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LHC at CERN.-

LHC and Experimental Insertions

Circumference: 27 km
Injection Energy: 450 GeV (p)
Collision Energy: 7+7 TeV
Peak Luminosity: 10%*cm?/sec
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L ayout of Experimental Insertions

LHC V6.4 Bea
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Magnet issues:

- Aperture

- Field quality

- Alignment

- Beam heat |load
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TheLow-Betalnsertion
Key Elementsto Achieve High Luminosity....

e Quadrupoles: Low-Beta Triplet
Ql& Q3 (MQXA): KEK
Q2a & Q2b (MQXB): FNAL
Correctors:. CERN

e Cryostat Assembly
All done by FNAL

» Feed boxesfor theinner triplet

>

G=215T/m, Aperture=70mm—-» ~9T
L=550r 6.3/m

Higher Order Multipoles < 1 unit (104
Beam Heating: 5~ 10 W/m

a3
a4
b4

MCBXH/V
b3
b6

MCBXH/V

MCBXH/V

DFBX: LBNL
03 TASB ‘
DFBX HH MOXA Dm/ MOXB H MOXB H MOXA
6.37 ‘2-985 5.5 ;l*l-o 5.5 2_715{i< 6.37
MCSOX| | mcexa MQSX MCBX MCBX




CERN-US-KEK Collaboration
for the Low-Beta | nsertions

FNAL
MQXB: 16 + spare
Cryostats (assembly

LBL

Quad. cold massm‘

Cryostats DEBX: 8
KEK TAS& TAN: 4
MQOQXA: 1
Q 6 + spare BNL>

Correctors

Separatlon Dipoles: 20

CERN

Correctors
Installation in the LHC tunnel
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Design Features

 Four Layer Coils
— Two 2-layer coils
— with current grading
* Inner & outer SC cables
* Higher J at outer coil
e Spacer-Collars
— High-Mn stedl
 Low & stable permeability
 Flux Return Yoke

— Horizontally split

— Keyed structure
e Pre-stress& mechanical support
o Simple & cost-effective assembly

Current Leatds

LHC-MQXA

Supercanducing Coll

Iron Yoke

High-Mn Steel Gollar ™ Quter Cylinder far LHe Vessel



Design Parameters:
Final version

Field gradient 215 T/m
Coail inner radius 35m
Yoke outer radius 235 mm L 5 |
She” outer radius 245 mm 10 . outer? cable Ic@19K,@ ____________________ e -
Magnetic length 6.37 m ;
Peak field in cail 8.63T
Current 7149 A
Superc. load-lineratio 80 %
; (I/1c= 0.91, 0.88).
I nductance 87.9 mH _ 7 E215T/m _
Stored ener qy 224 MJ 6 Lo : , .................... ?|/|C= 0-851,0-78)..5 .................... i
M agnetic for ce per pole (octant) e '
Fx 1.19 MN/m - :
Fy -1.37 MN/m . T Ty T

G= 240 T/m

Magnetic field (T)

Current (kA)



Cable Inner Outer
Width (mm) 11.00+0.01 11.004+0.01
Thickness:

Inside edge (mm) 1.264 1.210

Middle (mm) 1.487 4+ 0.006 1.34040.006

Outside edge (mm) 1.697 1.469
Keystone angle (deg.) 2.324+0.05 1.348+0.05
Cable pitch (mm) 90410 90+ 10
Number of strands 27 30
Critical current:

at 9T, 1.9K (A) =>13250 = 9000

at 10T, 19K (A) = 10000 = 6500

at 11T, 1.9K (A) = 6000 = 4000

Strand

For inner cable

For outer cal

Diameter (mim)

Cu:SC ratio

Filament diameter (pm)
RRR of copper
Twist pitch (mm)

0.8154+0.005
1.240.1
<10

=110

15+2

0.73540.005
1.9+0.1
<10

=110

1542

Inner Insulation: UpilexRN (t: 25 pm, w: 15 mm ) w/ 50 % over lap.
Outer Insulation: UpilexRN (t: 50 pm, w: 6 mm ) w/ 2 mm gap.
10 um thick B-stage epoxy resin on outer insulation.

