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Introductory considerations

The questions posed to the working group by SuperB management (see annex A) were
triggered by the need to evaluate the proposal of the Budker Institute about the possibility to
build some of the Main Rings magnets and the vacuum chamber. This proposal included a list

of items that can be provided by BINP and the relative costs.

First of all we have to stress a series of preliminary considerations

e The basic document availablen to the Working Group is constituted by an excel file
(Magnets_V16.xlsx) including the main characteristics of all dipoles, quadrupoles and
sextupoles of the HER and LER lattices. Namely the field or gradient and the
magnetic length are reported for any magnets.

e Some additional information about magnets was coming from PEPII TDR and from
the CDR of SuperB.

e This basic information is indeed poor because important parameters such as magnet
gap or bore, good field region and beam stay clear are not clearly specified.

¢ No magnet design exists also at very basic level.

e Under these conditions the mission of the working group appeared very difficult. The

only way we could perform, at least partially, our work was to make ourselves



assumptions about the magnet structures if not so
basis of the existing information.

An important parameter is the magnet gap or bor

me simple design exercises on the

e. For LER dipoles gaps from 63.3

mm to 100 mm were considered. For HER Dipoles gaps from 60 mm to 100 m were

used for evaluation. For quadrupoles, bore radius of 30 mm and 50 mm were

considered and finally for sextupoles & bore radius of 30 mm and 50 eE=L09-mm was

used. The reason why we analysed these gap/bore ranges is based on three main

considerations:

a) the lower limits directly were coming
responsible for the lattice;

b) the upper value for the dipoles reflects

from indications given by SuperB

a worry about the effects on beam

pipe dimensions of the needed vacuum pumping rate;

¢) the upper value of the quadrupoles and sextupole bore is an assumption.

Methodologies

Two different methods were used oriented to have as final output a cost evaluation of
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As first general remark we noted that the varieties of magnet appear to be quite large.

As an example the HER include dipoles with 7 diffe

rent lengths with field ranging from

0.067T to 0.319T and 22 different currents involved. For LER quadrupoles we have 3

main magnetic lengths, but more than 100 different currents (ranging from 5 A to 400 A).



A reduction of the number of magnet types and especially of the number of different

currents could be helpful later, in view of a better optimization of magnet designs with

advantages for the costs of magnets and power supplies.

A second remark is related to the quadrupoles. The HER include many high gradient
quadrupoles (16+20 T/m<G<32 T/m). These magnets are reasonable from the cost point
of view if the bore is 60 mm. For larger bore (we looked up to 100 mm bore) the magnets

are very massive and expensive. Some re-thinking about the needed gradients by the

lattice designers looks necessary.

Costs

The result of the cost (in k€) analysis is summarised in the Table 1. The table includes
the costs of the magnets as they would be bought new. Both the results of the seakiag first
and the anabytieal second approaches are shown. For both methods two different
evaluations are reported: one for smaller gaps/bores and a second one for larger
dimensions. The table can be used for composing the costs depending on the technical
choices.-However we can-distinguish two main 1depenciing on the di ions: I
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Table 1: Cost evaluation

Item Optimization approach Analytical approach
HER Dipole Gap 60 mm | Dipole Gap 100 mm | Dipole Gap 68 mm| Dipole Gap 100 mm

Quad Bore 30 mm | Quad Bore 50 mm Quad Bore 30 mm | Quad Bore 50 mm

Sext. Bore 100 mm Sext. Bore 100 mm
Dipole 16937 25893 17235 21434
Quadrupole 1349 2500
Low Gradient
Quadrupole 8576 16013 10845 Not evaluated
High Gradient
Sextupole 2783 2783 2535
LER Dipole Gap 63.3 mm Dipole Gap 100 mm PDipole Gap 64.8 Dipole Gap 100 mm

Quad Bore 30 mm Quad Bore 50 mm mm Quad Bore 50 mm
Sext. Bore 100 mm Quad Bore 30 mm
Sext. Bore 100 mm
Dipole 2641 3947 3153 3864
Low field
Dipole 14034 20425 11181 14776
High Field
Quadrupole 5626 10430
Low Gradient
10889
Quadrupole 2505 2663 Not evaluated
High Gradient
Sextupole 2783 2783 2535
I 1 1 ! i : 17
Spin rotators 3550
Final focus 3800
= . [ 1 7 I I I
Girders  for 6000 8000
magnets rings
] H— 1 7 [ Wl I

Vacuum pipes
RF  shielded
bellows  and
valves
Pumps
Valves
Gauges




Reuse of PEPII magnets

In general it is noted that there are two possible modalities for reusing the PEPII magnets. a)
Some of the SuperB dipoles fit the length of existing PEPIlI magnets. In principle these
magnets could be used “as they are”. In facts the PEPIl magnets have the windings in
aluminum, while for electrical power consumption reasons all SuperB magnets shall involve
a copper conductor. So these magnets shall be dismantled, new coils shall be constructed and

then integrated into the yoke; finally magnetic test shall be performed.
b) For the magnet with different lengths only the iron yoke can be partially reused after a

cutting for meeting the geometrical lengths of SuperB magnets.

Analysing the option a) for 40 dipoles of HER (the ones with length 5.4 m) with the
analytical approach, one find that the costs to be paid are k€ 1525 for material and k€ 2353
for manpower. If new built, the costs for these 40 magnets is k€ 5047, giving a cost saving of
k€ 1169.

