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MBW-MQW in the LHC

Considerations on expected life and available options
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Fluka analysis: Francesco Cerutti, Anton Lechner, Eleftherios Skordis
Collimation input: Rodrick Bruce, Stefano Redaelli , Belen Maria Salvachua Ferrando , Elena Quaranta
MNC team: Paolo Fessia, Pierre Alexandre Thonet, D. Tommasini
Power Converter: Hugues Thiesen
Optics: Massimo Giovannozzi
MME design office: L. Favre, T. Sahner
VSC: Eric Page, N. Zelko
Magnetic Measurement team: M. Buzio




Summary

The magnets and their circuits
The expected dose
Magnet radiation resistance

Protective actions
Shielding
Optics changes

The present “final” picture
Next steps
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MQW point 7 and 3

| ultimate (from layout
database) [A]

Voltage | ultimate [V]

| 7 TeV (Fidel report)
[Al

Voltage | 7 TeV [V]

Number magnet in
series in circuit

Turn/magnet

Estimated ultimate
inter-turn voltage [V]

Estimated inter-turn
voltage at 7 TeV [V]

Estimated inter layer
voltage

Insulation thickness
inter turn

Circuit energy ultimate
[Ki]

Circuit energy 7 TeV
[Ki]

Ground insulation

Resin used

Dielectric resin

810

381
598

282

10

0.22

0.16

154

84

810

383
610

289

10

0.22

0.17

164

93

I- 1.. T
RQT4 RQT4 RQT4 RQT5.L RQT4.R
L7 .R7 L3 3 3
600 600 810 810 600 600 600
29 27 451 452 38 34 42
151 151 561 593 313 441 313
8 8 313 331 20 31 22
1 1 10 10 1 1 1
171
0.17 0.18 0.16 0.17 0.26 0.26 0.22 0.2 0.25
0.05 0.01 0.05 0.01 0.18 0.19 0.12 0.18 0.13
Same as inter turn
2X(2X0.25) mm=1 mm glass tape
9 9 9 9 154 164 9 9 9
0.6 0.01 0.6 0.01 74 88 25 5 2.5

1X(2X0.25) mm+3X(2X0.25)=2 mm

EPN1138 42%+ GY 6004 42% + CY 221 16% + HY 905 100 %+ 30ml| DY

073

> 20 kV/mm

RQT5.R3

600

39
441

29

0.23

0.17



MBW point 7 and 3 M Hich

| ultimate [A] (layout database)
Voltage | ultimate [V]

| 7 TeV (Fidel report)

Voltage | 7 TeV

Number magnet in series in circuit
Turn/magnet

Estimated ultimate inter-turn voltage
[V]

Estimated inter-turn voltage 7 TeV [V]

Estimated ultimate inter layer voltage
[V]

Estimated inter layer voltage 7 TeV
[V]

Circuit energy ultimate [K]]

Circuit energy 7 TeV [K]]

Insulation inter turn [mm]
Insulation inter layer [mm]

Ground insulation

Resin used

810 810
440 700
643 643
350 556
8 12
84

0.65 0.7
0.52 0.55
9.2 9.7
7.2 7.8
472 793
297 500

2X(2X0.15)=0.6 glass tape
2X(2X0.15)+2X(2X0.15)+1(glass cloth) =1.6 glass tape

2X(2X0.15)+(0.15X6)=1.8 glass tape

EPC-1: resin ED-16 100 Hardener MA 2.28 (1 K Plasticizer MGF-9 20
TEa accelerant 0.5
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HOHE X,¥ Cross section at the Z of the maxinun energy deposition

(AOIN) 8soq

Y Distance from Hagnet Center {cn)

¥ Distance from Hagnet Center {cm)




Relationship dose vs. luminosity and point 7 vs.

Hich
I Luminosity
point 3 iNos
ey =N LI DL B L LA LR B L Rl = I' H [
R e T 3
E' - — FLTCITE v= EeLx r""’;'-:.-*:;- _%
L e ' = 2
E 1000 _é
a1 ! : E— =
) :i:ll:l:-gmndl'nn.in.ld.rf[:l'hﬂ
I ::Ijg::‘ml“m o EE Table 2: Result from the linear fit to'\the cumulated losses
e o T e s = during each fill in 2011 and 2012 as a function of the LHC
E”“ 3 delivered integrated luminosity to ATLAS.
- =
Ew T _§ Fit results (slope) IR7 1IR3
D : L Gy fb] Bl B2 Bl B2
integrated Imingsity (4] 2011 696.8 7629 196.7 115.1

Figure 2: Cuomulated losses at the BLM located dov 2012 before TS2 6359 968 .2 26.8 12.6
stream the primary skew collimator in IR7 during 2( 2012 after TS2 |1306.7| 1356.7 | 54.7 | | 30.1
(top) and 2012 (bottom) as a fonction of the LHC de]

ered mtegrated luminosity to ATTAS.
Worst P3 196.7/(697+196.7)=0.23

ESTIMATE OF WARM MAGNETS LIFETIME IN THE BETATRON
AND MOMENTUM CLEANING INSERTIONS OF THE LHC Worst P1357/(1357+30)=0.97

B. Salvachua®, R. Bruce, M. Brugger, F. Cerutti, S. Redaelli
CERN, Geneva, Switzerland




Analysis exp. data point 3 and point 7

MBW.C6R3 DROIT

MBW.B6R/ DROIT

£ 1

]

N -

B KkGy ‘ “ 487.3 kGy v
i : - —
i = | [ s2akoy H

b

MBW.BbL/ GAUCHL

MQWA.ESR3 DROIT

MQWA.ESL3 GAUCHE
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]
19.1 kGy

[0 |

MQWA.ESL7 GAUCHE ‘

43.7 kGy

|vZ3]

> 500 kGy

[ 157K0y | 18.0kay 307.5 kGy 59.6 kGy P5.7 kG
L TN e T
. 0, ek | | 119.8kGy |[mom | >500 kGy .
] 9.2kG en off 100.4 kGy
2kGy | 636y | ¥ 1 1063Kcy [ 8.0 kG 7 4KG $57.5 KGy)
. | : ! QInYae ' L]
', L
3 600 3 600
N RP survey IP3 . RP survey [P/
26 M ratio R/L contact - 500 26 contact R/L - 500
24 3R/3L:BZ/B]_ mm ratio R/L40 m | oo 24 40 cm R/L | a0
22 —+—Average R-L contact 22 —+—average L+R contact
) —>Average R-L 40 cm 300 2 | —>average L+R 40 cm 300
§ 1.8 <
= S16 200 :%
& 0 B
g &Y 100 3
) 12 - s
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Dose evaluation process for each point

IP3

Fluka model results with 1.15
1016 p lost per interaction
point E 7 TeV.