3500

3000

2500

2000

1500

Critical current density

1000

500

® MQXA inner at 1.9K
MQXA outer at 1.9K

[ | [ [ |
at 4.2K ® Cable 2 at 1. 9K
\\
\‘5
0 4 6 8 10 12

Mangetic field (T)

M anufacturer: FURUKAWA

14




M echanical Des gn Coil position deter mined

- Quter Cylinder for LHe Vessel

by both collar and yoke.
Il

Control of dimensions

Pre-assembly with spacer-collars at low
prestress. mp < 10MPa

Collaring yoketo provide full pre-
Stress. m) >50MPa

— Fine-blanked 6 mm thick low-carbon sted
by JFE Steel (formerly Kawasaki Steel.)

— FEM analysisto design keys, slots, median
plane shape and stepped cutout.

Redundant radial support by stainless
steel shell fitting tightly around yoke.

End platestorestrict longitudinal
elongation of coil by L orentz force.




R& D Work

B b6
# | Electromagnetic | Notes b6 b10 B b10
Design
— Optimization
1-mModel |1 | Original Reach -0.79 | -0.93 | KEK N
250 T/m | (0.32) | (-0.98) Ime#1 |
2 | Repeat -1.62 | -0.90 | KEK - ]
3 | Re-optimize b10 -0.72 | 0.03 | KEK - -
Re_ _ (0.15) (0.00) (TOShiba) Tm-#3[ b10> q |
optimized | corrected 7]
4 | Reproducibility -0.77 { 0.00 | KEK Gms4 |
5 | Reproducibility -0.81 | 0.01 | Toshiba —_ 7 7
Full-scale | 1 056 0.01 | Toshiba : ?
PrOtO Prototype . :
- b6 B
2 RepeaI Toshiba Productionz \(,:V?trﬁescﬁienﬂ At 1
Production | 1- | Shim correction | b6 0.13 | 0.00 | Toshiba— YT Ay
Re-tuned N
Achievement

1-m model reached: 250 T/m
Full-scale prototypes: Multipletuned << 104




1-m Model R& D: Fabrication in-house

Prestress Change During Magnet Assembly
LHCIRQ-KEKO2

80 ——
70 ] -
3 Yoking R
v After Yoking After ]
L /T Cylindering -
60 B
A N 4 i
o 50 C ]
o B
s | + 1 Pre-stress
n
g 40 7] .
-] [ ] .
: / i Coallaring: ~5MPa
a / 4 b
30 /o ] H .
/ Yoking: ~50 MPa
3 /7 ]
20 - After Y \‘ —— Q1-X Inner ]
[ Collaring , , —4— Q1-x Outer i
VR ¢ —H&— Q2-y Inner g
10 I / —=— Q2-y Outer N
3 v/ — 4 - Stress Q1-x Outer (MPa) 1
¢ b — ¥ - Stress Q2-y Outer (MPa)
oY S S S S S|
16000 18000 20000 22000 24000 26000 28000

Time(min)



1-m I\/Iodel R& D: Tralnlng Quench

2 T T T T T T T T T T T
i Temp 1 88 K

Ramp Rate: 10 A/s

Energy Extraction: ~50 %

250 |

JAVAYA @

: o o
240 —
: A%o%%a“r‘%%.

- O @
230 [ 220" Ce®

220 [+%e

Field Gradient (T/m)
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Model #1
Model #1a
Model #1b
Model #2
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Models #4 & #5
- Therrr}al cycle
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e Reach to 250 T/m for 1st model.

» Exceeding 230 T/m for all models.
 Coil design change for 3rd model and later.
e Training memory after the thermal cycle.



1-m Model R&D: AC Loss Quench

Simulating radiation heat deposition in the coil.