Option b) for the remaining 154 dipoles of HER implies a cost of k€ 8923 with a cost

saving of [l |
In total the costs s\vmg or HER dlpoi‘es seems to be k€ 3190 over a total (;03'[ of about k€'r
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Answer to the questions
On the basis of the studies and analyses done by the working group, the answers to the

guestion posed by SuperB management are:

1. Are the magnet parameters adequate to the SuperB main rings?

Answer:  The basic information is presently quite limited (important parameters such as
magnet gap or bore, good field region and beam stay clear are not eteasly specified) and no
magnet design exists also at very basic level. The answer to this question can be only partial.
The working group thinks that some work is needed on the lattice optimization aimed to
define the dipole gaps taking into account the problems coming from vacuum issues. A high
pumping rate could require gaps as large as 100 mm with consequent high cost of the
magnets. The quadrupoles of the HER and some quadrupole of LER have too high gradient
(> 20T/m) requiring difficult and heavy magnet to be designed and built if the bore is 100

mm. For 60 mm bore no problems are envisaged.

e Are there clear economic advantages in using the PEP---11 rings magnets?
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later for a better optimization of magnet designs with advantages for the costs of

magnets and power supplies. Presently there are not the conditions for defining a

spare part or maintenance strategy.

e When and how we can define the main rings layout to evaluate its impact on civil
engineering and environmental conditions?

2. What is needed to assess how the solution proposed compares with the one reusing PEPII

magnets.

The suggestion of this working group is not to reuse PEPII magnets. This conclusion is based
on a preliminary analysis done on the information available now. It is clear that an assessment
how the option of procure new magnets compares with the reuse of PEPII magnets can be

done only after a design of the magnet exists. However this Working Group is not expecting a

different conclusion.
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APPENDIXA

Charge to the working group
Frascat, Febru ry 14 2012

Biagini, INFN-I.NF, Frascati, ly
0Oo0zza, INF F, Frasca Iy

P. Fabbricatore, INFN-Genova, Italy (chair)
E. Levichev, BINP, Russia

C.SaMlli, INF F, FraSGati, taly
O_Tommasini CERN,Switzerla d

U.W enandis,SIJ\C. USA

Dear Colle

The IC)a Olinbbo Laboratory, - charno Ihe onsiRICliOnofii'le <S'E! project at the Roma Tor
Vergata Umrersity campusjs plannillito collabocate witll other international laooratorie:s or the pn:Msion
of paruof e accelerator.

I'nl' Bu er stiNte nNOYOSI1rsk jRussia) has ev-al the pOSstiillJL:Y te bueiCl some o! he n
~ngs magnets and lhe ull' eh mber. A ist of item.sthat an be providmby Bl P, nd relati e coru,
has been presented by Prot E. tevidhev.

1- O«let to De @ e to correaly evalu.ne me proposal Ot filNF we woold hke to InYit you. asan
IJillert ‘\nthe eld, to parl!c!Qite te enevatua onifo1).

Examples of Ic:ey points to be adClressed are reported befow.

1. Arewmai etparametersaclequa.li'to Su gtama- rinis?
Are tl1lete cleer economie edvanta es n 1JSnithe PEP [Ilrllesma - ?
Are thel'e oome CONtruaion risks and what canbe doneto mitigate mem? (for exampe: s Te
parts, maintenance strategy, - |

When and now we an defi e mainrillpliayout touateits - att on - engjneeril'll and
e Nntalconcl!tlons?
2. tisneeded to atSsess how Me solution proposed cornpares - the one reusing FcEPll m gnett

We hope that you will acce this charge_ looting forward to atru- | collaboration, please accept
our best I€d nti.

Roberto Pe ronm Walter Scandale
Director Genera ,Cabibbo Laboratory Director  lab infrastructures, cabibbo Labor.ItOft

RP-WS/MRf
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Preliminary Questions - 1

L2

Some preliminary gquestions should be clarified to
better understand the problems and to make a

more clear and precise cost evaluation. Just as an
example:

1) Which are the max beam dimensions (or (3 max,
&max, Dmax)?

2) Which are the max beam stay-clears?

3) Is there any impedance budget to be respected
for the vacuum chamber? This affects the v.c.

geometry, material and dimensions, then the
magnet gap and/or the bore radius.
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Preliminary Questions - 2

11z

4) Are there special constrains on the vacuum
chamber that affect the v.c. encumbrance like,
e.g., B.P.M. or e-cloud electrodes, that impose a
larger magnet gap and/or bore radius?

5) What about the power deposition due to
Synchrotron Light: this again affect the v.c.
geometry, the need of absorbers, the materials,
etc.. The rough average value of 3 kW/m (A.
Clozza) in our case ask for a careful attention and
design.
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Preliminary Questions - 3

6) Which is the expected Good Field Region and
the related magnetic field/gradient tolerance?
This again affects the physical dimensions of
the magnet (width).

7) Since some magnets are very long (> 5 m),
which are the overall vacuum chamber
dimensions and tolerances?
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Preliminary Questions - 4

The answers to these questions (and eventually
others | have forgotten) can let us understand
if the PEPIl magnet gap/bore radius is
adequate for Super-B and go ahead with a
more precise cost evaluation.
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Basic Assumptions - 1

1. L.E.R. Dipoles:
1.1 Two possible gaps: 0.0633 (as per Biagini list)
and 0,1 m.

1.2 Two dipole cross-section: a) low field (less
than 0,2 T); b) high field (from 0,2 to 0,76 T).

2. H.E.R. Dipoles: Two possible gaps: 0,06 m (as
per Biagini list) and 0,1 m, but only one cross-
section.

) CABIBEO M\ LAB
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Basic Assumptions - 2
3. L.E.R. Quadrupoles:
3.1 Two possible bore radius: 0,03 m and 0,05 m.