Scale to the dosi@eter readings 1

as benchmark (TS2)
Scale to the LS1, LS2 LS3 and 150 fb* ->3
350 fhl-> 7

3000 fb-1 ->60
0.98->1

CE/RW Scale to the Left and Right L=1
7 : using RP survey R=(0.4->2)

150 fbt ->3

350 fbt->7 : .
3000 fb-L ->60 HL-LHC integrated luminosity

Scale to the increase slope
dose/luminosity after TS2

Normalise to a total losses
(adding the 2 points) of 1.15
1016

\




"

Hich
- ]

;

LIFYRR N =0
LHC

MAGNET RADIATION
RESISTANCE ESTIMATION

CE’RW
\\_/



MQW coil resins €

LHC

component EPN1138 GY 6004 CY 221 HY 905 30ml DY 073
ppw 50 50 20 120 0.03

Poly - époypropyl- éther de novologque

EPN 1138 Novolac O 2
O—CHy~CH=CH; | O=CH;—CH=—CH;
~Cefe—Chy 1 Cu—cHy L_m
GY 6004 DGEBA e

RO =O-Cue=§-CuH—O~CHr= Q-
CHy

5= époxypropyl—ether de bisphénol *

CY 221 DGEBA s
%,o—/CH-—ﬂHz =0=0C,H, -E;Cﬁ Hy—0O— CH;-C{?-I;

HY 905 HY 905 (CIBA-GEIGY) Acid anhydride hardener, 1iquid, modified HT 907 (CIBA-GEIGY) Acid anhydride hardener, solid, unmodified
Hexahydrophthalic anhydride {see HT 907) ]

C
~E
HPA Hexahydrophthalic anhydride O“"C/D

=0

DY 073 flexibilizer I



PR3] CERN 98-01/A3E

Material: Epoxy resin TIS No. R 422
Type MY 745 (50) + EPN 1138 (50) + CY 221
(20) + HY 005 (120) + DY 073 (0.3)

Supplier: Ciba-Geigy UL 94: nm.
Remarks: used for the ISR dipoles LOT:

Radiation test results according to IEC Standard 544 (and ISO 178)

Dose rate Dose Ultim_ strength | Deformation Modulus
(kGy/h) (MGy) (MPa) £ (%) (GPa)
0 0 153+3 13.1=19 3.80+0.03
0.2 0.5 142+1 12903 3.50=0.02
0.2 2.0 140+1 7.9+03 3.50+0.02
150 5 03+2 6.1+0.3 4.00+£0.03
1380 10 T3+3 4.2+02 4.10+0.04
0.5 12 T1+6 21+02 3.7£0.1
180 20 13£1 1.1+0.1 3.40+0.04

Radiation index (RI) = 6.9 1if strength 1s the critical property
MQW stresses in turn to turn insulation 1=710 A Radiation index (RI) = 6.6 1f deformation 1s the critical property

0.08
Radiation effect on Epoxy resin R 422
0.07
1000
# Ultim. strength
0.06 B Deformation
< 100 1 v *-
= 005 H * *
a =
2 E
E 0.04 £
'é ’ & g —a—
10
§ =
> 0.03 =
z
= [ ]
Ei
0.02 1
B 1
0.01
0 —r— E—— L —— . ———
0 10 0 1 10 100
1->2 | 2->3 | 3->4 | 4->5 | 5->6 | 6->7 | 7->8 | 8->9 | 9->10 11 5->11|6->11|6->10 | 7->11 | 7->10 | 7->9 | 8-> Absorbed dose (MGy)
‘lStress [MPa]| 0.025 | 0.047 | 0.067 | 0.059 | 0.055 | 0.042 | 0.046 | 0.04 | 0.042 | 0.038|0.023|0.023 | 0.02 | 0.02 | 0.02 |0.023 OA(JL‘ |=oUess viFa)|  U.uudd u.uLL UuLZ | uus | uul | UL u.uzL u.ub u.uo




EPN 1138

CY 222 (similar to CY221)

| Ntimate flex. | Deflexion Modulus of
He. Haterial and Supplier Bozw strength at break elasticity
5 o H
(Gy) M/ () (H/fmm? |
BY | EPN 113?[;3} + MY ;;:-:150;]+ L] 131.5 = 24.5 9.3 £ 3.2 | 3.86 £ 0.15 » 10?
+ CY 221{20) + HY (1z0) +| . . . : .
+ DY 063(0.3) 6 I{lf 9.2+ 6.9 | 46 0.3 |3.75 £0.13 « 1|:|:
a0 b 120 *o 1%107) 6R7 £ 226 | 3.5 +1.2 | 3.5 +0.07 « 10
Type 15R 2=1"| 62.8:13.7 | 3.0 £0,7 | 3,68 0,08 =107
ALSTHDM 6= 107 6.9+ 0.3 | 0.7 +0.1 [1.50 0,24 =10?
123 | EFK 1138{50) + MY 745(50) + | 0 1B.7 + 216 | B.4 ¢ 3.1 |3.30 £ 0,08 < 10
+ WY 005{103) + XB 26ET(0.28) & . qot | 1948+ 216 | 9.8 ¢ 3.4 [3.34 =002 %100
2¢ h 120 °C 1 =107 786+ 8.8 | 4.3+ 0.4 [3.45 20,73 = 10"
ATy aaapt| eg30 s £.9 1oaena 136 - 00f 0"
203 | EPN 1138{100) + HY B36{95) +| @ 130.5 + 19.8 B.7 + 2.2 |3.52 + 0,05 = 10"
+ D¥ DE2(0.5) ) 5« 0% | 115.8 £ 19,8 7.1+ 1.8]3.88 2017 = 10"
EShBOCCHIZhIBTC gy qp7| w226 s 7.8 | 7.2 2007205 1 0ood = N0
CIBA-RELRY

297 | EPH 113B(50) + MY 745[50} + 0 124.2 + 24,5 | 12,4 = 3,7 [3.73 £ 0,25 = 10°
N E; ggéiﬁm WY 905(120) + | 5 10 | 919+ B8 6.0 ¢ 0.6 |3.80 =013 = 10"
' . % + ]
24 b 120 °C 1= 107 68.% * 11.8 4.5 = 0.9 |4.01 = 0,0% = 10
sex J0f | 317+ 0.3 LZzoalaze s+ poosx ot
CIBA-GEIGY | 5 = 107 2.0+ 0.0 0.7 + 0.0 [5.27 £ 0,00 = 10°

M . ltimate flex. | Deflexion |  Modulus of
Wa. Material and Supplier Dose strength st Break elastieity
5 o "
{w) () | () (W/em? )
103 | CY 222 + HY %20 a
(e} {Pure resin) § « 10t } toa figeible far tejting
1= 107
3= 00" 15.7: 2.0 5.4+ 3.6 | B.08 = 1,32 = 10°
BBC Baden | 5 = 07| 12.8 : 1.0 1.4 £ 0,3 | 1.8 £ 0,13 = 10°
|

mo. | Haterial amd Supplier Gose "111:?_::“:;""- Eg'"::i[g: ':_;'nh-?‘?:
H m -
| ({0 i W {mm} i H S )
P40 | MF TAS(1O0] = HY SOA(0O0} = | @ VA8 + 1.0 6.5 + 0.8 3.64 ¢ 0,07 = 107
[a} | + o zAEr().8)
12 b o128 °C
1B GE GY
B98 | WY TAS(100) & WY B06(%0) + o 100.4 & 37.3 8.3z 4.0 3.68 + 0.04 = 107
+ X9 EeRT(1.8) 5o 08| WIB.E 0 328 1.2 » .1 | 3.66 =+ 012 = 10°
& 110 °C + I8 h 28 CC 1= 06,6 = 440 Fobox 3.5 408 = 8,10 = V00
5= 1o ag.1 = WF. 2.0 1.0 4. 20 = D21 = WDT
CIBA-GE 1GY 5 LLE] 13.7 = 2.9 1.2 = D.4 3. 4F & D00 = 10"
Fa-l ] MY FASEIOG) & HY GO06(90) o m7r.7 20,6 T8 s 2.0 1.4 = O.08 = 0%
* WB ZOBI(].3) o 10% | 1749 & 34,3 5.3 0 3.3 3.7 = 0.2 = 107
NS TG 1 1 ER.F » 208 A4 = 1B | 4,02 = 0.6 = 100
| za = 107 6.3 + A8 B2+ 0.5 485 = 0B« 0%
CIBA-GETGY EY o” B.B = 1.9 0.6 = 0.2 | ®.E1 & 000 = wOY
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2 Categories of fillers:

Filler contribution

Linear aliphatic
Cycloaliphatic

Aromatic

Hardener

- Dose for 1. Powder fillers
. - . Composition | _. o Dose Range o ’
Resins |Hardeners| Additives Filler (p.p.) Fig 5(()“/;:2;2))( (MGy) 2 Glass/Silice fibers
Psa_l‘_"er 122222‘; i 12 113 12 Paper [cellulose (CgH;,05),]
1ice -4 /- . . .
Silice 10027200 |s18l 114 —> Strong decrease of radio-resistance
Silice (5 micron) 100-27-20 |5.16 14.8 10-15 .
Silice (20 micron) | 100-27-20 [5.16|  14.8 The bigger the .
. . I
Silice 240 mlcron; 100-27-20 |5.16 14.6 powder, the more kL
Silice (40 micron 100-27-200 |5.17 12.1 . .
BDMA | Silice (40 micron) | 100-80-2-200 |5.17 <10 <10 radio-resistant 7
Aérosil + Sulphate ]
de Barium 100-27-2-150 |5.14| 15.8 15 Hardener choice not
Magnésie 100-27-120 |5.14) 18 18 influenced by filler T
Graphite 100-27-60 | 4.6 | 26.8 5530 o
Alumine 100-27-220 |4.7 | 23.5) Graphite and Alumina - l— |
Alumine 100-27-220 |5.14| 51.7 i | |
Alumine 100-27-100 |5.15| 206 20-30 =2 |
. . . A
Aumine 100.27.220 The more flller_s, the H—t | i l
Fibre de verre 100-27-50 30 = 100 more radio-resistant k
Fibre de verre | 100-27-60 ] o __ s g
Fibre de verre 100-29-50 L B
Fibre de silice 100-41-50 . 5100
Fibre desilice | 100-40-50 [5.20] >100 Best Radio-Resistant materials are

obtain with Glass/Silice (influence of
boron) fibers and aromatic resins
(Novolac and glycidyl-amine)




EPN 1138 with filler CY 222 (similar to CY221) with filler

CIBA-GEIGY |  DOW SHELL ‘ | tinate flex, | Deflexion |  Modulus of ]
No. Material and Supplier Dose strength at brek elasticity
EPN 1138 | DEN 438 | EPIKOTE (EP) 154 5 D M
EPN 1139 | DEN 431 - (&) | (N/m?) () (N/mn’ )
Mo Material and Supplier Dose uh;’r;:ﬂ::‘u. | E:”::::E :?::H:‘.:;
(o) w:’m ) ['”_} ) 103 | CY 222 + HY 920 0
P TS R - (@) | (pure resin) 5« 10° tog flgxible for tegting
BS | EPM 113B(50) + MY 745{50) + | © 131.5 + 28,5 | 9.3 + 3.2 [ 3,55 + 0,15 = 10° )
U1 b Rl 0501200 +| & & ype| a2z s 6.9 | 48 z0.3 |3.75 £ 0003 =000 1x10
24 n 120 °C :} " :E r:; * ::;? :: : :,f: ;;: ' u_n:; 107 3x107| 1567+2.0 |5.4+3.6 |B8.04:10.32x 10°
= 107 B =13, 0020, . + 008 = 10° 3
e 158 ALETHOM 6 = 107 6.9+ 0.3 | 0.7 £0.1 |1.90 +0.24 = 10 BBC Baden | 5% 107| 128+1.0 |1.4+0.3 | 1.66 201310

9 |EPIKOTE 154 + MiA + glass | 0 | #41.4:18.6 | 5.5+056 |1.8520.10 x 10*
h 5x10°| 394.4£12.7 | 52405 [1.77 006 x10* | |04 |CY 222 4 HY 920 + 703 glass | 0 8.3+ 6.8 6.87 + 1,31 % m:
1%107] 270.8 +44.2 | 3.6 £ 0.9 |1.82 £0.10 x 10" (ct || 4o Fibre) 1x107 | 114.8+49 1.02 £ 0,00 x ma
2x107| 308.0+21.6 | 4.1+03 {1,85 0,11 %10 31x107| 89.3¢6.9 8.34 + 0,46 x m!
MICAFIL 5¢107| 234.5+ 3.9 |3.040.2 {195 £0,16 x 10° 6x107| 69.743.9 8.44 + 0.50 % w!
BBC Baden | 1x 10°| 61.8:6.9 [3.8¢3.5 |6.07:245%10

MY 745 replaced by GY6004 with filler Other DGBA with filler
MQW
- The pure resin mix used shall keep substantial
mechanical properties at least till 15-20 MGy

- Presence of glass fibre shall increase the substantial
mechanlcal propertles at least to 40-50 MGy

Hagrnet coil resin Orl{ a50.3 = Z4 .5

e r.l_:-rr-{E] reinforced 'u11:h
glass waven tape type 2 with
2 .21 & 0.00 = WOR a apecial silane Fimish - T 387.5 =z 55.9

12 h 188 °C BEC Baden H - 2871.5 = 20.5

419.9 = V8.6




Spacers resins
- Composition
. HD polyethylene pipes filled with
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MBW BINP used resin. Lum

NMe looked at molecule and there is good indication that it should radiationiard as
vitnessed by the tests and we assume stresses of the order of 10 MPa

140

120

80

60

Ultimate flexural strength [MPa]

MBW

©+ - The pure resin mix used shall keep substantial mechanical
properties at least till 50-60 MGy (10 MPa)

» + - Presence of fibre glass should probably extend life till 70-80
MGy

0.01 0.1 1 10 100

Dose [MGy]




Point 3 and 7 coil magnet damage estimation

Dose [MGy] for integrated luminosity 150 fp‘-l

Dose [MGy] for inTegrated luminosityy350 fb/-1

Dose [

R L R L
MQWA.A4 0.0 0.1 0.1 0.2 1 .
MQWA.B4 0.1 0.1 0.1 0.2 1.0 2.1
MQWB.4 0.1 0.1 0.1 0.3 1.1 2.2
MQWA.c4 0.1 0.1 0.2 0.3 1.4 2.8
MQWA.D4 0.2 0.3 0.4 0.8 3.5 6.9
MQWA.E4 0.9 1.7 2.0 4.0 17 35
MQWA.AS5 0.6 1.1 1.3 2.6 11 22
MQWA.B5 0.7 1.4 1.6 3.2 14 28
MQWB.5 1.7 3.3 3.9 7.7 33
MQWA.C5 3.9 7.7 9.0 18
MQWA.D5 0.9 1.9 2.2 4.3 19 37
MQWA.E5 1.7 3.5 4.0 8.1 35
MBW.A6 1.0 2.0 2.3 4.6 20 40
MBW.B6 | 1.2 2.3 2.7 5.4 23 46
MBW.C6 | 1.6 3.3 3.8 7.6 33 65
: Dose [I\;Gy] for integrated luminosity 1L50 fbA-1 Dose [I\sz] for integrated IuminosityyiSO fbA-1 Dose [IV;Gy] for integrated Iuminosity30LDO fbAr-1
MQWA.A4 0.4 0.5 0.9 1.2 7.4 11
VIQWA.B4 0.3 0.8 0.7 1.9 6.4 16
MQWB.4 0.5 1.3 1.2 2.9 10 25
MIQWA.C4 4.0 4.0 9.3 9.3
VIQWA.D4 2.7 2.7 6.2 6.2
MQWA.E4 4 5.0 10 12 23
MQWA.A5 2.6 2.6 6.1 6.1
VIQWA.B5 3.5 3.5 8.1 8.1
MQWB.5 4.1 4.1 9.5 9.5
MQWA.C5 1.9 4.9 4.5 11 39
VIQWA.D5 4.2 6.0 10 14
MQWA.E5 C—) 37 12 29
MBW.A6 ) 23 17 39
MBW.B6 L 3 37 19 43

MBW

From 10 to 20 MGy
From 20 to 50 MGy

From 40 to 60 MGy

From 60 to 80 Mgy
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Me Hich

- For max effectiveness we have to
target the higher possible density
candidate therefore W, or better the
alloys for machining

