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Schematicof a Muon Collider
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BaselineParametersfor a 50GeV Muon Collider

COM energy (GeV) 100� /bunch 4 � 10���� power (MW) 1
Wall power (MW) 81
Collider circum. (m) 350
Avebending field (T) 3
rms � ���	� (%) 0.12 0.003
6D 
���
�� ( � m) � 1.7 � 10����� 1.7 � 10�����
rms 
�� ( � mm mrad) 85 290� �

(cm) 4.1 14.1��� (cm) 4.1 14.1�� ( � m) 86 294�"! IP (mrad) 2.1 2.1
Tuneshift 0.051 0.015#%$'&  �)( (effective) 450 450
Luminosity (cm�*� s��� ) 1.2 � 10�+� 10�,�
Higgs/yr 1.9 � 10� 3.9 � 10�
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Dynamic Apertur ePlot ( 5 = 4 cm)
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50GeV Collider Ring Optics ( 5 = 13cm)
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Dynamic Apertur ePlot ( 5 = 13cm)
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Main Injector and RecyclerGoals

increaseTevatron luminosity fr om typical« ¬ ­¯®±° ²³­µ´ �¶� ·¹¸ �º�,»¼���
« ¬ ½�¾ ¿¯À Á ¾ Â¿ ÃÄ � À � �¿ Å � � Â¿ Ã

Æ À �ÈÇ � � � Ã
Main Injector :

larger proton flux for ÉÊ production

more intenseproton bunches

shorter cyclesË « ¬ Ìº®±° ²³­Í´ �¶� ·¹¸ �*�¶»����
RecyclerRing:

store and cool recycled ÉÊ fr om TevatronË « ¬ Ä ´ ²³­Í´ �¶� ·¹¸ �*�¶»����
highly reliable storagering for ÉÊ
accumulate/coolup to Î ²³­Í´ ��� ÉÊ
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RecyclerRing

circumference:3319.4m

storagering: 8.0GeV kinetic energy

built fr om permanentmagnets

344combinedfunction magnets

100quadrupole magnets

strontium ferrite (excellent radiation
and temporal stability)

no power supplies,cables,coolingwaterË low cost( Ï $5000a piece)Ë reliability

initially stochasticcooling

ultimately electron cooling

accumulate/coolup to a total stackof Î ²Ð­Í´ ��� ÉÊ
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RecyclerCombinedFunction Gradient Magnet

4 differ ent types

regular arc cell / dispersionsuppressor

focusing/ defocusing

dipole / quadrupole / sextupolefield

length 4.5/ 3.1m

central field 1.38/1.33kG

strontium-ferrite permanentmagnets

end-shimsfor field correction

November 5, 1996 3.15 Fermilab Recycler Ring
Release 1.2 Technical Design Report
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Figure 3.1.11: Difference in magnet field quality due to difference in
magnet fabrication measured on two identical full length Recycler
prototype gradient magnets.Ñ

Flux
Returns

Magnet
Poles

End Flux Clamps

Perfect
Magnet

Quadrupole
Correction

Sextupole
Correction

Octupole
Correction

Figure 3.1.12: Sketch of the scheme used to correct any measured field
shape errors.  Using these prototype shapes and linear superposition, a
very good correction algorithm has been generated and measured.

3.1.12. Recycler Magnet Key Performance Specifications

The table below contains the basic key specifications for the Recycler permanent
magnets. These are discussed, justified, and quantified at exhaustive length in
MI-Note #150.  Many of the values listed in this table, such as the design lifetime, are
rather arbitrary and are intended to guide engineers and technicians toward an appropriate
level of care and ruggedness.

ir on-nickel alloy for temperature compensation
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RecyclerClosedOrbit

Designtolerancesfor magneticfields

Magnet alignment to ÒÔÓÖÕÔ× m

Ø closedorbit distortions

powered correction dipoles

27horizontal

28vertical

locatedat septumand cooling locations

canbeusedfor iniatial commissioning

eventually all correctionby magnetmovements

increasesreliability

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 Ù 0.1

permanent magnet phase tr ombone
planned

rotatablequadrupoles

Chromaticity:

24powered sextupolemagnets

range Ù 10units

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



RecyclerCommissioning1999

Jan 9: start partial tur n commissioning

Jan 12: beamto temporary dump

mid April:

ring completed

50% efficiency thr ough transfer line
fr om Main Injector

few tur ns

BPM commissioning

May 4: 100% efficiencythr ough transfer 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



TuneProblem

designtunes Ú Û Ü ÒÞÝWßàÝáÒâÓ / Ú ã Ü ÒäÝ�ßàÝWåäÓ
beamnot circulating without trim quads

vertical tune around half integer

horizontal tune about .2 too low

sextupolefeed-down

11.9 mm7.3 mm

End Shim magnet body End Shim

sextupolenot equally distrib uted

RGF: 3 units in body + 3 in eachshim

RGD: -18 in body + 1.5 in eachshim

Ø shim replacementon oneside

Ø tunes Ú Û Ü ÒÞÝ�ßàÝÔÝ / Ú ã Ü ÒÞÝWß±æâç

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



C
om

pa
ris

on
be

tw
ee

nM
od

el
an

d
M

ea
su

re
m

en
t

Tu
ne

s(
M

A
D

)
Tu

ne
s(

da
ta

)
H

or
z

V
er

t
H

or
z

V
er

t
Q

ua
d

tr
im

s
of

f
(o

ld
sh

im
s)

24
.2

68
0.

00
0

—
–

—
–

Q
ua

d
tr

im
s

of
f

(n
ew

sh
im

s)
24

.4
05

24
.4

00
0.

44
2

0.
35

8
Q

ua
d

tr
im

s
on

(n
ew

sh
im

s)
24

.3
85

24
.4

67
0.

41
0

0.
43

1
D

iff
er

en
ce

be
tw

ee
no

n
an

d
of

f
-0

.0
20

0.
06

7
-0

.0
32

0.
07

3

W
ei

sh
iW

an
M

u
o

n
C

o
lli

d
er

an
d

R
ec

yc
le

r
S

tu
d

ie
s

A
p

r.
26

,2
00

0



RecyclerTuneMeasurement
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RecyclerBeamIntensity Plot
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Implementation of the TromboneTuner

OperationsConsole(VAX):

reads quad trim setting data fr om the
fr ont end

sends it along with tune change to a
UNIX server via TCP/IP

receivesnew quad trim setting fr om the
server

snedsthe new setting to the fr ont end

UNIX Server:

receivesquad trim setting fr om the op-
erationsconsole

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

è Ú Û Ü 0.0089,
è Ú ã Ü 0.0003

Excellent agreement between model
and measurement
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TromboneTuner: Example#2

è Ú Û Ü 0.0078,
è Ú ã Ü 0.0034

Good agreement between model and
measurement

Coupling may play a role here
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Chromaticity Problem

designchromaticity slightly negative

measuredchromaticity Ú é Û Ü ê ÒÖÕ / Ú éã Ü ë ç

heater tapeproblem

vacuum chamber

heater tape

aluminized mylar foil Kapton tape

heater tapemagnetic

all kinds of multipoles

Ø heater tape removed

Ø Ú é Û Ü å / Ú éã Ü ê å
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RecyclerChromaticity Measurement
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My Contrib ution

simulation of the sextupolefeed-down effectØ designof the new shimsØ beamcirculating without trim quads
í

-function measurementat trim quad locationsØ showing agreementwith model to Ù 15%

chromaticity mult designand calibrationØ agreementwith model

momentumacceptancemeasurementØ agreementwith model

design, implementaion and testing of the tr om-
bonetuner program

maitainance and development of orbit smooth-
ing, injection closure and BPM utility programs
originally written by a former teammember
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Work in Progress

debugging the BPM system

removing aperture restrictions

quad cablecompensationloop

clearing electrodes

RF manipulation of beam

proton stochasticcooling

pbar stochasticcooling
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