3.2 Two quad cross-section: a) low gradient (less
than 16 T/m); b) high gradient (from 16 to 32,11
T/m).

4. H.E.R. Quadrupoles:

4.1 Two posssible bore radius: 0,03 m and 0,5 m.

4.2 Two quad cross-section: a) low gradient (less
than 16 T/m); b) high gradient (from 16 to 32,11
T/m).

5. Very high gradient |.R. quads (4): not evaluated.




CABIBBO M\ LAB
Lakaratarke Wicoks Cabiibo \_}

1112

= Basic Assumptions - 3

6. Sextupoles:

6.1 Only one sextupole type.

6.2 Reference design: ANKA sextupole.

6.3 Two possible bore radius: 0,03 m and 0,05
m.

6.4 The 0,05 bore radius sextupole is scaled by
the 0,03 one only increasing the bore radius
and the current but leaving unchanged the
corss-section.

INFN SRR S Bl
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Basic Assumptions - 4

/. Steering magnets:
7.1 The quantities are the same of PEPII.

7.2 The costs are scaled from magnets having
similar aperture (CNAO steering magnets),
and similar magnetic lenght.

8. No modification, refurbishing, adaptation of
the PEPIl magnets has been considered
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i Cost Summa ry Table

Magnet Type Gap/Bore Radius (m) Cost (k€) PEPII Saving (k€) Gap/Bore Radius (m) Cost(k€) PEPII Saving (k€)
L.E.R. Dipoles (Low field) 0,0633 2641 0 01 3947 o
L.E.R. Dipoles (High Field) 0,0633 14034 -5396 0,1 20425 o
H.E.R. Dipole 0,06 16937 -5183 01 25853 0
L.E.R. Quadrupoles (Low Gradient) 0,03 5626 0 0,05 10430 -235
L.E.R. Quadrupoles (High Gradient) 0,03 2505 0 0,05 4663

H.E.R. Quadrupoles (Low Gradient) 0,03 1349 0 0,05 2500 -2500
H.E.R. Quadrupoles (High Gradient) 0,03 8576 0 0,05 16013 -2416
Total Cost (All new magnets) 51668 -10579 83871 -5151
L.E.R. Sextupoles 0,03 2783 0,05 2783 Same Sex as 0,03
H.E.R. Sextupoles 0,03 2783 0,05 2783 Same Sex as 0,03
Total Cost (All new magnets) 5566 5566

Steering Magnets

L.E.R. Steering - N. 296 - 30 k€ Each 8880 -B880 8880 -8880
H.E.R. Steering - N. 282 -25 k€ Each 7075 -7075 7075 -7075
Total Cost (All new magnets) 15955 -15955 15955 -15955
Grand Total Cost (All new magnets) 73189 -26534 105392 -21106

Mote: No modification, refurbishing, adaptation of the PEPIl magnets has been considered!
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Modification, Refurbishing, Adaptation
of PEPII Magnets
Some Considerations

Some useful data:

1) LNF Energy Cost —January 2012: 0,178 €/kWh

2) Rough Annual Cost = 1 M€*Year/MW

3) Estimated max electric power: 40 - 60 MW

4) Optimum Current Density: 2 — 2.2 A/mm?

Expected Electric Energy Cost in operation:
40-60 M€/Year
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~¥Coil Substitution: the PEPIl magnets have Al
coils:

Pa/Pcy = 1,63
Only for Storage Rings:
Assuming: a) J= 2.2 A/mm?; b) gap 0,0633 m
Dipole (very roughly):
HER.=1MW LER.=0,6 MW
Quadrupoles:
H.E.R. <G>=(Z, G*N,)/Z.N. = 19,62 T/m
2.N. =362
H.E.R. Quad Power (r=0,03, Lm=0,3 m) = 1 MW

) CABIBBO )\ LAB
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L.E.R. <G> = (2, G*N,)/2ZN.=12,77 T/m
2N, =376
L.E.R. Quad Power (r=0,03, Lm=0,3 m) = 0,43 MW
Dipole + Quadrupole total Power: 3,03 MW
Expected extra cost fro Al coils:
3,03 (MW)*0,63 = 1,9 M€/Year

(Power converter losses, efficiency and power
factor cos@ not considered).
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Coils have to be built in Cu!

Mechanical (and Magnetic) lenghts have to be
adjusted, then one needs:

1) Tools to dismount the magnets (dismount old
coils, unsold the external containing and
reinforcing plates, etc.)

Question: Are the [amination glued?

If yes, the idea to heat the magnet to unglue the
laminations to re-use them appear to me not
consistent. In alternative, can the magnet
mechanically cut?

To be investigated.
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If not, the laminations can be re-used, but:

2) Tools for positioning and packing the new
magnets;

3) New containing and reinforcing external
plates;

4) New fiducials for correct installation and
alignment of the magnet;

5) New ancillary components to assemble the
magnet (coil supports, etc.)

6) New coils (the length is changed)
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7) New complete magnet characterization with a
complete, iterative set of magnetic
measurements, magnet adjustment, magnetic

measurements.