Nominal density 18

W content % 95
Balance Ni,Cu
E-modulus 360 GPa

- Material staging along the MQW
magnet length under study

Inserts 5 cm
long
We cannot

Insert longer
pieces because
of the vacuum

pipes flanges
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dose tnby’r

MQW shielding effect Normalization: 1.15 1

HOHALESR? Peak Dose Z pro - Protection HOMA.DSR7 Peak Dose Z pr

3 T

Sy

Mo protection

I H (:‘ﬁtectiun

T T T
Ho protection : : :
Hith Protection

- )
I a
g 1.9 <
+ T @
2 g
=] a
a
1 i
8,5 R g
[ 200 - zlas 1'58 1Iaa o 0 308 258 200 150 168 50 [
Z Fron the front face of the Hagnet {cmn)
Z Fron the front face of the Hagnet {cn}
HOHA,CSR? Peak Dose Z profile - Protection HOMA,5R7 Peak Dose Z profile - Protection
3 T T T T T

T
No protection
Hith Protection

T
Ho protection
Hith Protection

Dose (HGY)

i i
388 258 208 158 188 L]
Z Fron the front face of the Hagnet {cn}

388 258 288 158 1688
Z Fron the front face of the Hagnet {cm)
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{HGy)

Dose

{HGyY}

Dose

MBWA - MBWB Peak Dose profunu

ile - Flanges

HBHHUpper
HBHAL ower

T T T T T
T
T I 1 T I T T I
hd hd T T I |
- T T T < T I I I T T .
L Beam 2
! I
12 1@ 8 6 4 2
Z Fron the front face of the Hagnet {cn}
HBHA Peak Dose Z profile - Protection
' ' ' IHBHﬂUpper
HBHAL ower

Beam 2
<«

MBW.AG6R7
Flanges +
Protection

8 6
Z Fron the front face

I
4
of the Hagnet {cn)}

Dose {HGy)

se (HGy}

Do:

3

HBHB Peak Dose Z profile

Luminosihy

T
HBHEUpper

T T I
T 1 T

I

HBHBLoue

Beam 2
<

MBW.B6R7
With Flanges

12 18 8 6

4 2 [:]

Z Fron the front fape of the Hagnet {(cn}

T
HBHBUpper
HEHBLower

Beam 2
<

MBW.B6R7
Flanges +
Protection

Z Fron the front face of the Hagnet (cm)




Optic change proposal point 7 discussed and agreed as possible with M. Giovannozzi
(it needs verification)
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Magnet damage with shielding point 3 and 7, W shielding peak dose scaling

Dose [MGy] for integrated Dose [MGy] for integrated Dose [MGy] for integrated | Action during HL-LHC
Action LS1 luminosity 150 fb/-1 Action LS2 luminosity 350 fb/-1 Action LS3 luminosity 3000 fbA-1 exploitation
R L R L R L R L R L R L R L
MQWA.A4 0.0 0.1 0.1 0.2 1.0 1.9
MQWA.B4 0.1 0.1 0.1 0.2 1.0 2.1
MQWB.4 0.1 0.1 0.1 0.3 1.1 2.2
MQWA.C4 0.1 0.1 0.2 0.3 1.4 2.8
MQWA.D4 0.2 0.3 0.4 0.8 3.5 6.9
MQWA.E4 0.9 1.7 S S 1.2 2.5 6.3 12
MQWA.A5 0.6 1.1 S S 0.8 1.6 4.0 7.5
MQWA.B5 0.7 1.4 S S 1.0 2.0 5.1 9.4
MQWB.5 1.7 3.3 S S 2.4 4.8 12 23
IMQWA.C5 3.9 7.7 s | s 5.6 11 20 s
MQWA.D5 0.9 1.9 S S 1.3 2.7 6.8 13
MQWA.E5 1.7 3.5 S S 2.5 5.0 13 24
MBW.A6 1.0 2.0 S S 1.4 2.9 7.3 14
MBW.B6 1.2 2.3 S S 1.7 3.3 8.4 16
MBW.C6 1.6 3.3 S S 23 4.7 12 3
Dose [MGy] for integrated Dose [MGy] for integrated Dose [MGy] for integrated | Action during HL-LHC
Action LS1 luminosity 150 fb/-1 Action LS2 luminosityy350 fb-1 Action LS3 luminosity3000 fbA-1 exploitation
R L R L R L R L R L R L R L
MQWA.A4 0.4 0.5 0.9 1.2 7.4 10.6
IMQWA.B4 0.3 0.8 0.7 1.9 6.4 16.0
IMaws.4 0.5 1.3 S 1.2 1.8 10.1 9.3
|MQWA.C4 4.0 4.0 S S 5.8 5.8 29.3 29.3
|MQWA.D4 2.7 2.7 S S ER 3R 19.5 19.
MawA.E4 | s s 6 10 D D 7.2 15 36 R
IMQWA.A5 2.6 2.6 S S 3.7 3.7 19.0 19.0
IMQWA.B5 3.5 3.5 S S 5.0 5.0 25.4 25.4
IMQwB.5 4.1 4.1 S S 5.9 5.9 29.7 29.7
|MQWA.C5 1.9 4.9 S S 2.8 7.0 14.2 35.6
|MQWA.D5 4.2 6.0 S S : 8.6 3.9
IMQWAE5 | s | s 37 12
MBW.A6 s | s 23 17.D | D 32
IMBW.B6 s | s 37 19 54
MQWA.E4 1800 fb™-1
MBW.B6 1500 fb~-1 2400 fb"-1
MBW.A6 1000 fb™-1 2000 fb"-1
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Dose [mSv/h] after 6 months cooling

100 -

7 residual dose at 40 cm after 6 months of cooling
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W alloy magnetic properties
(95% W, 3.5% NI, 1.5 % Cu)
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B background [T B with sample [T] | Relative B drop [T/kA
0.999874 0.999862 -1.2-107° 5.2-10°
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Conclusion |

The proposed screen allow reducing of a factor 3 the
dose and limit the number of magnet at risk or surely
damaged, see previous slides. Hp. to achieve the same
reduction factor on the spacers

The change of the optic in point 7 installing a long
absorber iIs key to complete the protection

The lifetime of these units could be affected by the
environmental condition of point 7 not discussed here
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ALARA

Very high dose dosimeter shall be installed systematically in point 3
and 7 to better benchmark computations and check symmetry effect

A campaign of irradiation of resins shall be performed with the real
used resins and the relevant fillers in order to real know when the
maagnet will reach damage level

For HL LHC 4 MBW shall be reassembled with saddle type heads. This
will solve the issue without needing special development

We suggest that we launch the program to build a NC magnet with
extremely high radiation resistance (>300 MGy). It is and it will be
more and more needed and today we do not have it in our
capabilities and it will be key for future target areas development

We need to check
For HL-LHC the MBW radiation dose along the straight part of the coill
The level of accumulated dose of the MBXW units

If any protection can be added to on the beam line for the MQWA.E4 in point
/Rand 7L
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M Lumino:
OwWer deposition LHC
MQW MBW

Ultimate current 810A 820A
Electrical dissipated power ultimate current 25 kW 41kW
Delta T measured ultimate current on cooling water 16C 30C
New operational current 620A 650A
New dissipated electrical power operational current 15kW 26 kW
Worst dissipated power due to radiation losses (including
dissimetry and new loss rate) 3kw 4kW
New total power to be dissipated (Pel+Prad+Pconv) 19kW 30kwW
New Delta T necessary to evacuate the power 12C 22€
New magnet working temperature 38C 48C

Remark
Due to small lifetime (load case 1h) we do not take into account the coefficient 2linked

to the ratio losses/luminosity nor the discrepancy B1/B2 (L/R)
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Peak power adiabatic (wrong)
approximation in shielding

MQW MQW beam MBW

shielding pipe shielding
Env Temp 50C 50C 50C
Integral proton energy
lost 1012 pJ/proton 4550pJ/proton 256pJ/proton
symmetry, loss rate and
7 TeV factor 1.0775 1.0775 1.0775