C T T T ‘ [T \\‘ T T 1 ‘ T 1T 1 ‘ T T 1 ‘ T 1T T ‘ T T T 10
40— A Model #02 : No Quench -
B \ * Model #03 : No Quench -
35 \ —@®— Model #03 : Quench 7
- — — - Short-Stack Model Meas. —8
30 \ 7200 A------- |z
- !
$,e \ 60
:25; %400 A < > °8
0 - o—_\ More than 5 min. | .
@] = \ ~+
120 . \§A\° 1<
2 — AN\ 4=
< - A 4 A A . 4§
15 % Beam Loss Peak | 3
- " (3 kW/m>) -
| m 1
10: \ P
: A A N |
S N .
B N |
I R B ‘ I I | ‘ I ) ‘ [ I | ‘ I ) ‘ I I | ‘ INL || O
1.85 190 195 200 205 210 215 2.20

Bath Temperature (K)
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Courtesy of TOSHIBA
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Collaring Preparation

Courtesy of TOSHIBA



Courtesy of TOSHIBA
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Cylindering
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Courtesy of TOSHIBA



Assembly Complete
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Courtesy of TOSHIBA



M QXA Production and Tests

—=—Production
—e— Tested at KEK

Number of magnets

Production has been completed by summer, 2004.



C0|I Slze @ 50 M Pa

. Size [1m]
2 o

2

-150

-ﬂﬁ Measured at 6 points along each coil.

A ._-..”_ _Ji O Inner Coil: 10 =22 um
“ 0 ———

25
20
- 15
10
5
O‘ .
-120 -80 -40 0 40 80

30

- 25
Tm .\\/r*" 0
15

10
5

—#- Inner Coll 0 i
—o— Outer Coil )

,, Outer C0|I 10 12 um
a) Coil Size

1 2 3 4 5 6 7 8 49 10 11 12 13 14 15 16 17 14 18 20

Size (L m)

Relative coll size controlled in alevel of 20 pum



Y oke Diameter

Yoked Coil Outer Dimension 0]
@
MQXA01~18
- ®
470.3 i

470.1 :

469.9 &

Diameter [mm]

469.7 :

4695 L

Vertical Diameter:  469.93 mm (1o = 0.03 mm)
Horizontal diameter: 468.83 mm (1o = 0.03 mm)

D, - Dy = 0.1 mm
(Ry - Rx = 50 um)
1L

Vertical oval deformation of yoke
causesfield distortion in b4.




Summary of Production Stability

Target of mechanical toleranceis 50 pm to
achieve good field quality.

Design Av-meas lo Ratio
Coil Sizefm Ref. -37 / -49 um 22/ 12 pm 5x 104
(in/out)
Coil Rig. 6.0/ 7.2GPa 0.15/0.24 GPa
(in/out)
Coil L. 6510 6509.7 / 6512.2 mm | 0.7/ 0.9 mm 1x104
Yoke Size 469.83 / 468.84 0.03/0.03 6 x 10
(V/H) A(V-H)=0.1mm | 0.03 mm
YokelL. 6510 6511.8 mm 1.9 mm 3x 104
Y oke Weight 6331 kg 6 kg 3x 104
Y oke Pack. F. 99.25 % 0.07 % 7 x 104
H. Alignment 0.2 mm 0.08 mm
V. Alignment 0.46 mm 0.17 mm
Twist 0.54 mrad 0.25 mrad
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Performance Test at KEK

MQXA from TOSHIBA

Ll KEK
Room Temperature: 1.9K:
-ﬁ_'élggge;‘é_ t - e Training quench — 230 T/m
- Fi radient,
Error field * Full energy dump @215 T/m

e Fast Ramp test @150 A/s

e Field M easur ement

— Alignment check - To reqch 220 T W_/o guench
— Field Gradient, e Electrical Insulation T est
— Error Field 1.5kV @ 4.2K He-gas

