deposition MgB2 Top
2.5e-05
20-05
15605 §
§ g
05 3
Energy Deposition MgB2 Left le- &
9a-06
8e-06 5a-06
7o-06
60-06 0
S5e-06 2 xom)
E Bin crveracs 00320 4211 3
4806 =
&
3e-06
Energy Depositicn MgB2 Botlom
2a-06 1.2e-05
1¢-06
19-05
0
36 35 34 33 32 | -30
som) 86-06
Sin arensons 0850 5423 3 T i
Ge-06 z
3
&
4¢-06
2e-06
0
e“i h. " B0 Sreewons DOSD 65433 3 e
Luminosity . . . H
- 5th Joint HiLumi LHC-LARP Annual Meeting

Energy Depasition MgB2 Right

30 kil 3z 3 34 35 38

xfom)

Da drmensions 0450 25233 nrd

GeVilomd Event)

19



MgB, cable at 1 m from Q1 (Far case)
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Dose and DPA

Total Dose and Average DPA for the examined cases
(Data normalized at 3000 fb™)

Near Far
Cable Dose (kGy) DPAzxerr% Dose (kGy) DPAzerr%
err% err%
1 (6=0°) 32805 2.3E-06 £0.4 7.1+£1.2 4.8E-07 £ 0.8
2 (6=90°) 38.7+£0.3 2.5E-06 £ 0.3 76+2.1 5.0E-07 £ 0.7
3 (6=180°) 35.3+0.6 2.4E-06 0.4 6.5+1.8 4.8E-07+£1.0
4 (6=270°) 34.2+£0.5 2.3E-06 £ 0.2 74+13 4.9E-07 £ 0.6

As we can see the values of dose and DPA should not endanger the cables.
Let’s remind that this configuration is a conservative one, being aside the first quad.

5th Joint HiLumi LHC-LARP Annual Meeting
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SC Link in FLUKA

eRefinement and definitive definition of the cable geometry

- MgB, bulk

- MgB2+SS+Cu+He
homogeneous mixture

- Detailed description

Cu
MgB,, @ = 0.85 mm
18 MgB, wires
® =6.5mm

Courtesy A. Ballarino

4
3
2
1
0 GASAL
| Y;‘o:yf JL‘.‘J dext ~ 65 mm
2 \ 2 @ y’
3 @
4
@R i
B e 5th Joint HiLumi LHC-LARP Annual Meeting
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SCL Routing into the tunnel

Two possible routings of the SCL have been investigated:

1) Arrive from surface
closer to IP1. The SCL
runs aside the triplet and
then connect to the
Connection Module (CM),
aside the beam pipe

2) Arrive from surface
after D1

SCL-\
M




Particle Fluencies (option 1)

(From Q1 to the SCL 1 m above Q1)

10* e e e e e e e e e e e e e e e e e e B e e e e |
1 W Particles escaping from Q1; Total Kinetic Energy = 35.34 GeV/pr
s Il Particles escaping fromQ1———————| . 1 I Particles entering the SC Link 1 m above Q1; Total Kinetic Energy = 0.25 GeV/pr
10 E Particles entering the SC Link 1 m above Q1 | % |
] 2 10° ! .
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Escaping from Q1
28% photons (1250 ph/event) 9% of the kinetic energy is from photons (3.2 GeV/event)
71% neutrons (3143 n/event) 65% from neutrons (22.8 GeV/event)
Entering the SCL
33% photons (12.5 ph/event) 14% of the kinetic energy is from photons (33.8 MeV/event
.. .67% are neutrons (25.4 n/event) 68% from neutrons (170 MeV/event)
=== High
Luminosity
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Option 1
(From Q1 to the SCL 1 m above Q1)

Link Q1: Dose Link Q1: Dpa

Te-06

136 136

135 135

1e-07

- 134 -
£ &
_ ¢ _
L : § . 1e-03%
= &
132 132
Te-09
131 131
130 130 Te-10
-3 -2 -1 0 1 2 3
®(em) e
The maximum dose is of the order of some 0.01 MGy (at 3000fb™1).
The maximum DPA is about 10°.
According to literature™ a value of 1.1x102 dpa causes a decrease of the
critical temperature from 38.3 to 36 K and enhancement of the upper
critical field, these values should be not endanger the SCL for all the
machine operation.
High * M. Eisterer, M. Zehetmayer, S. Tonies, H. W. Weber, M. Kambara, N. Hari Babu, D. A. Cardwell, L. R. Greenwood, “Neutron Irradiation of MgB2 Bulk Superconductors”,
e tn’g'”(’s”y Supercond. Sci. Technol. 15 (2002) L9-L12
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Particle Fluencies (option 2)
(To the SCL in the CM after D1)