9.00E+1
Proton losses Oproton/s 9.00E+10proton/s 9.00E+10proton/s
Loss time 3600s 3600s 3600s
Total integral power 98W 441W 25W
Assumed ratio
Pmax/Pmin along
magnet 4 4 1
Adiabatic Delta T Pmax 170C 750C 224C
Adiabatic Delta T Pmin 43C 190C

Baking vacuum chamber
T->230 C

Necessary 4 KW to get to the temperature along several hours




Different epoxy

. . Composition . Viscosity | Service life . Dose for 50% | Dose Range
Resins Hardeners| Additives Mix Temp (°C Fi
(p-p.) p Q) (cPs) (mn) s flex. (MGy) (MGy)
5.4 1.4 e >
BDMA 100-105-0.2 80 45 >180 5.1 1.6 1-3 . . .
5.4 25 Linear Aliphatic——
BDMA 100-110-0.2 80 40 >180 5.1 2.3

ECC 100-72 80 20 >240 5.5 1.8

VCD BDMA 100-160-05 60 20 >180 5.4 3.7 1-6 H . H
DADD 100-65 80 180 >240 5.4 5.5 Allphatlc amine harderner

DGEBA + 100-20-12 25 5.21 1.3 1-2 9 poor rad|o_res|stance
DGEBA DBP 83-9-17 50 500 few 5.22 1.2
DGEBA 100-35 130 60 180 4.2 5.1
DGEBA + 100-20-30 80 5.21 8.2 5-15 . .
DGEBA 100-27 80 100 50 5.9 13.0 Aromatic amine hardener
DGEBA 100-14.5 65 200 30 5.7 235 23 S
p wDGEES o | | k0040 sy 100 | 150 | w s |wO 2w Oudem b ol u

DGEBA 100-130-1 80 70 120 5.2 4.2 I An hydride hardener
DGEBA 100-80-1 80 80 120 5.2 5.9
DGEBA 100-100 60 69 >1440 5.23 7.1 = H . TOO hlg h Iocal
DGEBA . ’

concentration of benzene
may induce steric hin-.=j £1---

BDMA +
Po. Gl.
DGEBA I 70

DGEBA 100-100-0.1-10 60 65 300 5.23 12.1

D -
DGPP 100-28 5.6 ; i s
DGPP 100-135 120 5.3 13.0 disturbation ol N
EDTC 100-20 80 40 5.9 10.0 5-15 : : i
TGTPE 100-34 125 >20000 5.6 12.1 Good radio-resistance even
TGTPE BDMA | 100-100-0.2 125 >15000 5.3 106 if Cl (tendence to capture n h)
EPN 100-35 100 30 5.6 235 2040 t
EPN 100-29 100 35 510 37.2 )

100761 | 80 | | 40 | 510 | 130 | Novolac: HIGH Radio-
100-105-0.5 80 100 |5.3+5.25 15.0 10- 20 .

BDMA 100-85-1 100 80 5.10 20.6 resistance

100-40 80 50 5.6 20.6 .
BDMA | 100-136-0.5 60 30 5.3 11.4 10-25 Large nt_) of epoxy groups
BDMA 100-110-1 80 500 20 5.8 18.0 ) = Naoncihr L rinidihg

100-137 80 <20 5.8 235 : R

100-20 25 120420 | 5.7 23.5 2030 GIy_CIdyI'amme' HIGH R.-

100-115 25 5-20 | 30-5760 | 5.8 28.6 res

. ernary n

O, - H - (H
Linear aliphatic 7, \ 1. 9 Weak

CH, - CH -G, -0-&° o :
Cycloaliphati 2 -0~ Erdmasies. . MO ’
A:;:z:ii atic CH, - CH - o r gl‘OUp '@R@I_lﬁl)
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Installation/planning/risks

To reduce radiation aging, the intervention, on most exp0sed magnets, shall performed in LS
reasons ). The initial foreseen modus operandi (directly on the magnet in the tunnel) is not feasi cause ofthe
interference with the backing equipment. Due to the limited number of vacuum chambers available and also field
quality sorting, it is better to modify the magnets presently installed in LHC and replace them in the same slot. It will
help in saving non radioactive spares.

The backing strips power wiring and the related thermocouples need to be rewired. VSC (N. Zelko) performed test and
it looks feasible. Possible back up strategy with screen modification is available

Vacuum sector impacted

. AG6L7 no bake out yet because of the door project

. B5L7: no bake out yet because of UA9 project

. A4LT: no bake out yet because of UA9 project

. A4RT: no bake out yet because of UA9 project

. B5R7: already baked out

. AG6R7 no bake out yet because of door project

Possible planning sequence

. 25/10 go or no go decisions (full, partial, nothing)

. From the 28/10 magnet of L7 can go out to UX65 for buffer storage

. From R7 can go out from the 11/11 to UX®65 for buffer storage

. Possible co activity with the fibre optic worksite in week 45 (4/11 to 8/11) and 49 (2/12 to 6/12)

. 02/12 start of modification in the NormaLaP (867)

. 03/02/2014: start of reinstallation

. 01/03/2014 we need to have completed re-installation
Screens not available on time Install steel screen or re-install without screen
W-Ni-Cu alloy cause no acceptable field Install reduce effectiveness copper or steel
distortion screens
Difficult installation on MBW Possibility to machine the shielding to ease

installation and close the hole with W tap

[ g P ol R [ R N\~ v rm rarm o md mmd I ma Al ~ Al o~ o



Magnetic qualification of Innermei@g0.......
. 15t measurement provided by M. Buzio indi a

u<=1.00002

24 series of measurement with Innermet 180 inserts
in a reference quadrupole to be performed this week

34 computations on the 2D MQW cross section of the
MQW being performed by Per Hagen (TE-MSC-MDT)
with a 1.=1.00005

Measurement of a spare magnet with and without
shielding foreseen (but it will come late)
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MQW stresses in turn to turn insulation 1=710 A

0.08
0.07
0.06

0.05

0.04

0.03

0.02

) I I I I
0 0

1->2 | 2->3 | 3->4 | 4->5 | 5->6 | 6->7 | 7->8 | 8->9 | 9->10 311 5->11|6->11|6->10 | 7->11|7->10 | 7->9 | 8->10

H Stress [MPa] | 0.025 | 0.047 | 0.067 | 0.059 | 0.055 | 0.042 | 0.046 | 0.04 | 0.042 | 0.038|0.023|0.023 | 0.02 | 0.02 | 0.02 | 0.023| 0.02

Von Mises[ MPa]

0.07

0.06

0.05

0.04

0.03

Von Mises[ MPa]

0.02

0.01

0

B Stress [MPa]

1->Ground
0.0055

MQW stresses in insulation to ground 1=710 A

2->Ground
0.011

3->Ground
0.012

4->Ground
0.014

5->Ground
0.016

6->Ground
0.023

7->Ground
0.021

8->Ground
0.06

9->Ground
0.06



CERN 98—01/A3E

Materal: " resi TIS No. R 422
Type + EPN 1138 (50) + CY 221

+ (120) + DY 073 (0.3)
Supplier: Ciba-Geigy UL 94: nm.
Remarks: used for the ISR dipoles LOT:

Material: Epoxy resin TIS No. R 422
Type MY 745 (30) + EPN 1138 (50) +

CY 221 (200 + HY 905 (120) +

DY 073 (0.3)
Supplier: Ciba-Geigy UL %4 nm.
Remarks: usad for the 1SR dipoles Lol

Radiation test resnlts according to IEC Standard 544 (and S0 178)

