Information on technique chosen to enlarge the
bore of the QC3 style quads.
14t /15% March 2007

Cherrill Spencer, SLAC
Member of ATF2 Magnet Team
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“Dog-eared” shape
of coil ends starts
at 56mm, but have
also G10 coil
support, uses
~25.4mm of the
56mm space. This
IS not enough for
the S band BPM,
so adapter needs
to be designed.

The 35mm
aperture is not
compatible with S
band BPM or
shape of beam in
QF1 and QDO.




P8y ATF2  Compare predictions of multipole content with

My~ Magnets  tglerances from James Jones & S. Kuroda

Magnet | Tolerance Tolerance POISSON | Tolerance |POISSON
Name |6 pole/quad |12 pole/quad | Prediction | 20pole/quad | Prediction

At r=1cm 12pole/quad 20pole/quad

QF1 |95x10° |246x10* |1.08x10* |1.19x10° |2.57x10°

QDO |526x105 |3.08x10° |1.08x10% |5.98x10% |2.57x10°

ABOVE TABLE IS FOR A 50mm diameter bore.

Tightest 12pole/quad tolerance is for QF1. POISSON often
under-predicts multipole value, we have 2.3 times margin. But if
12pole is too large we have at least 2 ways to reduce it: by
chamfering poletip ends or by adding steel buttons on poletip
end; Determine the button size and position by experiment :more
on Spencer’s experience with this below.
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Sextupole Octupole Decapole 12-pole
s L HALBACH’s 1969
‘oMagnetss” paper (10-pole)
ATF2 Tolerances QF1 9.56E-05 1.01E-04 2.46E-04 2.46E-04
QDO -5.26E-05 -1.58E-04 -1.10E-03 -3.08E-03
Single Poletip 8.15E-05 -1.33E-21 4.89E-06 1.14E-06
1 mil Radial misplacement -8.15E-05 skew 1.08E-05 skew 4.89E-06 skew 2.09E-22 skew
Single Poletip 1.63E-04 -2.65E-21 9.78E-06 2.28E-06
2 mil Radial -1.63E-04 skew 2.16E-05 skew 9.78E-06 skew 4.19E-22 skew
Single Poletip -8.15E-05 -3.41E-05 -4.89E-06 -1.35E-22
1 mil Azimuthal -8.15E-05 skew -4.18E-21 skew -4.89E-06 skew 7.35E-07 skew
Single Poletip -1.63E-4 -6.82E-05 -9.78E-06 -2.70E-22
2 mil Azimuthal -1.63E-4 skew -8.35E-21 skew 9.78E-06 skew 1.47E-06 skew
All 4 Poletips -6.52E-04 -1.06E-20 -3.91E-05 1.08E-21
->Sextupole. Worst Case -2.40E-19 skew 0.0 skew -3.26E-20 skew 4.05E-21 skew
1 mil Rad, Azi
All 4 Poletips -1.30E-03 -2.12E-20 -7.82E-05 2.16E-21
->Sextupole. Worst Case -4.80E-19 skew 0.0 skew -6.52E-20 skew | 8.09E-21 skew
2 mil Rad, Azi
All 4 Tips -7.99E-20 -1.36E-4 1.92E-21 -2.07E-21
Oct. Worst Case 1.28E-19 skew -6.68E-20 skew -2.88E-21 skew 0.0 skew
1 mil Azimuthal
All 4 Tips -5.12E-18 4.24E-19 1.84E-19 3.65E-04
12-pole Worst Case -1.13E-17 skew 0.0 skew 3.68E-19 skew 2.68E-19 skew
2mm Radial P=Yddll| Spencer’ Sl AC Info an yil
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SN ATF2
Bal/? magnes  CONClusion from perturbation calculations

e Sextupole component Is very sensitive to
poletip being at wrong radius or the
poletip being offset “azimuthally”

e Appears that errors of size 0.001” (=25
microns) are significant for producing
unwanted sextupoles.
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Not finished drawing showing how much of poletip
needs to be removed, if we were to machine the
poletips. VERY EXPENSIVE TO DO!
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Magnets

Shim will be low
carbon steel,

ground to 0.0005”

flathess
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}: A2 Chosen method for enlarging the

“"QC3” quad’s bore diameter

Cherrill Spencer, SLAC. Info on
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Place a very flat and
precise thickness
shim in each split
plane to “explode”
the quad and enlarge
the bore diameter.




' ATF2  Multipoles predicted if pull back the hyperbolic
M. Magnets poletip by adding shims at split planes

« COMPARE POISSON PREDICTIONS WITH JAMES JONES
TOLERANCES :

 Tolerances for QDO : 12pole/quad < 3.08 x10(-3) and
20pole/quad < 5.98 x10(-1) at radius= 1cm .

» Poisson predictions (same values at the different currents):
— 12pole/quad: 1.86x10(-3)
— 20pole/quad: 4.18x10(-6)

« SO HAVE SATISFIED BOTH 12 pole and 20 pole tolerances.

e TOLERANCES FOR QF1 : 12pole/quad < 2.46 x10(-4) and
20pole/quad < 1.19x 10(-03) at r= 1cm,

 So have not satisfied QF1’s 12 pole tolerance, although have
satisfied the 20 pole tolerance.