Particles Entering the SC Link

in the Connection Module
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Entering the SCL in the Connection Module

35.8% of the kinetic energy is from photons (295 MeV/event)

6.3% from neutrons (51.6 MeV/event)

% photons (126 ph/event)

2.4% neutrons (3.2 n/event)

95

&% High
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LHC
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Option 2 Fluka Model

oM
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DiVAC
Beam Pipe
0 Dibpy
100 DiVAC
RI171AIR SCL-V
D1AIR
=100.
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Option 2 Results (definitive)

Horizontal Dose Horizontal Dpa
4 T T T T T T 1 1e-85
1e-86
1e-87=
-4 1 1 1 1 1 1 8.081 1e-88
-132 -131 -138 -129 -128 -127 -126 =125 -132 =131 =138 =129 =128 =127 =126 =125
en2 x:r::i‘;ical Dpa
4 1 4 1e-85
3 3
. L The internal cable . L
structure is not 16-96
1r . . 1r -~
~ % visible for _ %
So 0.1 visualization Sor H
ol . problems butitis -4 | £
UL actually Ll S
implemented
wgzls =3 -
-4 1 1 1 1 1 1 1 8.081 -4 1e-088
-4 -3 -2 -1 [} 1 2 3 4 -4
K{cn) K{cn)
e;-uﬂ;ng maximum dose in the SCL is about 0.1 MGy and the maximum DPA is about 10
LHC 3
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Conclusions on Energy Deposition and DPA

* The SCL configuration used for the simulations so far performed are about
definitive. They are in a conservative hypothesis because the external insulation and
cryogenic shielding are not take into account.

* The dose and DPA induced into the SCL are well below a critical value that can be
assumed as 35 MGy (values at which the kapton start to lose its insulating
properties and 102 DPA as from irradiation tests. Values from literature indicate that
the induced DPA increases the pinning effect at the advantage of an increased
performance.

* In the future (if necessary), with a detailed layout of the MgB, SCL, definitive
simulations with the new optics (longer insertion quadrupoles) could be done.

* No big variations are expected so we can conclude that the energy/dose deposition
and the DPA in the MgB, cables, with the conservative hypothesis adopted, are
not a concern over the whole lifetime of the SC links (3000 fb1).

* P5 has not been simulated so far, but we do not expect big differences with P1.

High
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Concerns of Neutrons on MgB,

B natural isotopic composition is : 80% 1B - 20% °B
Mg natural isotopic composition is : 78.99% 2*Mg — 10% Mg - 11.01% 2°Mg

10B has a very high thermal neutron
capture cross section for °B(n,o)’Li

[ 5-B-10(n,alpha) ENDF /B-vIl.1] 5-B-10(n,p) ENDF/B-VIl.1] [5-B-11(n,gamma) ENDF /B-vI1.1]

on (b)
ection (b)

Data from National Nuclear Data Center
http://www.nndc.bnl.gov/
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Reactions occurring

” o5 cyterm (b) cylMeV (b)

Mg +n— ;Mg +y 5.7E-2 3.3E-4

25 26

12Mg +n— ;Mg +y 2.2E-1 3E-4

Mg +n— Mg +y 4.3E-2 3.7E-4  2TMg > ZAl+ B+ v

2’Mg t,,= 9.5 min

“B+n— jLi+a 4.2E3 2.2E-1
198 4 n— “Be + p 6.4E-4 9.6E-4  10Bg > 108 + f-+ v
“B+n—iB+y 5.8E-1 /| ?Bet,,=1.39x106y
11 12
cB+n—> " B+y 6.1E-3 2.2E-6 12B > 12C + B+ v

2B t,,=20.2 ms

Data from National Nuclear Data Center
http://www.nndc.bnl.gov/
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Neutrons on MgB,

In order to evaluate the DPA and radiation damage of this reaction

Cases studied

External Beam and External isotropic n source

Thermal Epithermal and Fast
0.025 eV 10 eV 0.1 MeV

TARGET (2x2x2 cm3)
*MgB, with only 1°B
*MgB, with only 1B

*MgB, with natural composition of B (80% 1B - 20% °B)
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Neutron Beam on Natural B MgB,

Thermal Epithermal Fast
Energy Deposition
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0.07
1.6 =3
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~ Neutron Beam on !B Enriched MgB,

Thermal Epithermal Fast

Energy Deposition
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From the previous slides it is evident the effect
of th 1°B capture reaction for thermal neutrons