8) New magnet supports and adjustment tools.

Question: finally, is the necessary manpower
less expensive than the iron lamination?

) CABIBEO /M\LAB
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e ANKA Sextupole
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BHERSLO | DAT1E14
BHERFILO, 0497578
BHERID | 0503805
053347
0504367
DuP_LERS | 0755064

Low Feld Type
[High Fisic Type
FEFI Availabie
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Name B{T)
BOSL 0,067
B2ZBL 0,077
B1DR 0,084
B2AR 0,067
BOSR 0,091
BOAL 0101
B1DL 0113
B1BL 0115
BOR 0,138
B2BR 0,147
B1BR 0,157
B1CL 0,176
B1AR 0,240
BHER2 0257
BHER1 0257
BHER 0257
BHERS 0257
B3L 0,278
B3R 0284
BAL 0,286
B5L 0,286
B5R 0,292
B4R 0,292
BHERJ 0319

33,037
27,385
765
26120
23,087
18,351

4.1
4,1
4,1

a1
a1

081
&5
021
021
0

H.E.R.B

pim) o {mrad) Sagittajmm) E (GeV) B,

333,710
288,282
266873
256,333
245,141
220,053
197,003
193,547
161,543
151,982
142251
126,758
93,116
87,066
87,066
87,066
87,066
80,386
78,630
78,217
78,217
76,509
76,509
63,994

2452
15,0738
29,7287
EIIEE]
19,5255

2452

8,331
14,223
13,677
15,995
11422
18532

47,707

58577
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. Bending Dipoles

E(SeV} 418 Total & (mead) Fraction 2*x

83303 0o

Sum
2, 5B, 5008 0,037
0, 90448875 PEF-II LER available 385315% 00614
296543025 117,151
3,135673875 2480828
109309375 PEF-11 LER available 1522389 03424
138 136,1736 opa12
Sum 52915358 02473
Tatal 283,397 1,0000

2937
7,289
6,240
E,197
3998
9,540
EA52
10,851
12,999
13,830
14,71
13,138
17,884
2,E14
4,149
41,865
26177
26,138
26,723
26,864
21,291
21,766
27,464
30,020

Gap [m) Uni C
33

D.0633;
0,0633
0,0633;
0,063
0,0633
0,063

o5t (o] Total Cast (KT}

5336

E32E

Gap [m) Unit Cost (k€] Total Cost (k)
o L, oL,
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ending Dipoles

7 Total = (mrad) Fraction 2*x  Gap (m) Unit Cost (k€) Total Cost (k€)] Gap [m) Unit Cost (k€] Total Cost (k€)
83505 00013 0,0600 24,85 8485 0,100 128,29 120,23

28,4448 0,0045 10,0600 108,16 21632 0,100 166,10 332,20

13,6769 00022 0,0600 100,50 10050 0,100 15335 153,95

31,9896 00051 0,0800 108,16 21632 0,100 166,10 332,20

114220 00018 00800 24,85 8485 0,100 128,29 120,73

55,8057 00083 0,0600 108,16 32448 0,100 166,10 438,30

1E,5258 00023 0,0600 100,50 10050 0,100 15135 153,95

423452 0,0067 00600 108,16 21632 0,100 166,10 332,20

126,8180 00202 0,0600 108,16 S4080 0,100 166,10 230,50

53,9714 00066 0,0600 108,16 21632 0,100 166,10 332,20

57,6444 00092 00600 108,16 21632 0,100 166,10 332,20

57,5694 00092 00600 100,50 0100 0,100 15335 307,90

7E,3966 00125 0,0600 100,50 0100 0,100 15335 307,90

3853152 00614 0,0600 55,52 133248 0,100 8156 200544

1522,9890 02424 00600 6234 436252 0,100 94,20 7347,60

PEP-I HER | awailable 2480,888| 0354845588 0,06 129,57 518230/ 0100 0017 8006,80
784,6960 01243 00600 110,82 177312 0,100 170,26 2724,16

102,0076 00162 0,0600 108,16 21632 0,100 166,10 332,20

104,2856 00166 0,0600 108,16 21632 0,200 166,10 332,20

524183 00063 00600 108,16 10E16 0,100 166,10 166,10

46,6651 0,0074 00600 100,50 10050 0,100 15335 153,95

47,7071 0,0076 00600 100,50 10050 0,100 15335 153,95

53,5888 0,0085 00600 108,16 10E16 0,100 166,10 166,10

117,1530 00186 00600 108,16 11632 0,100 166,10 332,20

Total 6283,4236 1,0000 16936,78 25892,78
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Name G (T/m)
QFCPIL 16,00
aFsL2 16,05
QD4R 16,12
QFML 16,36
apMs2L 16,51
aFM 16,62
aDMFF2 16,66
QFBSL 16,71
QF13L 16,79
QF138 16,79
aFBsLL 16,90
aFsLL 17,05
QF15R 1757
apMsiL 18,07
QDMFFD 18,41
apMs1 18,84
ap1iL 1891
ap11A 1891
QFRSR3 1955
QOMFFOL 2081
QDMFF2L 2130
QFMFFIL 2341
QFMFF2 2494
QF8l 2530
QFMFFLL 29,80
anoer 3058
QFMFFL 3234
OF1R 385,71

AR

1w

L {m)
0,50
0,30
0,30
0,50
015
0,50
0,30
0,50
015
0,15
0,50
0,30
0,50
0,30
0,30
0,30
0,30
0,30
0,50
0,30
0,30
0,30
0,30
0,37
0,30
0,15
0,30
0,457