Room Temperature:

1l

Shipping Preparation @ TOSHIBA
— Pressure Test
— Electrical Test



Warm M easurement Setup




Cold Test Station: Vertical Cryostat

Bore Inner Tube
Insulation in Vacuum
Bore Outer Tube

] Hel42k

1 _—— MA-Plate
1m Model Magnet

Heat Exchanger

Void Capacity

Rotating Coil

Pressurized
He Il 1.9K

—— Insulation in Vacuum




Traning Characterlstlcs I\/IQXA -03

8500 - -
1st Test Cycle 2nd Test Cycle
8000 - } } -
. ° 2%0 TD/ m
© o $ 8 e o 0 y
|
7500 | Y ° §
(o)
s O O ‘ ¢ ® O ~ X
£ F ~ 215 T/m
"t’ 7000 + o © N
S i X MQXA-P1
O
= e O MQXA-01
g 6500 0 MQXA-02 | ]
2 x : P1 Inner - Reach 220 T/m w/o quench
P1 Outer !
® F2 inner  Full-energy dump w/ QPH at 215 T/m
6000 - € P2 Outer | : -
@® P3 Inner | ]
I ) € P3 Outer
| Quench History of MQXA-03 ¢ 5,4 |nner
5500 - Feb. 2002 - ® P4 Outer ]
10A/sec, 1.9 K
0N No Quench
5000 i 1 1 1 1 | 1 1 1 1 | 1 1 1 : 1 | 1 1 1 1 : |
0] 5 10 15 20

Run Number

3 quenchestoreach 215 T/m

9 quenchestoreach 230 T/m
Good training memory after thermal cycle



Summary of Quench Characteristi

Bore modvcami on

NG
[ ]
®

8000

Quench Current (A)

5000C

14
12
10

4.0

Number of Quench Training

0.0

CS

230 T/m

é

— ¢ FF

s o

_ﬁg__‘m.
‘ol
I

&

€

e
@
°
®

"éa

Ses.

7000F

6000}

215 T/m

- MQXA
o

o |
I
Thermal
cycle

Thermal
cycle

2b

| @
[
[ ]
[ ]

8| 10

11
1st T.C.

&"
9_; ":
®

12

13

o
O
c
8
g

11| 15

Pnd

16

17

18

19 ]

80 |
60 |

20 |

Quench Sequence

Straight-Section
H LeadgEnd
O Return-End

#1

#2

#3

ﬁ :
H:

Mﬁ Q

Magnet Number

#14

w114

n ©
G
= OH

#17

#18

#19



Fast Ramp Quench

BOOD p—r——e— e e e e
7500 *
I v
L +
£ [ 215T/m :
= 7000 | .
D L
=
-
&
= I O i
£ o
S 0T o uaxaos A MOXATO )
o O MQxa02 ¥ MOXATZ
< MQXAD3 @ MOXA13
i 3 MOXAOS B MOXAT4
i +  MOXAO4 H Mgxall
o A MOXAOT —  MQXA15
& MOXADE B MOXA16 O
B MOXAD9 W MOXATT7
| 4 MOXAOSB Fl MOXA1S
EEDD ||||||||| | Y VIR A MR R vl R Yol S | i i i i
0 50 100 150 200 250

Ramp Rate (A/s)

All magnets exceeded 215 T/m @ 150 A/s before quench.



MFEM: Field Gradient & Mag. Length

19 units of MQXA

Field Gradient (T/m) Magnetic Length (m)
Current
(A) Average Standard Average Standard
9 Deviation 9 Deviation
392.3 12.445 0.0096 6.3632 0.0048
2011.3 63.475 0.0200 6.3642 0.0010
3207.9 101.01 0.0341 6.3642 0.0009
6134.4 186.53 0.0581 6.3670 0.0009
6677.3 201.73 0.0587 6.3675 0.0010
7227.9 217.07 0.0651 6.3679 0.0012




MFEM: Higher Order Multipoles @216T/m

X+ T'\] An B
units : 10000 x Quadrupole (Bz)

B, +iB, =10"*B, 3(b, + ia, ][
n=1 e_f

0
2

Miul ti pol e-coefficients
an, units

a3 a4 as a6 ar’ a8 a9 alo

Nor mal

Mil tipol e coefficients
bn, units
o

b3 b4 b5 b6 b7 b8 b9 b10

But, largeb4...



