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Schematicof a Muon Collider

25y 10'# pbunch
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BaselineParametersfor a 50 GeV Muon Collider

COM enemy (GeV) 100
p/bunch 4 x 10'2

w power (MW) 1

Wall power (MW) 81
Collider circum. (m) 350

Ave bendingfield (T) 3

rms Ap/p (%) 0.12 0.003
6D €6, v (wm)? 1.7x 10719 1.7 x 10719
rms €, (w mm mrad) 85 290
B* (cm) 4.1 14.1
o, (cm) 4.1 14.1
o, (pupm) 86 294
og IP (mrad) 2.1 2.1
Tune shift 0.051 0.015
Niurns (€ffEctive) 450 450

Luminosity (cm—2s™1) 1.2 x 10°? 10%!
Higgs/yr 19x 10° 39x 10°

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000
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Dynamic AperturePlot (3* =4 cm)

sextupoles off
ﬂ
= \ N
® 10| // )
g / ‘// “
&) | ||
2 [
/
5F / |
/
//
/
0 1 // 1 I 1
| dp/p (%) |
® Onebeamonly
% No errors of any kind
«® 1000tur nsusing 9th-order Taylor map
% Initial condition:
©1r=0-200,0=(0-15) x 360°/16
© Py =py =0
© op/p=(-10-10) x 0.1%
Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000
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50 GeV Collider Ring Optics (3* =13cm)
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Dynamic AperturePlot (3* =13 cm)

20 T
sextupoles off

15

0} \
\

r (sigma =290 micron)

0 1 I 1 1
-1 -0.5 0 0.5
dp/p (%)

® Onebeamonly

% No errors of any kind

«® 1000tur nsusing 9th-order Taylor map

#® [nitial condition:
©1r=0-200,0=(0-15) x 360°/16
© pr=py =0
© op/p=(-10-10)x 0.1%
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Main Injector and RecyclerGoals

® increaselevatron luminosity from typical
L=1.6-10"cm2%s!
_ INp(BNj)

- 2w(o) +02)

H(oL/B%)

£ Main Injector:

< larger proton flux for p production
£ Mmoreintenseproton bunches

« shorter cycles

© =L =28.6-10cm?%s!

® RecyclerRing:

« storeand coolrecycledp from Tevatron
© =L=20-10"cm %!

<« highly reliable storagering for p

© accumulate/coolup to 3 - 10'% p

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000
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RecyclerRing

® circumference:3319.4m
«® storagering: 8.0GeV kinetic energy

«® built from permanent magnets

< 344combinedfunction magnets
< 100guadrupole magnets

< strontium ferrite (excellent radiation
and temporal stability)

£ No power supplies,cables,cooling water
© = low cost(~$5000a piece)
< = reliability

#® initially stochasticcooling
«® ultimately electron cooling

& accumulate/coolup to atotal stackof 3-10'? p

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



RecyclerCombined Function Gradient Magnet

® 4 different types

« regular arc cell/ dispersionsuppressor
« focusing/ defocusing

«® dipole/ quadrupole / sextupolefield
® length4.5/3.1m

% central field 1.38/1.33kG

® strontium-ferrite permanentmagnets
® end-shimsfor field correction

Flux Magnet
Returns Poles

LILILIIL

End Flux Clamps

Perfect Quadrupole Sextupole Octupole
Magnet Correction Correction Correction

% iron-nickel alloy for temperature compensation

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



RecyclerClosedOrbit

® Designtolerancesfor magneticfields
£ Magnet alignmentto 250.m

& = closedorbit distortions

® powered correctiondipoles

< 27 horizontal

< 28vertical

< locatedat septumand cooling locations
« canbe usedfor iniatial commissioning

® eventually all correctionby magnetmovements

© increasegseliability
© effective correction needed

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



Tune/ Chromaticity Adjustment

& Tune PhaseTrombone

< 9 powered quadrupole magnets

« locatedin onestraight section

< small tune adjustment ~ 0.1

€ permanent magnet phase trombone
planned

< rotatable quadrupoles

©® Chromaticity:

< 24 powered sextupolemagnets

© range ~ 10units

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



RecyclerCommissioning1999

% Jan 9: start partial turn commissioning
® Jan 12: beamto temporary dump
© mid April:

< ring completed

© 50% efficiency through transfer line
from Main Injector

< fewturns
<© BPM commissioning

® May 4: 100% efficiencythr oughtransfer line

£ May 18: circulating beam

& Problems:

© BPMs

< closedorbit

< impact of the Main Injector ramp
< tune/ chromaticity

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



Tune Problem

& designtunesQ, = 24.425/Q, = 24.415
& beamnot circulating without trim quads
«® vertical tune around half integer