&0,00

E (GeV)

4,13 Bore Radius (m] Unit Cost {k€) Cost [k€)

0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03
0,03

35,67
26,14
26,14
35,67
17,13
3557
26,14
35,67
17,13
17,13
35,67
26,14
35,67
26,14
26,14
26,14
26,14

3345

107,01
156,84
5228
499,38
17,13
42804
26,14
214,02
1713
17,13
214,02
156,84
71,34
26,14
26,14
26,14
26,14
26,14
7134
26,14
26,14
26,14
26,14
67,36
26,14
34,26
26,14

2504.70

CABIBBO MLAB
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E.R. Quadrupoles — Low Gradient

CABIBBO \LAB

otarmtoris picon Conmbo B Jf

Bore Radius [m] Unit Cost (k) Cost (k€]

0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0.05

66,68
48,72
48,72
66,68
31,95
66,58
43,72
66,68
31,95
31,95
66,68
48,72
65,68
43,72
4872
48,72
4872
4872
BE5E
4872
4872
48,72
4872
55,39
48,72
31,85
48,72
62,49

200,04
292,32

97,44
93352

4872
12498

4662 43

~.E.R. Quadrupoles — High Gradient

New Type
PEPI Available
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Mame G(T/m) N Lim) |E(Gev)| &7 Bore Radius (m] Unit Cast (k€] Cost (k) Bore Radius m] Unit Cost (k€] Cost (k€]
QFMFFS 0,78 1 0,30 0,03 1701 17,01 0,05 31,52 3152 Low Gradient Type
QDMFFAL 085 1 030 0,03 1701 17,01 005 3152 3152 High Gradient Type
QDMFFEL 103 1 030 0,03 17,01 17,01 0,08 3152 3152 PEPI| Awailzble
QOMFFS 115 1 030 0,03 1701 17,01 0,05 3152 3152 Special Type
QFMFFSL 175 1 030 0,03 1701 17,01 0,08 31,52 3152
QDZR 1482 1 030 0,03 17,01 17,01 0,05 3152 3152
apL 182 1 030 0,03 1701 17,01 005 3152 3152
QOMFFG 138 1 030 0,03 1701 17,01 3152 3152
QFMFFT 427 1 030 0,03 17,01 17,01 3152 3152
QFMIFFTL 5,09 1 030 0,03 1701 17,01 3132 3152
QDMFFE 6,63 1 030 0,03 1701 17,01 3152 3152
QDIR 716 2 030 0,03 17,01 34,02 31352 63,04
QDMFFEL 720 1 030 0,03 1701 17,01 3132 3152
QFMFFIL 11,22 1 030 0,03 1701 17,01 3132 3152
aFsy 1127 2 0,30 0,03 1701 34,02 31520 63,04
QFMFFS 11,48 1 0,30 0,03 1701 17,00 31,520 3152
apisL 12,95 1 0,30 0,03 1701 1701 31,52 3152
QD1sR 12,96 1 030 0,03 17,01 17,01 3152 3152
QFsL 1451 [ 030 0,03 17,01 102,06 3152 189,12
aFfl 1451 & 030 0,03 17,01 102,06 3152 189,12
QFPIS 14,52 4 030 0,03 17,01 BE,04 3152 12608
QF 1458 14 030 0,03 1701 23814 3152 44128
QFSLL 15,05 & 030 0,03 17,01 102,06 3152 189,12
QFPIL 15,08 & 030 0,03 17,01, 102,06 3152 189,12
QFl 15,09 2 030 0,03 17,01 34,02 3152 63,04
aFL 1517 12 030 0,03 17,01 20412 37824
abms2 1564 2 015 0,03 11,08 2216 4154
QD4R 15,69 1 030 0,03 17,01 17,01 3152
ap4aL 15,69 1 030 i 80 0,03 17,01 17,01 1348,94 3152 3152 2500,1

e CABIBEO )LAB
IN FN Laarntorks Mok Cabdbbe U

Tilieuta Mt ixisle
o Fisica Wu chearn

g“'ﬁwwr—LE.R. Quadrupoles — High Gradient

n Lim) |Ejgavi| 87 | B Radius (m] Unit Cost (k6] Con (k6 Bore Radiue (m] Uni Cost (ke] Ca s (ke)
4 aLs .03 17,13 0,52 G5 33,8% 12700 Law Gradient Typs
1 030 T a,03 G, 14 High Gradisnt Type
1 530 ) 614 BEPIl Avaliabia
E] 530 5,03 %328 Spacini Typs
.—. 650 aoa Fia0a
3 530 1 .08 349,68