MFM: Multipoleof b,

Mil tipol e coefficients

Keyed yokestructure mmp Vertical oval deformation
Model calculation predictsthat AR of 0.5 mm

would induce 0.5 units of b4.

2 B ! ! -
b3 b4 X b5 b6
M easur ement
Ave.. 1.314 units - Within reference limit (1.581 units).
lo: 0.108 units =» ~ 10 pum Good reproducibility.

Y oke deformation could explain 0.5 unitsin b4.

But, still another sour ce of 0.8 unit has not been traced.



MFM: Cold & Warm Correlation

(units)

b at 1.9K

n

—

=
tn

o
(%1}

i
[y
i

T © b4 (139K
[ a b5(1.9K)

I S BB (1.9K) o &Oo

=]

b, at 300 K before cooldown (units)

1.5 —m——

05

0.5

| o

ad (1.9K)

i A& a5 {1.9K)
I s B6 (1.9K)
o
L | I T R T | I MR | PR | L 1
-0.5 0 0.5 1 1.5

6. ~ 0.3 units,
e Generally good correlation.

e Shift between cold and warm

b4: ~ 0.2 units

a_at 300 K before cooldown (units)



Summary of Field M easurement

Good reproducibility of field gradient and magnetic length.
Multipole components are controlled at 104 or smaller.
Thereproducibility isvery good asitslevel of 10>.

M easured results

— areconsistent with the mechanical tolerance of 50 pm.
*exception of b4: twice larger than prediction
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Quench Current (A)

Problem |: Turn Short by | nadequate End Spacer

Turn short at 1st turn of 2nd
layer: Proto #2

Quench History of Proto#l

8500
1st Test Cycle 2nd Test Cycle 3rd Test qlcle
: r
8000 \x:: i i,
X H -
A o H
A o :
7500 - x N Ao \\ :
« :
o ° ML
o Y [
7000 o Model #3 o \E :
X Models #4&#5 H
——215T/m '
® ——230T/m \“‘x '
6500 ——— 240T/m R
=2} A P12l [ ] Heater
€ P1 Outer o i
@ P21 Tests |
? P2 Ramp Box '
6000 - P2 2L ' =
@ P2 Outer H Turn & Ia.yer
$py i
® Bouer : short of Proto #1
5500 - @ Paill : ]
A pPazL H
@ P4 Outer !
Bl No Quench ! 77
5000 1 1 1 l 1 1 "] ]
(0] 5 10 15 20 25 30
Run Number




Problem |: Turn Short by | nadequate End Spacer

Turn short at 1st turn of 2nd

Quench History of Proto#l

8500

| M 9
T &
1thtCyI 2dT est Cycle 3rdet(N| ¥ s
: o PN
8000 N : —
E ; L S =
K‘K : o "
A o g -
:
7500 - X Ao O ]
~ 40 .
g ° NN IR
- Y
c o h
§ 7000 odel #3 R
5 Models #4&#5 o, !
o ——215T/m W
5 ® ——230T/m a0
§ 6500 oT/m SO
3 =2} A P12l [ ] Heater |
© € Pl Outer o H
@ P21 Tests |
H Ramp H
6000 - A P22L
9 P2 Outer
@ P31l
: P3 2L
P3 Outer
5500 - @ P41
A P42l
9 P4 Outer
Bl No Quench
5000 ' ' ' o ' '
(0] 5 10 15 20 25 30
Run Number

End spacer for

1st turn, 1st layer

Damage to 2nd layer and adjacent turn

&
Pop-up of cable

T Turn & layer
1 short of Proto #1

layer: Proto #2

Same problem ?7?