If it is necessary to penetrate the neutrons in the
material (for irradiation studies or other needs)
it is necessary to use high energy neutrons or
10B depleted target

C
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Residual Nuclei (@tt-o09

Neutron beam spot: 2 cm
Fluence2x10°n/sx 1 d

Thermal n

Elenmenti attivati t=8s Bnat Ternici Diffusi

1 MeV

Elenenti attivati t=8s Bnat 1 MeV

48 T T T T T T T 10000 t - 0 i ‘ ; : : I , —_—
L 4 26 27
. 100 - Mg(n,V) Mg e 1600
| - 4 1E2b Gy =3 7E4b | \ | 100
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] " &
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External Isotropic Neutron Source

*MgB, with natural composition of B (80% 18 - 20% 1°8)

Thermal Neutrons (isotropic source) TARGET (2x2x2 cm?)

Thernal Neutrons on hghe

n T
X 695’:% .m:..;
LI g
Target 0.048 L 0.0001
z R i
.03‘J =t : c—wg
i iN i
The transport cut-off : Central section:
hadrons 10® GeV damage energy neutrons react at
neutrons 1014 GeV threshold = 25 eV the surface
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Energy Deposition and DPA

Thernal Neutrons on HgB2 Thernal Neutrons on MgB2

DPA

8,081 1
-~
[
-9
8.601 o 8.5
f 4
Q
~
>
[4]
g
o~
g §
a.aam‘.:‘| R
-a' x
=]
-8
[
(=]
N
1e-85 ¥ -8.5
()
[
w
1e-86 1
-1 -8.5 ] 8.5 1
2z (cn) z {cn)

Energy Deposition DPA
1.11E-03(+0.03%) GeV/pr 3.66E-23 (+0.03%)

DPA is related to Energy Deposition
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n Boron capture reaction

Neutron

@)

@ 4
g. 2He

10 L * > ILi+a  1015MeV+1777Mev
n+ SB 9 SlB 7 Cx 7 )
owp > LI +a—>;L1+y+a  084Mev+0.482MeV +1.47MeV

What is the contribution of alpha particles and of Li ion to the DPA?

High
Luminosity
el”c 5th Joint HiLumi LHC-LARP Annual Meeting
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o. Fluence

Thernal Neutrons on HgB2

Thernal Neutrons on HgB2

0,801
N
-~ » -'
7 e 8.00015
£ o &
9.0801 - B
% B g
~ £ = £
§ - = S
[} 1le-85 @
“ 0 B 2
x 8 7 g
3 e 2
. e
L
| -]
£ £
& o e 1e-86 -
8.5 -] o T
A - " 1e-87
1e-86 -1.5 -1 -8.5 ;] 8.5 1 1.5
z {cn)

Reactions occurring at the surface cause
a high fluence of alfa particle outside
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Single contribution (s« anau

Simulation with single internal isotropic source

o n Li
Target
Thernal Neutrons Isotropic Source in HgB2 5 %
i 9.0025 Thernal Neutrons Isotropic Source in HgB2
1 T T T
1 ©.882
8.5 -
8.5 -
~
- 8.0815!9-_
[ ) -~
S e 5 § ol
x b -~
0.001 *
]
-8.5 - -8.5 |
08,0005
-1 1 1 1 0 -1 1 1 1
=1 -8.5 ] 8.5 1 -1 -8.5 ] 8.5
z {cn) z (cn)

bin dinensions: 8.82cn x 8,82cn x 8,82cn bin dinensions: 8.82cn x 8.82cn x 8.82cn

For the other different cases studied (alpha and Li) there are similar plots

1.8e-21

1.6e-21

4 1,4e-21

1.2e-21

le-21

Dpa/pr

8e-22

6e-22

de-22

4 2e-22

These plots have not any absolute meaning, they just show that all the energy is
deposed inside the sample (and the corresponding DPA is all provided inside them)

o ..., and so the results can be compared.

Luminosity
LHC
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6e-21

Thernal Neutrons Isotropic Source in HgB2

Considerations

The most significant parameter for the DPA is its the peak value. As a matter of fact the
mean value of the DPA, as it is defined, indicates that every atom undergoes to the given
amount of displacement.

Se-21

de-21

3e-21

DPA nax

2e-21

le=21

High
Luminosity
LHC

MD

ﬁm{ﬁﬂﬂ%ﬁﬁﬂ%ﬁ
f

ﬁ}#ﬂ#ﬂﬁm

{

It is evident that it does not happen
because from previous figures the energy
deposition and DPA occur in a limited part
of the target, so it is meaningless to
attribute a DPA to the whole region.