14 aso aoa i%s.an
& 00 | a.03 L5G R4 2415, W6
14 G830 82 ETo
1z 530 1 5.0 azaoa
[ 030 0,03 L5604
iz 530 T .03 a13.ca
= s30 aoa 15684
4 Qa0 | a1 L2456
a a0 .03 oae
i 530 T 503 36,14
[ 530 oa Tsc.na
& 0,50 T a,03 214,03
a A Q.03 78,42
3 515 .03 EFET
3 LT ) 3140
i oas ,83 17,43
1 15 T a.03 17,13
2 020 | .03 52,28
1 &30 aoa 3514
F 530 I 5,03 %338
3 30 e 5328
FE Fen) 1 .03 a3n0a
1a a50 ooa 1oean
i o a0 17,13
i &is .03 172
1 30 .01 26,14
1 830 e 3614
3 535 .03 =334
e a50 oo 31403
a 530 .03 io4,56
© o350 ooa 214,03
3 o3 a.0a 53.3m
3 o30 a0a 5228
i G &62 1712
i FAT 03 17
2 030 a,03 £3.28
3 a0 03 s32a
3 o1s a.0a EPiTS
3 G5 ] 1136
3 o1s a0 EFETS
2 015 a.0a 24,36
i o1s aoa 1712
i Ss .03 72
s 4350 0,08 3140
e o5 a0a 214,00
i G300 o,00 26,14
1 a0 e 3614
i 630 .00 36,14
14 930 003 dws,an
12 oo .52 30,04
r. 30 80 156,04
1 a0 @03 26,44
e a0 03 iacna
- 550 a.03 21403
i o= aioa 1711
fi o1s .01 17,13
a @50 a.0a o701
3 650 o3 157,81
& 530 &80 31403
£ G50 o,00 134
F 550 ai0a 7134
1 o30 .01 36,14
i o30 e 3624
2 o3m ETTS o,00 3am| msreai an73| @744 36012.00
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L.E.R. Sextupoles (ANKA Type

Name G (T/m2) N L{m) E(GeV) 418 BoreRadius (m) Unit Cost (k) Cost [kE) K{m-2) E [GeV) Bro a3 det2 5
CRABR 0,0 2 0,175 0,03 privl 444 0,00 4,18 13,03333 i} (1]
SD1_INI2 79 2 03 0,03 82 564 017 4,18 13,93333 7895555556 3947773
SFX0R 327 2 035 0,03 302 60,4 0,82 4,18 13,93333 3264380952 16,3219
SDYOR 49 2 025 0,03 26 52 0.B9 4,18 13,03333 49,60266667 2480133
SF1 56 3 015 0,03 21 21 0,61 4,18 13,03333 5666222222 2833111
SF1 56 26 03 0,03 82 7332 121 4,18 13,03333 5619777778 23,09889
501 63 53 a3 0,03 382 14346 136 4,18 13,93333 63,15444444 3158222
SF_INY 72 1 0,15 0,03 21 21 077 4,18 13,93333 7152444444 3576222
SOVIL 98 2 0275 0,03 71 54,2 193 4,18 | 13,93333 9778666667 48,89333
SF1_INSZ 1m 2 0,15 0,03 n 42 109 4,18 | 1393333 1012488889 50,62444
sPeL 110 2 035 0,03 302 60,4 77 4,18 | 13,93333 110,272381 55,13619
SFXIR 113 z 035 0,03 30,2 60,4 283 4,18 | 13,93333 1126609524 56,33048
SOYIR | 133,0841 2 0275 0,03 71 54,2 2,63 4,18 | 1393333 1332533333 66,62667
SD_IN) | 1393333 1 03 0,03 82 82 3,00 4,18 | 1393333 1393333333 69,66667

100 27824
CABIBBO /) LAB
Laiaraharks hicoks Cabiibo U
“H.E.R. Sext les (ANKA T
.E.R. Sextupoles ype

Mame G(T/m2) N L (m} E(GeV) 67  Bore Radius [m) Unit Cost (k] Cost [k€) K{m-2) | E (GeV] Bro dn2B/dxn2 5
CRABR o0 2 0,175 0,03 222 444 o 6,7 | 22,33333 a 1]
SFXOR 525 2 0,35 0,03 302 604 032 6,7 | 22,33333 5132380952 26,1619
SF_INJ 539 1 0,15 0,03 b3l 21 0,36 6,7 | 22,33333 536 %68
SO_IN) 73,1 1 03 0,03 282 282 0,98 6,7 | 22,33333 7295555556 3647778
5F1 754 % 03 0,03 B2 7332 1,01 6,7 | 22,33333 75,1B88E8E89 | 37,59444
SFIL 754 3 0,15 0,03 21 63 0,51 6,7 | 22,33333 75,93333333 | 37,96667
SOYOR 793 2 0,25 0,03 3 52 0,89 6,7 | 22,33333 7950666667 39,75333
501 859 55 03 0,03 282 1551 118 6,7 | 22,33333 BE,SERZEERD 44294449
SDYIR 156,6 2 0,275 0,03 271 54,2 193 6,7 | 22,33333 1567393939 78,3697
SFX1R 1768 2 0,35 0,03 302 604 2,77 6,7 22,33333 176,752381 | BB 3TE19
SPEL 1808 2 0,35 0,03 302 60,4 2,83 6,7 | 22,33333 180,5809524 | 9029048
sovaL 2133 2 0,275 0,03 271 54,2 2,63 6,7 | 22,33333 2135876788 106,7939

100 27824




APPENDIX C

RINGS MAGNETS COST EVALUATION USING AN ANALYTICAL APPROACH
P.Fabbricatore

Presentation given
At 3" SuperB meeting LNF March 19-23
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Rings Magnets Cost Estimate

P.Fabbricatore
INFN Genova

1) Methodology
2) Used parameters
3) Magnets layouts
4) Costs (preliminary)

1 I 1 § /M- | i I :
CABIBEBO Lags Magnet cost estimate 3nd SuperB Collaboration 7\
U e, i o P.Fabbricators INFN Genova meeting @INEN-LNF sularﬂ
) -