Radiation test results according to IEC Standard 544 (and ISO 178) Daose Mechanical test results at RT Mechanical test results at 77 K
Dose rate Dose Ultim. strength | Deformation Modulus (MG Speugtll Deformation }[_of‘lul.us. [ Sn'engl.]] Det'm.m;frnm h[rn_dulns,
(kGy/h) (MGy) (MPa) £ (%) (GPa) S (MPa) £ (%) (GPa) (MPa) £ (%) (GPa)
] 1526+ 3.0 131£19 [ 38003 344=19 3505 6709
0 0 15323 13119 3.80+0.03 s | 930120 | 61203 | 402003
02 2o oo s 00 10 | 730230 [ 42202 (412004
0.2 2.0 140=1 79203 3.50£0.02 w | T e E e AAER 101413 38403 | 83102
180 5 9312 6.1+03 4.00=0.03 20 130 1.0 L1201 | 342004 o o e
- , . ; d£0, 4=
180 - 10 7353 4.2=02 4.10=0.04 35 124 =44 2001 6.1+07
0.5 12 716 2.1+02 3.7+0.1 19 18250 07202 | 28210
180 20 13+1 1.1+0.1 3.40=0.04 - S ——
RI= 6.9 6.6 >7.3 >7.3 1.7 .7
Radiation index (RI) = 6.9 if strength 1s the critical property
Radiation index (RI) = 6.6 if deformation is the critical property Radistion effect in R 423
on effect on epoxy resin K 422
1000
Radiation effect on Epoxy resin R 422 & Strength KT
1000 # Defoomution KT
: 4 Srmgh 77K
# Ultim strength
B Defhemmtion g 1 —"\a\  Defoamution 77 K
& L 4 .- &
=
E W
£
2 10" i
5
3 g’
= | |
¥
H] 1
b a+ IJJ:I L T L L Laij "I L |
a 1 1D 100 1000
o Ly . . . Absarbed dose (MGy)
0 1 10 100

Absorbed dose (MGy)

Fig. 18: Araldite MY T45 + EPN 1138 R 412




Spac_e_rs resins
- Composition
«  HD polyethylene pipes filled with

EPON 826 22 kg Low viscosity, liquid bisphenol A based epoxy resin.

RP 1500 3kg Tetramine hardener
MIN-SIL 120 F 17 kg Fused silica particles 50% diameter smaller than 0.044 mm
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Magnet damage with shielding point 3 and 7, W shielding peak

Dose [MGy] for integrated Dose [MGy] for integrated Dose [MGy] fo 1ciifmlriq? I-_IL-l]l:_IC
Action LS1 luminosity 150 fb/-1 Action LS2 luminosity 350 fb"-1 Action LS3 luminosity 3 = “exploitation
R L R L R| L R L R | L R LKL L
MQWA.A4 0.0 0.1 0.1 0.2 1.0 .
MQWA.B4 0.1 0.1 0.1 0.2 1.0 2.1
MQWB.4 0.1 0.1 0.1 0.3 1.1 2.2
MQWA.C4 0.1 0.1 0.2 0.3 1.4 2.8
MQWA.D4 0.2 0.3 0.4 0.8 3.5 6.9
MQWA.E4 0.9 1.7 s| s 1.2 2.5 S S 6.3 12
MQWA.A5 0.6 1.1 s| s 0.8 1.6 S S 4.0 7.5
MQWA.B5 0.7 1.4 s| s 1.0 2.0 S S 5.1 9.4
MQWB.5 1.7 3.3 s| s 2.4 4.8 S S 12 23
IMQWA.C5 3.9 7.7 s| s 5.6 1 s |'s 20 [
MQWA.D5 0.9 1.9 s| s 1.3 2.7 S S 6.8 13
MQWA.E5 1.7 3.5 s| s 2.5 5.0 S S 13 24
MBW.A6 1.0 2.0 s| s 1.4 2.9 S S 7.3 14
MBW.B6 1.2 2.3 S S 1.7 3.3 S S 8.4 16
MBW.C6 1.6 3.3 S S 23 4.7 S S 12 3
Dose [MGy] for integrated Dose [MGy] for integrated| Dose [MGy] for integrated|
Action LS1 luminosity 150 fb/-1 Action LS2 luminosityy350 fbA-1 Action LS3 luminosity3000 fbA-1 | Action during HL-LHC exploitation
R L R L R L R L R L R L R L

MQWA.A4 0.4 0.5 0.9 1.2 7.4 11
IMQWA.B4 0.3 0.8 0.7 1.9 6.4 16
IMQWB.4 0.5 1.3 S 1.2 1.8 S 10.1 9
|MQWA.C4 4.0 4.0 S S 5.8 5.8 S S 30
|MQWA.D4 2.7 2.7 S S 3.8 3.8 S S 20
|MQWA.E4 5.0 10.0 S S 7.2 14 S S 37 R
|MQWA.A5 2.6 2.6 S S 3.7 3.7 S S 19
|MQWA.BS 3.5 3.5 S S 5.0 5.0 S S 25
IMQWB.5 4.1 4.1 S S 5.9 5.9 S S 30
|MQWA.C5 1.9 4.9 S S 2.8 7.0 S S 14 36
IMawA.D5[ s | s 1.4 2.0 done | done 3.3 4.7 39.9
IMQWAES | s | s 12 41 | I
IMBW.A6 | S | s 7.8 5.5 done | done 18 13
IMBW.B6 [ s | s 12 6.2 done | done 30 14

MQWA.E4 1500 fbA-1
MBW.B6 1500 for-1 2400 b1

MBW.A6 1000 fb"-1 2000 fb"-1




MQW Shielding strategy

Bring the coil below 50 MGy, trying to get uniform and below that lev

have points at 10 MGy if your peak is at 50 MGy)

Hich
Luminos

8390

Peak dose reduction factor to reach 3000 fb/-1 Shielding strategy
; R L W Steel/Copper/Bronze
|MQWA.A4
|MQWA.B4
|MQWB.4
|MQWA.C4
|MQWA.D4
|MQWA-E4 Not needed Not needed 50 cm
|MQWA-A5 Not needed Not needed 50 cm
|MQWA-B5 Not needed Not needed 50 cm
|MQWB-5 Not needed 1.4 50 cm rest of length
|MQWA-C5 1.7 3.3 100 cm rest of length
|MQWA-D5 Not needed Not needed 50 cm
|MQWA'E5 Not needed 1.5 50 cm rest of length

Peak dose reduction factor to reach 3000 fb/-1 Shielding strategy
R L W Steel/Copper/Bronze

MQWA.A4 Not needed Not needed

MQWA.B4 Not needed Not needed

MQWB.4 Not needed Not needed none full length
MQWA.C4 1.6 1.6 50 cm rest of length
MQWA.D4 1.1 1.1 none full length
MQWA.E4 2.0 4.0 100 cm rest of length
MQWA.A5 1.0 1.0 none full length
MQWA.B5 1.4 14 none full length
MQWB.5

MQWA.C5
MQWA.D5

MQWA.E5
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Estimated MQW spacer damage with screens
(extrapolated red. factor 3)

a Hich
Luminosih

Dose [Mgy] for integrated luminosity 150 fb/"-1 Dose [Mgy] for integrated luminosityy350 fb/"-1 Dose [Mgy] for Iun;inzasft;?DOO fbr-1
R L R L R L

MQWA.A4 0.1 0.2 0.3 0.4 2.5 3.5
MQWA.B4 0.1 0.3 0.2 0.6 2.1 5.3
MQWB.4 0.2 0.4 0.4 1.0 3.4 8.4
MQWA.C4 1.3 1.3 3.1 3.1
MQWA.D4 0.9 0.9 2.1 2.1
MQWA.E4 1.7 3.3 3.9 7.8
MQWA.AS5 0.9 0.9 2.0 2.0
MQWA.B5 1.2 1.2 2.7 2.7
MQWB.5 1.4 1.4 3.2 3.2
MQWA.C5 0.6 1.6 1.5 3.8
MQWA.D5 1.4 2.0 3.3 4.7
MQWA E5 12.3 4.1 [ 287 | 9.6

Dose [Mgy] for integrated luminosity 150 fb/-1 Dose [Mgy] for integrated luminosityy350 fb/-1 Dose [Mgy] for integrated luminosity3000 fb/-1