: Design Change of End Spacer

8

Shorter perimeter at inner edge

Equidistant perimeters

8

No problem in
production magnets




Collar Lamination:
Gap for He Gas

Problem Ground Insulation Peel-off

Cold Tube

| Damaged [EEEE. . N ; Insulation flap préventing
| Ground =S He gas evacuation after
| nsulation -: quench. l

bl . ST
Inside of MQXAoz after cold test Peel-off or fold in opposite direction




Problem |1 : Ground | nsulation Peel-off

| Collar Lamination:

1}?; 'L';'--.,_ G
; Gap for He Gas

Damaged &
| Ground
| Insulation *
117 g

* No further problem after
modification.

* New insulation scheme fulfill the
electrical insulation specification.

 All magnets passed the electrical
insulation tests.

Cranm
01 OLYMPUS

2002/11/86 1206




Problem I11: Increase of Quenches

Number of quenchesincreased, and their locations
seemed to shift from endsto the straight section.

Straight-Section _
H LeacEEnd
[0 Return-End 1

Number of Quench Training

||
Cold tube (anti-vessel) S —
& T
Warm Tube
gl 1l (IE
. 1 I3
Bore tube bent by magnetic force? | @ |l Harmonic

Coil (RT)



Har monic-colil Displacement Deter mined by

Field M easur ement Direct heat conduction from warm
I ‘ tubetothecoil —=> Quench!!
Gap b/w warm bore and cail
B || o ! 4000 '<"'I""I""I""I""I""I"r""
4.2 K i MQXA-10
r @ 7.2kA
! 3000:— —
c _ before ]
E 2000_— .
s i
MQXA Q O 1000} ]
1.9 K v | o "5,5‘ 4 > _
i © 19 £ ofDisplacement & |
| * < [ ]
X 1000 [ .
< L |
D I ]
%} —2000_— 5
N—T 2y 47 = i ]
=Ry 00T ]
| L
— 1 - 4000 N T T T T
0O 1 2 3 4 5 6 T 8

Coaxial tubefor warm and cold bore (SUS316L )

Decentering for ce:~100N/m, Off-center distance (mm)
@ 3 mm deviation at G =215 T/m



Har monic-coll Displacement Deter mined by
Field M easur ement

_

4.2 K|

MOXA

-

Direct heat conduction from warm
tubetothecoil —=> Quench!!

Action!!
Fixing Bracket

1.9 K

nN—FZ i
31k

/.

N\ P/

L

for Cold Tube

Spacer b/w
 Warm &

Cold Tube

Fixing Bracket

=

for Cold Tube

Coaxial tubefor warm and cold bore (SUS316L )

Decentering for ce:~100N/m,
@ 3 mm deviation at G =215 T/m

Magnet Axial Position (mm)

Gap b/w warm bore and cail

:000 o

3000

N
o
o
o o

1 1
N =
o o
o o
o o

- 3000

- 4000 Lo

< >

RARRN ALY RAREN ARSI LR
MQXA-10
@ 7.2kA

before

after

MQXA-14
@ 7.2kA

IIIII L1l
0 1 2 3 4 5 6 1 8

Off-center distance (mm)



Improved Quench Characterlstlcs

+H*
n ul

W e concluded that

—Because of magnetic per meability of bore tube made of
stainless steel 316L, (~1.003 @ 300K, ~1.01 @ 1.9K),

—Boretube bent dueto electromagnetic forein strong
magnetic field gradient.

—|t caused training quench increased.

LL

Training characteristics wer e significantly
Improved after boretube modification.

=
N

——- Hﬁ‘eadgEc?e“

il LD Reumea |

=
o

©
o

N oA
o ©O

Number of Quench Training
»
o

=
o

Bore Tube Modification
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Summary of MQXA

The production of 20 M QXA quadrupolesfor the LHC low-
beta insertions has been completed in 2004.