Conversely the peak value gives an
indication of the localized radiation
damage and this can give effects on the
material characteristics.

5th Joint HiLumi LHC-LARP Annual Meeting
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Single contribution wfaanau

Maximum and average DPA in the MgB, target induced by the reaction products of the
boron capture.

Reaction Max DPA Mean DPA
OCCUITENCe [DPA/primary]+Err% [DPA/primary]+Err%
Alpha o P
(1.47 MeV) 15.911-10++£ 7.9 6.1633-10%%% 0.001
Lithium A o
949, (0.84 MeV) 32.968:10%*+ 6.9 11.952-10+°% 0.001
Photon _ _
(0.482 MeV)
Alpha PO o
(1.777 MeV) 16.422-10%*+ 6.3 6.3141-10%%% 0.002
6%
Lithium PO o
(1.015 MeV) 31.447-10%°+ 6.6 12.240-10% 0.001

5th Joint HiLumi LHC-LARP Annual Meeting
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DPA EvaluatiOn (of o, Li and n)

Combining the data with the corresponding weight we have

Max DPA Mean DPA
[DPA/primary|+Err% [DPA/primary |+Err%
Alpha 15.942-1022+ 7.8 6.1724-10-22+ 0.001
Lithium 32.876:1022+ 6.8 11.969-10-22+ 0.001
Neutron 46.295-1022+£ 5.0 18.345-10-22+ 0.001

Summing the contribution of the alpha particle with the Lithium one:

15.942:10%2+ 32.876-10%2 = 48.818:102>+ 0.257 max DPA
6.1724-102+ 11.969:10%2 = 18.141:102>+ 0.001 mean DPA

Internal neutrons

46.295-1022+ 2.334-10°22 max DPA
18.345-1022+ 0.001-1022 mean DPA

The Lithium contribution to DPA is 66-67% of the total (the sum of the alpha and Lithium)

The contribution of the alpha is about 33-34%

5th Joint HiLumi LHC-LARP Annual Meeting
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Considerations

Internal Isotropic Source DPA Comparison
Peak Values

6.0x10”'

PEAK VALUES 5.0x10%" I ;
The peak value calculated by the sum of the alpha : ! 1
and Li contribution is about 6% higher that the — _ “™"

: g ! = Apra
values given by the neutrons. . . @ Litium
This because we assume that every neutron reacts 2o
with 19B realizing one Li and one alpha particle. | :

1.0x10%'

Internal Isotropic Source DPA Comparison
Mean Values

MEAN VALUES ' * Y
For the mean DPA calculated by the sum of the ~ tex” o Litiom
alpha and Li contribution is about 1% lower j v Neurons

that the DPA induced by the neutrons.

1.2x10%'

DPA

This is probably due to the statistics, and 8.0x10%
anyway this value (the mean DPA) in our _ .
s nanalysis 1s less important, as explained before. .-

5th Joint HiLumi LHC-LARP Annual M i
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Is the Boron consumpion a worry ?

[ 5-E-10(n,alpha) ENDF /B-VII.1 |

PB+n— Li+a

G =4.2X103b  Gpppey =2.2X 10 b

Cross Section (b)

1.5x10%b at 20 K (E,=0.0017 eV)

o] Thermal - N(

] ] ] } ] ] ] ] ] ] ] ] ]
E-5 E-4 E-2 E-2 E-1 E+0 E+1 E+2 E+3 E+4 E+5 E+6 E+7
Incident Neutron Energy {(eV)

As from the data before the n entering the SCL inside the CM (Option 2) are about 3.2 n/event.
At an integrated luminosity of 3000 fb-* LHC will collect about 3:107 p-p events, so the

total amount of n in the SCL will be about 1-10%8.

5th Joint HiLumi LHC-LARP Annual Meeting

R ——— O eSO DT 20 15



Number of 19B Target in the SC Link

Material composition of the cable

Dext ~ 65 mm

p
M

3.37 - 10%%2 x 33.2x 100 X 2 X 0.245 x 0.2 = 1.1 x 102°

. Cu
R MgB,, ® = 0.85 mm
18 MgB, wires
® =6.5mm

Considering 1 m Link length
S$=33.2 cm?

Being M=45.93 g/mol the
MgB, molar mass and
p=2.57 g cm3the density

2.57
—A = —6 022 -10%3 = 3.37 - 10?2

MATERIAL | ATOM CONTENT | PARTIAL DENSITIES

(g/cm’)

MAGNESIUM 0.1225 0.2192

BORON 0.24501 0.195
COPPER 0.48231 2.2563
HYDROGEN 2.03E-02 1.51E-03
CARBON 4.88E-02 4.31E-02
NITROGEN 4.07E-03 4.19E-03
OXYGEN 1.02E-02 1.20E-02
HELIUM 8.89E-03 2.62E-03
IRON 4.05E-02 0.16655
NICKEL 5.55E-03 2.40E-02
CHROMIUM 1.19E-02 4.55E-02

Pure MgB, atoms cm-3

10B atoms m!