R L R L R L

MQWA.A4 0.1 0.2 0.3 0.4 2.5 3.5
MQWA.B4 0.1 0.3 0.2 0.6 2.1 5.3
MQWB.4 0.2 0.4 0.4 0.6 3.4 3.1
MQWA.C4 1.3 1.3 1.9 1.9 9.8 9.8
MQWA.D4 0.9 0.9 13 13 6.5 6.5
MQWA.E4 1.7 3.3 24 4.8 12.2 | 224 |
MQWA.A5 0.9 0.9 1.2 1.2 6.3 6.3
MQWA.B5 1.2 1.2 1.7 1.7 8.5 8.5
MQWB.5 1.4 1.4 2.0 2.0 9.9 9.9
MQWA.C5 0.6 1.6 0.9 2.3 4.7 11.9
MQWA.D5 0.5 0.7 1.1 1.6 9.3 13.3
MQWA-ES ﬂ M . ‘ HH‘ME PatHDREniE Ih‘rﬁﬂmmfﬂm ﬁrl‘-ﬂﬁﬂ’mﬁllp‘lmentinn

0.8 [

0.6 [

Dose {HGy)
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MEASUREMENTS VS EXPECTATIO

(different collimation settings and before change of slope losse

MB TCAP

20

I B
=5 W

=20

| =

-40

| assuming a horizontal | 17500 17000
e ey

=16500

magnet peak dose [MGy] for |
intermediat
MBW.B6L7 3.3 e 1.7
MQWA.ESLY 09 cobimhator
———sethings—

l

=16000 -15500 -15M00 -14S00

Hich

i)

MQW

P/

=14000 13500
z [em]

taking for 4 TeV
with tight settings

, one would get250kG 1%°é‘é%%k6y
-~ by Y eRkGy

for 1.15 1016 |ost protons per b

0.5

izi 0 kGy
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Point 3 vs. point 7

MBW.CORS DROIT

2.3 kGy

98]

Hoer O O
199]
4.4 kGy,

[_)
MBW.CoLS GAUCHE
= = Lﬁi
~ )
i
15.7 kGy|| 18.0|kGy
ﬁ 7l

Hich
Luminosihy
I LEsF

MBW.BoR/ DRO‘

— )

487.3 kGy

[

69.1 kGy o m | 297.4 kGy

(18]

329.4 kG, |

af » [k

b

MBW.B6L/ GAUCHE

PG === N

397.5 kGy
_ I8 |
119.8 kGyaCm | > 500 KGy

106.3 kGy |
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Point 3 vs. point D7Rma“"'"""“*‘“"-

MQWA.ESRS DROIT

43.7 kGy

OB S

S0 08 <0%@@@ L0

MOWA.E5L3 GAUCHE MQWA.ESL/ GAUCHE

59.6 kGy| | 25.7 kGy
6
QL iy 6.7 KG N (>
@ 0 kGy fallen off [ Cis| 100.4 KGy

Q Q @4 kGy (487.3 kGy}Q D Q O



Estimated dose point 3 and poinggs
Dose [ng] for integrated Iummos:ty 150 fb"-1 ¥ pose [ng] for integrated luminosityy350 fb/"-1 Dose [Mgy] ju:iuMJ:lylzboo b1 A
L R L

MQWA.A4 0.1 0.1 0.1 0.2 1.0 I I-”2.1
MQWA.B4 0.1 0.1 0.1 0.3 1.1 2.2
MQWB.4 0.1 0.1 0.1 0.3 1.2 2.4
MQWA.C4 0.1 0.1 0.2 0.3 1.5 3.0
MQWA.D4 0.2 0.4 0.4 0.9 3.7 7.4
MQWA.E4 0.9 1.9 2.2 4.3 18.6 37.2
MQWA.A5 0.6 1.2 1.4 2.8 11.9 23.8
MQWA.B5 0.7 1.5 1.7 3.5 14.9 29.7
MQWB.5 1.8 3.6 4.2 8.3 35.7 71.3
MQWA.C5 4.2 8.3 9.7 19.4 83.2

MQWA.D5 1.0 2.0 2.3 4.7 20.1 40.1
MQWA.E5 1.9 3.7 4.3 8.7 37.2 74.3
MBW.A6 1.1 2.1 2.5 5.0 21.4 42.7
MBW.B6 1.2 2.5 2.9 5.8 24.8 49.6
MBW.C6 1.8 3.5 4.1 8.2 35.0 70.1

Dose [Mgy] for integrated luminosity 150 fbA-1 Dose [Mgy] for integrated luminosityy350 fb/-1 Dose [Mgy] for integrated luminosity3000 fb/-1
R L R L R L

MQWA.A4 0.4 0.5 0.9 1.2 7.4 10.6
MQWA.B4 0.3 0.8 0.7 1.9 6.4 16.0
MQWB.4 0.5 1.3 1.2 2.9 10.1 25.3
MQWA.C4 4.0 4.0 9.3 9.3 79.8 79.8
MQWA.D4 2.7 2.7 6.2 6.2 53.2 53.2
MQWA.E4 5.0 100 116 233 | ee7 ] 1995 ]
MQWA.A5 2.6 2.6 6.1 6.1 51.9 51.9
MQWA.B5 35 35 8.1 8.1 69.2 69.2
MQWB.5 4.1 4.1 9.5 9.5 81.1 81.1
MQWA.C5 1.9 4.9 4.5 11.3 38.8 97.1
B e S -1 FE S—cw— 14.0 83.8

MQWA.E5 36.9 12.3 86.1 28.7 738.1 246.0
MBW.B67 23.3 16.6 54.3 38.8 465.5 3325
MBW.A67 37.2 18.6 86.9 43.4 744.8 372.4
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Varigtion [ %)

lr EPN+DADPS

00 4 £

*
—e—
"l ——

e

*
50" l
ol T >
0 107 xi0* 1x10° Ix10”
Dose (rad )
Modifications des propriétés mécaniquesdu EPN+DADPS.
#n fonction des doses absorbies
® 1- Résistonce a Jo flexion U5 kg/mm
O 2- Résistonce @ la traction 8 kg/mm?
A& 3~ Modue d dlasticité M5 kg /mm?
4 4~ Allongement a lo rupture mm
B 5- Resistonca ov chec . kg-m /fem?
0 8- Durete e
% 7- Absorption d'eou =25°C | 4 jows . as. %
% 8- Point de flechissoment o lo chalaur ) oC

. DGEBA+MDA
150 + '
&
c
2
: * 3
100 4=
50 %
R
(VI MV 1x10" 1x10° 1x10®
Dose (rad )
Modifications des propriétés mécaniques du DGERA+MDA
en fonction des doses aborbaes
® | - Résistance o lo flexion 17 kg/mm2
© 2- Resistonce @ la traction 72 kq/m’
A 3- Modue d élasticite 25 kg fmm?
4 4~ Allongement a lo rupture mm
W 5- Résistonce ou choc 25 kgmjem?
0 é- Durets B SonD
% 7- Absorption d'scy -25°C , 4 jours 06 %
% 8- Point de fléchissement o ko choleur 158 . °C
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Power deposition

MBW
Ultimate current 820A
Electrical dissipated power ultimate current 41 kW
Delta T measured ultimate current on cooling water 30C
New operational current 650A
New dissipated electrical power operational current 26 kKW

Worst dissipated power due to radiation losses (including -.
dissimetry and new loss rate) 4kwW
New total power to be dissipated (Pel+Prad+Pconv) -. 30kw

New Delta T necessary to evacuate the power 22C

New magnet working temperature _- 48C







LHC Point 7

=
|
MNon-desigrated Area
B  Supervised Radiasion Area ‘ IV
P senple Controlled Rad. Area
. . . Limited Stay Area
Ambient dose equivalent rates in pSv/h at 40cm I High Radiabion Area
I Frohibited Area
measured on Dec 20, 2012
(last “good” fill on Dec 5, i.e. cooling time >1week)
A4 1504w H0E0 4334 m 20100 57R4 m _ 01451 844 m 25454 m 20009 1014 m _ 0051 2514 m
2 | s L2 e e xR
[ IE s
-—-=Z -
Ny — ) =