& horizontal tune about .2 too low

® sextupolefeed-davn

End Shim magnet body End Shim

% sextupolenot equally distrib uted

® RGF: 3units in body + 3 in eachshim
® RGD: -18in body + 1.5in eachshim
® = shimreplacementon oneside

® = tunesQ, = 24.44/ Q, = 24.36

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000
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RecyclerTune Measurement

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



RecyclerBeamIntensity Plot

LT

REFEAT
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Implementation of the TromboneTuner

® Operations Console(VAX):
© readsquad trim setting data from the
front end

< sendsit along with tune changeto a
UNIX serwver via TCP/IP

© recevesnew quad trim setting from the
sewer

£ snedsthe newsettingto the front end

& UNIX Server:
© recevesquad trim setting from the op-
erations console

< runs MAD to find newquad trim setting
for the newtune

© sendsthe new setting back to the opera-
tions console

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



TromboneTuner: Example#1

TROMBONE TUNER 04/07/00 15534Pgm_Tools+
Action Display

READ quad trim current 01ld quad trim setting:
Q7661 ,R:-QTE09 .000
Enter change in tunes: tQTEe02 ,R:-QTE08 -000
DELTAQX .01 QTE03,R:-QTEH7 000
DELTAQY O Q7604 ,R:-QTGO6 000
:QT605 000

4]
]
4]
]

REUN MAD to obtain new setting

SEND new quad trim setting New quad trim setting:
:QT601,R:QTE09 -2.831
:QT602,R:QTEO8  -0.207
:QT603,R:QTBO7 -0.015
:QT6¢4,R:QTE06 ¢.965
:QTE05 5.500

Messages
Quad trim setting sent
118 bytes of data received
118 bytes of data received
delta_ql1]1 = 00000

© AQ, = 0.0089,AQ, = 0.0003

® Excellent agreement between model
and measuement

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



TromboneTuner: Example #2

TROMBONE TUNER 04/07/00 15314Pgm_Tools+
Action Display

READ quad trim current 01ld quad trim setting:
:QT601,R:QT609 1.424
Enter change in tunes: 1QTEe02 ,R:-QTE0E8 -1.424
DELTAQX .01 :QT603,R:QTE07  -3.521
DELTAQY O :QT604,R:QTE06 1.195
:QT605 -5.396
REUN MAD to obtain new setting
SEND new quad trim setting New quad trim setting:
:QT601,R:QTB09  -0.229
:QT602,R:QTE08  -0.750
:QT603,R:QTBO7 -3.228
:QT604,R:QT606 1.296
:QTE05 -3.142

Messages

118 bytes of data received
118 bytes of data received
delta_ql1]1 = 0.0000
delta_ql¢]l = O.0100

® AQ,=0.0078,AQ, = 0.0034

& Good agreement between model and
measulement

® Coupling may play arole here

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000
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Chromaticity Problem

® designchromaticity slightly negative

£ measutedchromaticity Q! = —ZO/Q; = +6

® heatertape problem

vacuum chamber

heater tape

f

aluminized mylar foil Kapton tape

£ heatertape magnetic
«® all kinds of multipoles
® = heatertaperemoved

©=Q,=1/Q, =-1

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



RecyclerChromaticity Measurement

dQx/dP, dQy/dP

dQx/dP, dQy/dP

10

10

Weishi Wan

T T T T T
horizontal (data)  +
vertical (data)
horizontal (MAD)  *
vertical (MAD) u]
*
+
*
+
*
+ *
L ; . i
*
[m] ] o o =] [m] o O o O
* *
L " i
*
*
1 1 1 1 1
-4 -2 0 2 4
k2h (amp)
T T T T T
horizontal (data) o +
vertical (data) x
horizontal (MAD)  *
vertical{MAD) o
L - i
o
+
+ +
L ¥ . i
+
* * * * * * * * * *
o
- o i
o
- o -
o
1 1 1 1 1
-3 -2 -1 0 1 2 3
k2h (amp)
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My Contrib ution

% simulation of the sextupolefeed-davn effect
= designof the new shims
= beamcirculating without trim quads

% (-function measuementat trim quad locations
= showing agreementwith modelto ~15%

% chromaticity mult designand calibration
= agreementwith model

£ momentum acceptancaneasuement
= agreementwith model

% design, implementaion and testing of the trom-
bonetuner program

£ maitainance and development of orbit smooth-
Ing, injection closure and BPM utility programs
originally written by aformer team member

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



Work in Progress

® debuggingthe BPM system

€ removing aperturerestrictions
® quad cablecompensationloop
«® clearing electrodes

® RF manipulation of beam

«® proton stochasticcooling

«® pbar stochasticcooling

Weishi Wan Muon Collider and Recycler Studies Apr. 26, 2000



