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%lk outline

SuperB: a short introduction
The collider & its final focus

Final focus requirements & Constraints
Specifications
Why unconventional solutions are required?
Possible solutions

Future activities
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Eu perB .

Strong Physics case for building a new asymmetric e*e-
collider @ the Y(4S) peak aiming to reach 103 cm2/s.

(1 pb/s)

SuperB is one the flag ship programs of the Italian
Ministry of the University & Research.

SuperB is in the top priority list of the National Research
Plan 2010-2013.

Unfortunately the Sovereign debt crisis slowed down
the funding and approval process of SuperB.
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ine Parameters

Units

Hz

Hz
Rad
GeV

cm
cm

nm
pm
cm

A

micron
micron

%
%
Hz/cm~"2

HER LER
Annecy March 2010
1258.4
2.38E+05
978
2.33E+08
0.066
6.7 4.18
1.60
2.6 3.2
0.0252 0.0206
0.0025 0.0025
2 2.4
0.005 0.006
0.5 0.5
1.892 2.410
5.08E+10 6.46E+10
7.21 8.76
0.035 0.035
22.89 18.83
0.21 0.33
9.78 9.78
1.02E+36




1?!’16 final focus section
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SuperB Interaction Region
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Eacliative Bhabha backgroun
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QD0 magnetic axis must bg:éﬁ%laced near the incoming beam lines to
keep Syncrhotron radiation fans away from the detector.

The QDO becomes a spectrometer for the off-energy particles
produced by Radiative Bhabha interactions.

The resulting e.m. showers are a big problem for the detectors.
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Sgnchrotron radiation 1

Mike Sullivan (SLAC) SR power (WattS)
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The cold bore option is not viable since the energy deposited by synchrotron
radiation from the upstream dipoles is order of hundreds of Watts.
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1l\_/\ain points

Mechanical / Magnetic requirements
Gradients: ~120 T/m & 52.2 T/m
Field quality order of the 10> @ 10 mm
Radius of the mechanical aperture: ~ 23 mm
Available space for the SC windings: ~4 mm

Operating temperature 1.9 K



QDO: Concel:)tual cross section
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B> Only 8 mm for mechanical support and SC windings

B> Field quality requested by Pantaleo: 10° @ 10 mm
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MOPASO55 Proceedings of PACO7, Albuquerque, New Mexico, USA

]

COMBINED FUNCTION MAGNETS USING DOUBLE-HELIX COILS *
C. Goodzeit, R. Meinke, M. Ball, Advanced Magnet Lab, Inc., Melbourne, FL 32901, U.S.A.

The double helix winding concept can be readily
extended to produce pure higher order multipole magnets,
and as we shall show, combinations of superimposed
multipole fields. This can be seen from the general
expression for the conductor path of a double-helix coil
given by:

z(6) :%+A0[sin0+ign sin (n6+ ¢, )j (1)

where the geometric variables are described in Figure 1.

Figure 1. (Left) Layout of double helix winding. The axial

field components of the 2 layers cancel each other and the
total transverse field is enhanced. (Right) For the case of
a dipole, the z coordinate of the conductor path 1s given

In simple words: given whatever a By field you need it is
possible to design a coil to produce it.
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Cross talk Problem, algebraic solution
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2D complex notation:

The algebraic relation:
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Functional equation to solve:
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1?%@ Held conﬁguration .

BY(X) generated by:
the right coil, the left coil,their sum

I
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T%incl the winclings shape
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3D simulations: Tosca

]

P> A 3D model is generated with Mathematica following the previous recipe

B> The 3D model is simulated with Tosca

P> Field quality and maximum field on conductors predicted

Monday, June 14, 2010

- ———

......

Point over
IS Predictecl fo
qualitg studies

-----

Simona Bettoni

oooo
-
ane®

Vector Fields ﬁ




F‘leld qualltg OPtlmlzathﬂ -

%lm na Bettoni

B> We scan over a (the longitudinal scale of the modulation) and h (the ste

keeping the gradient constant.