19 magnets have been cold-tested. All reached 230 T/m after
training and showed no re-training up to 220 T/m after full
energy dump at 215 T/m.

Field quality fulfilled the requirementsfor beam optics, and
it’suniformity isstablein alevel of 10>

Thetolerance on coil position of 50 um was attained, and

field measurementsindicated unifor mity of dimensions
throughout production in alevel of ~20 um (1 o).
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MQXB L ow-Beta Quadrupole (FNAL)
s

70 mm I D Coil 2-m Modd: 9
R ; G=215T/mat 19K | Full-scaleProto: 1
= '§;§ | = 11950 A Production: 18
A E = 248 kJ/m
0K L ag = 5.5 M

wo—layer, graded coll,
e Free standing collars, fully supporting the for ces,
« Keyed iron-yoke. (45° rotated)
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Assembly Facility in FNAL

» LQXBDS Cryostat Prep MQXB2. collaring
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L ow-Beta Correctors. CERN

MCBXYV (Inner Dipole) Training @ 4.3K

MQSX, MCSOX,
MCSX and MCTX

Quench Current (A)
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Assembly of Q2:




L ow-Beta Quadrupole Cryostat

2 MQXB welded end-to-end External Hea_lt Exchanger for
with central Seeve; MCBX inside | | P1/5 dynamic heat load
; i _j . ‘“. '

“Spider” support for
alignment rigidity



Q2ontest in FNAL




Test Resultsof MQXB
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 Most magnets showed
excellent quench performance.

e But, 2 magnetstrained to a
plateau around 200 T/m.

s 2

Two magnets werereassembled
for repair and reached 230 T/m.
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e Multipole components are
controlled at 10 or smaller.

» Generally good within
refer ence values.
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First Test of MQXA
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Matching Quadrupoles: MQM

Connecting the beam optics of the arc section
to thefinal focus system.

56 mm ID coil

86 units + spare
G=200T/mat 1.9K
| =5390 A _
E = 64.3 kd/m/aperture |}

L ag = 2-4/3.4/4.8 m
Manufactured by Tesla

e Two-layer, non-graded coll,
* Free standing collars, fully

supporting the forces, IR T (e N zlpas,

[ — HH—H—HH—t—H 0 - S
ul I 0 A L

e TWO-In-oneiron yoke. <+ Arc P>




Matching Quadrupoles: MQY
w/ Wide Aperture

70 mm ID caolil

24 units + spare
G=160T/mat 45K

| =3610 A

E =141 kJ/m/aperture

L ag = 34

Manufactured by ACCEL
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Test Resultsof MOM & MQY
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. Both magnets reached the ultimate current

after afew training quenches.

Multipole Components: MQM & itscold mass

units

* Multipole componentsare
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controlled at 104 or smaller.

» Matching a set of MQMs

effectively reduced the
multipole components.

» Generally good within
refer ence values.




Separ ation Dipoles.

« RHIC main dipole coil,
e Single or twin aperture,

e Free standing collars,

e Horizontal-split iron yoke.
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DFBX Production
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IR Absorber: TAS& TAN

Crucial element to protect the insertion magnets
from secondary particlesfrom | P.

Single aperture TAS
absor bers.
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Current Statusof LHC Insertions

* Production of theinsertion elementswas completed.

o S0 far, magnetsand relevant apparatuses have been set in 6
out of 8 experimental insertions, and preparation work for the
har dwar e commissioning is underway.

e |Inremaining 2 experimental insertions, magnets will be set by
the end of May 2007.

o Superfluid helium heat exchangersfor theinner triplet with
defectsare all being replaced to new oneswith improvements.
Replacement work will be finished soon.

e First cooldown of Sector 7-8in the LHC tunnel isin progress.
(3.6 K at March 21) First excitation test will be carried out
next week(?). See http://Ihc.web.cern.ch/lhc/
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