 DECIDED that this shimming method was easier and cheaper to try
first than actually machining back the poletips and the larger-than-
we-want 12 poles can be reduced by putting buttons on the ends; or
chamfering the ends.
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its 12 pole content

e i:r-l ll:.'l:ll-ul:n '!hlf.llilr"chvl‘ll
Fi |sPOi. (TEMZH KD wiTE S Hin] s Rigly

TEWYS T AMD U, W SO S HLL

232 &0 T CORAP ST ST

" ATF2 Buttons added to an SLC quadrupole to reduce

-

o

]

| |imsn aD0 SPAES ¥ RETE oy | e
| RGIED Liabve 5 b FOLEAE D jui 1

HOTES
I. TAFPER HOLES THIR BIDE,
%, BTEEL GTARMIF WiTe & HiMiMUR SITE OF T3 POIMT
LHERACFARSE THE FoLLEw kG MEORMATEIR T
TEAET DT A = T - 1SR
Mg PES: BSOS
EAT wililedT: 8% LEZ

LOGKETE akjy il Gt LT 4 |

4, kiRl EMT T Seaoariy 1 28

STEEL L ib. 8%

!:' Pl T OF T DELIBHATIGN LG RELRS DIOEET S,
| Corvinrid BORL oD Cllisbdid SEARA ]

m 0P 1TEM 25 AND T SHE ERLH BY PR D
oAl el D PO RS i R AT
CEmSTRAED &f BHUditsel.

(SLITRS CoRr AsS &4 Lo i
[3a [ea [irovin [os [awm menpin wea™s ic. 36 -
= = | —
I s v [aansw| w r_lmﬁ Bl MO 3F S5 -
! = ]
R PP [ fRL-d | BY | HLI eSS Fal s
27 | Pr [2aem 22 (TR Conl R [
Pia| PF | delele i [TRId Lo “A =
2w |y |ank-sdn 20 | oL a%ey Lol e 2 IEE-EY | 3
|.l-|_.n.!.1.'|-n-_ ' [SSTR TS A [T EF T -n] z
[2= i':-_r [F02-e% 02 [ SO0l TERM ikbL LH. D
31 | BE [ opewt| o oo TERRA ML SRDIRT, i W, 5
1 ! 1 ! 1
21| B meepm SR SR TERAA AL, HLH,
DG | PP |00 | D |l TEERA| ki, SHOTNT, Pl 5
B A AE_ g AN | RS SRS - S L
Al R Y T R L E g Ty
T T | e el TR0 AR a4)| A
Il -0 W AT A Er i
L - N P
D | s _ L3
44 P 7 TR — AT
A | R, T R -
7 EEHE AUT B ToAmD [
A | e awmr AEpE BEATSE S, i A 3
[ lomca-zom  |oter coaoe B s -gpwer |3
& | g gl | S, et AR R B - g A
T A ORIV T [AATER MASE AT EAIHLY ]
B | Al sl | Pl AMRRE - ol BAT, CAVTER SR B
1
- |
& | % | MO S TIMT A, PR TR, | X
I | A SRR |- LW AT e, SR AR A £
z I T
ra

(22 P L T A

HOTES: SOMT = | b
IT_I FOR o i1 AFERATURE mMORTASE, ARSTMALY O TS BILT = "'ﬁ" Lo | A Peind D BEREEIFT M arv
= FRA THIZ FRWT EXCERT WiTHOWT _ITERY 15 iTEM 7 Aad = S L]

AAODIErED BEECAUSE DF TAE BEECFE METHLLATEDN Saai] R R ERARER ST WLEIRA

RESIREMENTS, SEE SUTA GIRDER (3 M3 TALLATSN
ASSERMELY WD IE-ddh-503- B, ETLF O LIHELA SCCRLYRATON CIHTER Lol =
W P r—

2] apig® THE GRS MOE pSTRLLED, SCREW 16 LTEUE 29 mTS N Wi il AR LA,
_I M RS :-Eafl'll:' ';l RAFPEG HGLES W DiEE, T p—— L Rﬂ W#M £
2030 BORE ASsY
B ST on

TI,IJ«.I.‘ LOTLS OO HOT HRVE SURPE &% DOWwWE] W il ":‘L
NG pE CkewaklE FER THE PUwsS TRHET Co-WlT waouiT iaekiR.
54 | #46 - £39-15-R2 D
TE] L R D e ) RS

14/15 Mar 2007 Cherrill Spencer, SLAC. Info on 9
QC3 enlarging



' ATF2 Effect of 8 buttons on one end of
Qs " Magnets RTL guadrupole

e Bore diameter = 3.03" =77 mm

e Atr=17.9mm
— 12pole/quad without buttons = 0.148% = 1.48x 10(-3)
— 12pole/quad with buttons = 0.017% = 1.7x10(-4)

— BUT sometimes the octupole went UP with the
buttons.

— Effect of buttons on sextupole needs to be
studied more- by Spencer- has data.
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