B> From the field predicted by Tosca we evaluate the higher multipolar terms
normalized to the quadrupole at tre reference radius

By(x xc, e Z bk X = xC
o b (x — xc)k
SEERTI e
1 : x=Ref. radius
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Optumlzatlon results .
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Simona Bettoni

SCAN #4 SCAN #7
NORMALIZED MULTIPOLES
@X=+5MM CENTER | EXTREMITY| CENTER |EXTREMITY

B> ( SEXTUPOLE ) -7.74 10° -6.28 105 -2.72 10° -1.36 10°

Bz ( OCTUPOLE ) -1.09 10® -9.25 10°¢ -1.33 10° -1.52 10°
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B> The gradient needed for the LER in the latest design is smaller than the one
needed for the HER. The gradients ratio is order of the energies ratio ~ 7/4
( still to be optimized )

0.2 : : —| e HER quad
e LER quad o 8x1o'6
0.15}
° ——_LER quad
0.1 ° 6 ——HER quad
S °®
[ ]
Q@
0.05| °
b °
— [ ]
':,> 0 e e
m °
-0.05} ° °
[ )
Q@
[ ]
01fL e )
Q@
-0.15}
o "5 0 5
02 \ . . . ; ; . X=X (m) x10°
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02 . .
X (M) Simona Bettoni
High gradient coil
B, 2.92E-05 3.00E-05 1.02E-05 1.22E-05
B 4.68E-05 4.71E-04 -1.10E-05 -7.43E-06
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The high required gradients are not feasible with present SC
wires in the small space available for the windings

Simona’s idea:

An external quadrupole can

produce a big part of the field.
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Conﬁguration aclvantages

HER LER
Gradient (T/cm) -1.191338 -0.5223842
Magnetic axis position (mm) 22.0 -20.0
Aperture (mm) 23.5
Mechanical axis position (mm) 27.5

2D: J.(A /mm)

4F

2068.36
~240 0K
~2810.89

~ 1474 98 2F

Left Only

o
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~6337.12
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%e present status

Sim. 2D

P —
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= 55 >
Round NbTi wire
Extern field optimized to reduce the current $=1.3 mm
density in the inner quadrupoles
Gexr = 0.622 T/cm 0.7mm for the mechanical support
External quad x-axis = 6 mm Joverall = 1520 A/mm?
vera
Internal/external contribution to the gradient 3D Tosca max|B| =55T
not optimized yet
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simulation

Cold mass space = 4 mm+4 mm

Used space (supports) = 2.6 mm

+2.6 mm

q)wire (Bare) — 1.3 mm

20000.0
2 aed . ONLY INTERNAL QUADS ON § COMPLETE CONFIGURATION
S S 25000.0
O O
150000 - 20000.0
10000.0 { 15000.0
r
j 10000.0 /
| 5000.04 ’ |
0.0 | . '
| .
-5000.0 ' . -5000.0 ll
i p
| ' ~10000.0 - 9 ,
-10000.0 .i : : | /
| v 180000~ ol /7
~15000.0 1 g |
| yome 82 38 88 i o8
X cooed -5.0 a0 40 10 10 50 Z coord 20,0 20.0 20.0 20.0 20.0
Yeood 00 90 90 00 9 : : i 2 ana Py
Corponart: BY Iogra = 49054 $420238474 : ®  Field quality around 10-4
(Scan not performed yet)
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Margm to quench o

1 9 K — Jc(42K)
. — Je(1.9K)
¢ Working point
Load line

Margin to quench @ 4.2 K still "
too small for commercially

available Nb'Ti SC. ”
1.9K seems viable. 4.2K

i |
EAS :
S
w0’ _
, . _ i Margine al
Special strands for high energy physics applications
quench
20% @ 1.9 K
240°
ATLAS strand F306 @ 1.30 mm Atlas
Cu:NbTi=1.15
Ic=1700 A@5T;4.2K 4

Typical NbTi properties and Cu/SC ratio = 1 assumed.
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Conclusions -

A promising solution to satisfy the challenging
requirements of the quadrupoles of the final doublets
of SuperB had been presented

The cross talk compensation scheme is able (from 3D

simulations) to meet the field quality requirements

The configuration with an external conventional
magnet + a twin compensated pair significantly
increases the margin to quench
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Margin to quench NbT .

Q
’é\.\)(e\ s T
el

J<Tem Dbt x (1) x (1 £7)7 ~

NbTi Parameters A
(b =Dy K
Be2 Beao (T) 14.5 E
T Tco (K) 9.2 <
St == E
Tea0 Co (kA T/mm2)  23.8 £
17 ¢ 0.57 E
B = Bop < (L o)) 0.9 £
@)

v 1.9

*L. Bottura, A practical fit for the critical surface of NbTi, IEEE Transactions on Applied Superconductivity, Vol. 10, no. 1, March 2000.
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