___/ 3

BETLs |
S, S S
400 || ?0 || 350 || 190 1400 | 168 | 290 | 1500 || 250 | 450 || 1600 || 400 | 500 | 1500 || 350 || 1600 I 57 |l 15
430 _ _
Scaling factors teool Scaling factor
based on generic One hour 1.4
i Studies for IR7:

collimators magnets absorbers — Lo
One week 0.73
One month 0.45

//

4 months 0.20




Table 1

Technical application, composition, curing conditions, and short survey

on properties of the tested impregnation systems based on AR&LDITEand ARAGAST@)epaxy resins

Type 1 2 and 2a 3 4 5
. . . . Comparative systems
X o Vacuum impregnation | Vacuum impregnation ara
Technical application CERN : .
of ISR magnet coils | of SPS magnet coils Standard 1 Standard 2 lantoin

Type Za:
24 h/150 °C

Composition: &
- Epoxy resins EPN 1138 Araldite MY 745 Araldite CY 205= Araldite CY 205 = Aracast CY 362
Araldite MY 745 Araldite F Araldite F
Araldite CY 221
- Hardener HY 905 HY 906 HY 905 HY 906 HY 905
- Accelerator XB 2687 XB 2687 oy 06l o 064 XB 2687
Parts per weight of the S0:50:20:120:0.3 100:90:1.5 100:100:1 100:80:1 100:120:1.5
components
Curing conditions for test| 24 h/120 °C Type 2: B h/BD °C + 24 h/150 °C 12 h/90 °C +
specimen 5 h/110 °C + B h/130 °C 18 h/140 °C
16 h/125 °C

Processing properties b)

Mechanical and thermo-

mechanical properties b)

Electrical properties o)

Medium viscosity,
very good long pot-
life, long gel-time.
Good flexibility,
medium heat distor-
tion temperature
respectively glass
transition tempera-
ture (medium cross-
linking grade).

Medium tracking
resistance.

Medium viscosity,
long pot-life,
medium gel-time.

Good flexibility,
higher transition
temperature than
type 1 (higher
cross-linking
grade).

Type Za: less
flexible and higher
glass transition
temperature.

Good properties as
a function of tem-
perature.

Medium viscosity,
short pot-life,
short gel-time.

Good flexibility,
medium glass tran-
sition temperature
(medium cross-
linking grade).

Very good tracking
resistance.

Medium viscosity,
short pot-life,
short gel-time.
Medium flexibility,
high glass transi-
tion temperature
(high cross-
linking grade).

Good dielectrical
properties as a
function of tempe-
rature,

Low viscosity, long
pot-life, short
gel=-time.

Medium heat distor-
tion temperature
respectively glass
transition tempera-
ture (medium cross-
linking grade].

Very pood tracking
resistance.

a) For more details see

Table 2;

b} For more details see Table 3,

A.RALDII'E and AR&G&ST@ are trade names of Ciba-Geigy epoxy resins.
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lr £ PN+DADPS
150 4
£
c
8
; ’ {
0o 4 ¥ 7’ | 3 4
{ D f
*
o 1 jl
(E
- T >
0 1m0 x10* 110 10"
Dose (rad )
Modifications des propriétés mécaniquesdu EPN+DADPS.
en fonction des doses absorbées
® 1. Résistonce @ o flexion U5 kg/mme
0 2- Risistones & la traction _9F kg/mm?
A 3~ Modue d éasticitg M5 kg fmm?
4 4~ Allongement a lo rupture mm
B 5- Resistonca ov chec . kg-m /fem?
06-Dwewe
% 7- Absorption d'eou =25°C | 4 jows 05, %
# 8- Point de flchissoment o ko choleur oL NG.. eC

. DGEBA+MDA
150 + '
&
c
2
B * i b L
100 4 £
*
*
}
50 %
A
0 e’ 1x10" 1x10° wi0®
Dose (rad )
Modifications des propriétés mécaniques du DGERA+MDA
en fonction des doses aborbaes
® | - Résistance a lo flexion kg,/mm:
Q 2- Resistonce 0 la troction kg /mm?
A 3- Modue d dasticite WS kg fmm
4 4 - Allongement a la rupture mm
W 5- Résistonce ou choc 25 kgmjem?
0 é- Durets B SonD
% 7- Absorption d'scy -25°C , 4 jours 06 %
¥ 8- Point de fldchissement o ki cholewr °C



Table I1l.1e

Effect of nuclear radiation on the
dielectric strength of epomdy resins )

Dielectric strength (kV/mm) versus dose (rad}
Resin composition

0 2.3 = 10 5.6 = 100 6.8 x 10° 1.2 = 10° 1.2 = 10° 2.7 = 1%
1] Araldite F + MDA 21.2 + 0.8 17.7 & 0.B(83.5) 16.1 = 0.8(76)
7] Araldite F + DADPS 1.4 " 18.5 " ([86.5) 17.5 " (82)
3) Araldite F + MA 19.0 " 18.2 " (96) 17.8 " (93.5)
4) Araldite B + AP 18.1 * 17.4 "™ (98] 14.5 " (BOD) ;
5) Araldite F + DPA + TETA [ 19.6 " 19.5 £ 0.8(100) 16.5 + 0.8(84) 0 T
6] EPN + MA + BDMA 2.5 21.0 + 0.8(93.5) 20.0 + 0.8(89)
7) EPN + MDA 19.1 " 0.0 " (105) 1.5 " (97)
8) TGMD + MA + BIDMA 0.1 " 18.7 " (93.5) 18.0 " (90)
9) TRMD + MIA 3.4 M 3.3 " (100) 25.2 " (108)

The values in brackers represent Lhe percentage of the initial walue.
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DGEBA considerations a1

4. Pure resin combinations (Table 2 and Figs. 1 to 6)

The radiation resistance of composite insulating materials depends primarily on the binding material,
in particular in cases where the other components are inorganic, e.g. glass tape, mica, etc. For this reason
pure resins that are generally used as binding materials were included in this study. On the other hand, not
too much importance should be attributed to these results since the radiation resistance may be
considerably improved by the reinforcing materials.

Comparing the results and taking the half-value dose for flexural strength after irradiation as the
parameter, the following radiation resistance was found:

—~ No. 338, epoxy resin + isocyanate upto 1 x 10°%° Gy
— No. 348, epoxy resin: DGEBA + anhydride + other components upto 3 x 107 Gy
- No. 336, epoxy resin: DGEBA + anhydride + other components uptol x 10" Gy
— No. 337, silicone resin uptol % 10" Gy
- No. 369, silicone resin uptol x 107 Gy
— No. 368, epoxy resin: DGEBA + anhydride + other components upto 3 x 10° Gy
4
Material Flex. strength Deflexion Modulus of RI
No. Type Dose at max. load at max. load elasticity IEC5544-4
Supplier at 10° Gy/h
Remarks (Gy) S (MPa) D (mm) M (GPa)
336  Solventless epoxy resin 0.0 85.0 + 3.0 4.6 + 0.1 3.36 + 0.02 7.3
(Base: DGEBA + anhydride
hardener + other components) 3.0 x 10° 90.6 + 7.5 4.6 + 0.1 3.54 + 0.09
Micadur resin 1.0 x 10° 94.4 + 6.0 5.2+ 0.3 3.47 + 0.11
BBC, Baden 3.0 x 10° 84.2 + 6.0 4.6 + 0.6 3.41 + 0.16
HV machine insulation applica- 1.0 x 10’ 75.0 + 6.1 4.0 + 0.4 3.46 + 0.06
tion
3.0 x 10’ 31.4 + 0.0 2.9 = 0.0 1.93 + 0.0

1.0 x 10® 6.4+ 2.5 0.8 + 0.3 1.00 + 0.32
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