PRELIMINARY CONSIDERATIONS

* To my knowledge no pre-design of the magnets exists =

* The only way for performing a cost analysis consisted in
making by myself some simple design exercises on the basis
of PEPIl magnets and of existing information

* | personally focused my attention to dipoles, quadrupoles
and sextupoles taking as reference the SuperB magnet list
provided by Marica in the file Magnets_V16.xlsx

* The information about PEPIl magnets were extracted from
PEPII TDR and integrated with additional information coming
from Uli Wienands.
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Methodology

1. A cross section has been supposed. In most cases it is a
modified PEPIl magnet

2. A magnetic computation is done (using COMSOL) just for
checking the magnet layout is reasonable. This allows
evaluating the dimensions and the weights on the main
materials

3. A cost evaluation was analytically done taking into
account a certain number of parameters

4. Analysis of the PEPIl magnets potentially usable for
SuperB with or without modifications. The associated cost
is evaluated.

i CABIBBO /\LAB Magnet cost estimate 3nd SuperB Collaboration # "\
mismnusais | \abOMGIONo Mo Caniooo | P.Fabbricatore INFN Genova meeting @INFN-LNF s“'arﬂ
U

Parameters for cost evaluation

Materials subdivided into magnetic steel (lamination 1 mm thick were
considered for all the magnets ), conductor (copper conductor with hole
for cooling), insulations (conductor and ground insulation), stiffening
structures (longitudinal plates and end yoke flanges), other mechanical
components (bolts, rods, ), hydraulic circuit with manifolds, alignment
components, other materials.

Engineering for constructive design . Indeed | am supposing that
the engineering design is done by Cabibbolab at level of engineering
drawings, not yet at executive level. The constructive drawings are
done by the industry as well as the design of the tooling, the material
and components procurement and the definition of the constructive
methods and the list of tests and controls. (Built under specification)

/ f
J

—

!
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Cost of dedicated tooling: winding line, impregnation mold,

blanking devices for the lamination, assembly and heat treatment of

lamination, assembly tools

Cost of generic tooling. tool usable for all magnets such as
autoclave, oven, magnetic measurement fixture. | have assumed the
firm constructing the magnet partially has in hand this tooling and
consequently the associated cost has been considered with a cut of 50%.

These cost has been considered one time for all the magnets (In case of

orders given to different companies this cost would increase)

3nd SuperB Collaboration 7\

m:r? CABIBBO LAB Magnet cost estimate
(P Laberalarie Nical Cablbbe P.Fabbricatore INFN Genova meeti ng @INFN-LNF sunarﬂ
=

Manpower for construction including the following operations:

J blanking of the lamination, assembly of lamination for forming the

II yoke, heat treatment of yoke for gluing the lamination, welding of
I stiffening plates to the yoke, winding of conductor, under vacuum
| impregnation of the coils, assembly of coil into the yoke, magnet

finishing with mechanical, electrical and hydraulic connections,

quality controls and engineering follow up. In regarding the

lamination it is supposed that no fine blanking is required.

Magnetic measurements on finished magnets

/f'
|
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Material costs

Yoke lamination

EBG POWERCORE 1200-100 A

with Stabolit 70

Copper tube
Machined ARMCO plates

Epoxy
Glass

1.7 €/kg

from 15 to 22 £/kg
from 12 to 17 €/kg
7.7 €/kg

11€/m

Manpower costs

From 60 €/h to 90 €/h

/j
INFN CABIBBO

[ph—
prviend

Loborgtorio Nicala Cabibbo

LAB Magnet cost estimate

P.Fabbricatore INFN Genova

meeting @INFN-LNF

The (assumed) magnets

5 Magnet: fign dessily, roem |7
Contou: Mook potenba, 2 companent Y/ ).

025 415 005 005 04F 025 05 04F 055 M .8H-11

‘Surface: Magnetic flux density, norm [T]

Contour: Mgt potmita,  companant W] h

s

s

; - ‘

025 045 005 005 033 025 035 045 Mo no6se

3nd SuperB Collaboration

7%\

Supert
o/

HER dipole; 68 mm gap; 0.257 T; 877A; 1750 kg/m;

194 magnets; 7 types

Manufacturing Engineering 450
Specific tooling 450
Generic tooling 180
Material and components 7039
Manpower and QA 9116

Total cost (k€)/ Unit cost (€/kg) 17235/16.7

HER dipole; 100 mm gap; 0.257 T; 1250A; 2380 kg/m;

194 magnets; 7 types

Manufacturing Engineering 450
Specific tooling 450
Generic tooling 180
Material and components 8983
Manpower and QA 11371
Total cost (k€)/ Unit cost (€/kg) 21434/15.1