Much higher than 1. x 10!8 and even supposing 1 capture
@ ‘reaction per neutron, the 1B consumption is negligible

5th Jomt HiLumi LHC-LARP Annual Meeting
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P7

(Data presented last year in Tsukuba, no more work on it)

Dose normalized to a number of proton losses in the collimators (101°) in Run 1
Data allows to tentatively correlate to 30-40 fb!

Dose/p lost in the collimators

The maximum proton loss is
after the primary collimators of
the Beam 2

0.04 T T T
apleifimax ™\1.15 1016 p —

0.035

0.03 |

In this region we located the
model of the cable

0.025

0.02

Dose(MGy/30fb-1)

0015 | {1 Inthe maximum point we put 3
meters long SC Link model

(the same of IP1).

0.01 |

0.005

- For the simulation we used 30000

40 60 80 100 120 Z‘I{?ﬂﬂ} 160 180 200 220 240 protons IOSt in the Colllmators
(SixTrack output) and then we

@Hig»w normalized the data for 30 fb!

Luminosity
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Dose

Dose {small)

154 154 8.1
153 153 |
152 - 152
151 ‘2 g
-~ I) -~ m
S1se | 3 S1se | 0.81 3
=l 5 = 5
149 - 3 149 3
8 8
148 148
147 - 147
146 | 1 | | | 1 1 8.81 146 | | 1 1 1 1 1 0.081
-49 =48 =47 =46 =45 =44 =43 -42 -41 -49 -48 =47 -46 -45 -44 -43 -42 -41
x{cn) xicn)
Bin Dinension: 8.65cn x 8,.65cn x 168cn Bin Dimnension: 8.26cn x 8.26cn x 16cn
38 Runs of 1888 p lost in the collinators 38 Runs of 1686808 p lost in the collinators
. , If also we extrapolate
The maximum dose is about . P 4
: proportionaly to 3000 fb? we
40 kGy integrated over a . .
. 4 will obtain only 4 MGy over
period of 30 fb . .
the whole period of exercise
A4

Tsukuba November 20t 2014



Dpa in the 4 most exposed MgB2 cables
154

1e-86 3.5e-07 ; ; : : :
Dpa Cable 1 ——
Dpa Cable 2 -—---- -
Dpa Cable 3 :-------
153 i 1 ‘ Dpa Cable 4 :
152 A e N N A A1 g
! T 1T A S I AN
LT T LT v N A .
-~ T ! I \///V”\ 4 [ 1/ NN \“/4‘ IR . |
151 | T - Vs S (A R
.- = 25e07 [ i 0 LA Do 4 1 N
2 5 g A R
F4 { ) 41
S1se | 1e-07%  § i
n o :
El a [a)
- B
st o
149 ] a 2e-07
-9
o
148
1.5e-07
147 -
146 : : ' : . ' ' 1e-88
1e-07
=49 =48 =47 =46 =45 =44 =43 =42 =41 176 176.5 177 177.5 178 178.5 179
x{cn) Z(m)

Bin Dinension: 8,.65cn x 8.65cn x 16cn
38 Runs of 1888 p lost in the collinators

The dpa is about 107 over all the cable. This value give us no

concern, because it is almost 1 order of magnitude smaller than
the one in IP1
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Conclusions

* The energy/dose deposition and the DPA in the MgB, cables,
with the conservative hypothesis adopted, are not a concern
over the whole lifetime of the SC links (3000 fb).

* The 9B consumption is negligible

* From this work we get more deep knoweledge of the effects
of radiations on HTC materials

* In the boron capture reaction the alpha particle and the
Lithium nucleus contribute for the 33-34% and 66-67% to the
total DPA respectively.

* Maximum dose on MgB, SC links is not a concern in P7. It
won’t be even if we would consider proportional the relation
@& between integrated luminosity and proton losses
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S pa '@ Different interctions of ©* and T
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(a) Fascio di #1 su YBCO.
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(b) Fascio di #~ su YBCO.

For " the dpa peak is higher than for t*
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Dpafgrimario

The different behaviour is due to the absorption of the n by the nucleus (7 +p -->n +7)

while the ©t* are not absor

+

+




2TMg = Al + B+ Vv 2’Mg t,,,=9.5 min
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