L

7N\
Superl
—/

—
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HER dipole; 68 mm gap
e Potential cost saving if taking
Name B(T) N L{m) Material power Manuf.
Sk c s 2 22 i I R the 40 PEPII dipoles 5.4m long
B2BL 0.077 2 4.1 95090 113177 208267
B1DR 0.084 1 3.65 42714 52470 95184 .
B2AR 0.087 2 4.1 95090 113177 208267 Is 5199 k€’ bUt kg
BOSR 0.091 1 28 33589 44689 78279 i
BOAL 0.101 3 4.1 142635 169766 312401 packing and
B1DL 0113 1 3.65 42714 52470 95184 s
B1BL 0.115 2 a1 95090 113177 208267 replacement of Al coil with Cu
BOR 0.138 5 41 237725 282943 520668
B2BR 0147 2 21 95030 113177 208267 coil, QA and test cost shall be
B1BR 0.157 2 4.1 95090 113177 208267
BICL 0176 2 3.65 85428 104939 190368 added.
B1AR 0.240 2 3.65 85428 104939 190368
BHER2 0257 2% 14 445443 764992 1210435
BHER1 0.257 8 1.7 1698892 2700412 4399304
BHER 0.257 40 5.4 2460028 2739520 5199548
BHERS 0.257 16 4.27 789920 930316 1720236
BaL 0278 2 41 95090 113177 208267
B3R 0284 2 41 95030 113177 208267
BaL 0.286 1 41 47545 56589 104134
BSL 0.286 1 3.65 42714 52470 95184
B5R 0.292 1 3.65 42714 52470 95184
B4R 0292 1 41 47545 56589 104134
BHERJ 0.319 2 4.1 95090 113177 208267
0
Total 7039345 9115681 16155026
m;? CABIBBO M\ LAB Magnet cost estimate 3nd SuperB Collaboration
[ Laboraterio Nicale Cobibbo U P.Fabbricatore INFN Genova meeti ng @' NFN-LNF

.

Surface: Magnetic flux density, norm [T]
Contou: Magnetic potential, 7 companent [Wbjm]

Mak: 1.288

-0.06!-
015 01 005 0 005 0.1 0.5 02 025 03 035 M, 11149

Surface: Magnetic fum dersty, norm [T]
Contous : Magnetic polential, 2 conpanent [V m]

Max: 1.922

P2 |

SuperD

LER dipole low field; 64.8 mm gap; 0.182 T ; 237A; I

1420 kg/m; 34 magnets; 3 types

Manufacturing Engineering
Specific tooling

Generic tooling

Material and components
Manpower and QA

Total cost (k€)/ Unit cost (€/kg)

243
350
0
808
1752
3153/ 16.64

LER dipole high field ; 64.8 mm gap; 0.509 T ; 386A;

2470 kg/m; 210 magnets; 3 types

Manufacturing Engineering
Specific tooling

Generic tooling

Material and components
Manpower and QA

Total cost (k€)/ Unit cost (€/kg)

N

405

350

0

3293

7133
11181/ 32.7
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LER dipole low field; 100 mm gap; 0.182 T ; 641 A;
2250 kg/m; 34 magnets; 2 types

Manufacturing Engineering 243
Specific tooling 350
Generic tooling 0
Material and components 1160
Manpower and QA 2111
Total cost (k€)/ Unit cost (€/kg) 3864/13.0

LER dipole high field ; 100 mm gap; 0.76 T; 1970 A;
5300 kg/m; 210 magnets; 3 types

Manufacturing Engineering 405
Specific tooling 350
Generic tooling 0
Material and components 5578
Manpower and QA 8443

Total cost (k€)/ Unit cost (€/kg) 14776/ 20.2

m:'? CABIBBO LAB Magnet cost estimate 3nd SyperB Collaboration *\
- s Loboratorio Nicala Cabiboo P.Fabbricatore INFN Genova meeti ng @|N FN-LNF su'erFf

J
J

Surfce: Magnetic flix densiy, norm 7]
Contrur: Magnetic potental,  companent [Yb/m]

R HER&LER quad; 60 mm bore28 T/m ; 350A; 2372 kg/m;

|

| i 364 + 364 magnets; 3 types |
= HER LER |

[ : Manufacturing Engineering 378 108

:; 5 Specific tooling 290 190

- I Generic tooling 0 0

o Material and components 2477 2583

wor i Manpower and QA 7700 8008

SE 0 om a1 o 02 o 0roon women  TOtal cost (k€)/ Unit cost (€/kg)
10845/32.5 10889/32.5
cni et it e w2 HER quad; 100 mm bore (PEPII type).

- i ° e A limitation was

v2 a E = ° found at 22

- . ° @ T/m.

Current (A)
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m:hm‘ ™ ‘thulﬁ.inm[l] l a2 M:o'nnflw HER&LER smupo'es H 60 mm bore; 170 T/m‘
L pokential, 7 comparont [Wh m| 3
035 (e ; 230 A; 1133 kg/m; 200 magnets; 3 types
oM
0 i Foatss
[} - . -
., o=  Manufacturing Engineering 378
ez Speuf!c tooh. ng 320
ot | @2 @Generic tooling 0
o Material and components 679
ot * Lion  Manpower and OA 3693
o028 3
. —uw  Total cost (k€)/ Unit cost (€/kg) 5070/75
013 01 405 o 005 ol 015mpy. 2.9% 11 :nﬂ "‘)II::H
Magnet cost estimat 3nd SuperB Collaboration #*™\
INFN cABIBBO LAB agr:le cost estimate uper ollaporation
(P s Laborateric Nicols Cabibbo P.Fabbricatore INFN Genova mEeting @IN FN-LNF sunarﬂ

Summarising Table (at present time)

Magnet type Gap/bore (mm) Cost (k€) PEPII saving
HER dipole

(C-shaped) 68 17235 5199
HER quadrupoles R30 10845 0
LER dipole low

field (C-shaped) 64.8 3153 0
LER dipole high

field (H-shaped) 64.8 11181 4204
LER Quadrupoles R30 10889 0
HER & LER R50 5070 -
Sextupoles

Octupoles/Correc 2

ctors

Spin rotators 3550

Final doublets 3800

Girders -

Total 65723

—
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