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Post MUTAC comments

Scenario description

e Drift

* Buncher

* Vernier Phase rotation

e Match to 77?

“Vernier” rotation

* Initial concept

e Better than fixed frequency

“Match” into cooling channel!!!!
* [nitial attempts

« Compare with Study 2
e Future plans
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# Post-MUTAC thoughts

Previous discussion not quite accurate ...
 Method works MUCH BETTER than described

 Method should be baseline capture and phase-
energy rotation for neutrino factory ...

« “Vernier’ ¢—0Erotation is much better than
single-frequency rotation ...

Need more study !!!
 Many variations /optimizations possible, but
variability will be greatly reduced after it is built
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Drlft (90m) Overview of transport
* Allows 11 ubeam to decay; ch—BItE
otator
beam develops ¢—-& correlation
(60m) —
pu-beam Drift Cooler

* Bunching rf with E; =125 MeV,

o(1/8) = 0.01

{Lx9(1/8)=1.5mat L, ;= 150m}
 V;increases gradually from 0 to 4.8 MV/m

(—& Rotation(~10m)

« Vernier rotation: E, = 125 MeV, Replaces Induction
E,=77.281MeV, 10A - 10.1A spacing Linacs with medium-
* Vi =10MVim frequency rf (~200MHz) !

Cooler(~100m long)
 fixed frequency transverse cooling system
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0.1250 Ge\/ 0.30 0.1250 Ge\/ | 0.30
SErms = 0.04871 GeV 6000 p"“”'C'BS SErms = 0.05672 GeV 6000 particles
Sct (1) = 0.000m Sct (r‘}ﬁ)!= 1.500m
emittance = 0.16638 m—GeV Z = 390.00 m emittancei=  0.4350 m—GeV Z = 150.00 m
[ ]
Drift
\\\M & “
—20m 20m B0m =20m B 0m
, 0.00 , 0.00
0.1250 GeV : 0.30 0.1250 GeV . 0.30
BErms =5 0.03319 GeV 6000 parficles SErms = 0.01629 GeV 5378 particles
Sct (+f = 1.532m Sct (k) = 1.532m
emlHonqe ;- 0.4557 m—GeV Z= 15874 m emittance = 0.2290 m—GeV 7= 24874 m
HE ¢@—CE rotate Cool
L E L il
—20m 20m ' U Bom —20m 20m 6 0m
0.00 0.00
‘System would capture both signs (1=, ) I
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Drift for z; meters;

Adiabatic bunch for (L,-zp) m | 01790 GeV_ 5000 peries EAY

Set reference energy T,, d(1/B): enf.ﬂaﬁfﬁ- 0:3350 m-GeV 7= 15000 m

. 125 MeV/c, 0.01 _
In buncher: )\rf(z)=Z5(%)

Match to A =1.5m at end:

Ltot( L 1 j Ltoté( ) A, =1.5m I

B Bo
—Z20m E0m
zero-phase at energies with 1/ at ' ' L2
integer o(1/B) intervals: As:0.90-1.5m
Bn BO 5
Adiabatically increase gradient: E,(z) =4.8 =20 \yvim

(Ltot ~Zp )2

Then begin rotation: 6
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* 14 . 034
L. J Vernier” ¢—dERotation

At end of bunch, choose: 0.1250 GeV 5000 sertides 0.30
. . SErms £: 0.03313 GeV GeV
« Fixed-energy particle T, et (Ff) = 1.532m

emittance. = 0.4557 m—GeV Z= 153874 m
« Second reference bunch T, S

e Vernier offset &
Example:

e Ty, =125 MeV (P,=205.37 MeV/L

e Choose N= 10, 6=0.1

- T,, starts at 77.28 MeV

Along rotator, keep reference
particles at (N + &) A spacing | BT

* G = 36° at 0=0.1 —20m 20m T son

« Bunch centroids change: ' ' ' —

Ty (zg ) =Ty (0) + €E ¢ sin(Go) A 1.485-1.517m in rotation;
ORI ' 07R Srnap to A = Act/10 at end
Use E; = 10MV/m; Lz=8.74m As » 1.532m)

 High gradient not needed ...

« Bunches rotate to ~equal energies. ~ Nonlinearities cancel:
T(1/B) ; Sin(e
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Beam after drift plus Beam after ~200MHz rf rotation;
Beam is formed into

Beam is formed into string of equal-energy bunches;

string of ~ 200MHz bunches matched to cooling rf acceptance



¢ Next step: match into cooling channel !
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Need to design a new cooling channel, matched to
bunched/rotated beam

Do not (yet) have redesigned/matched cooling
channel

Use (for initial tries):
e ICOOL beam from end of AVG simulations
- Beam has transverse emittance €5 10.02
- Better betatron match with B = 3T
« Study IT cooling channel
- Cools (or collimates) from €, 10.012m to €, 10.0022m
« Direct transfer of beam (no matching section)
- Varied central energy; central rf phase



A
Caveats: Not properly matched ﬁ‘%(l

Muon Collaboration
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This is not the way to design a neutrino factory
Not properly matched in betatron and synchrotron phase space

Cooling channel acceptance is much smaller than initial beam (no
precooler)

Correlation factors “wrong” — no field flip before cooler

“Cooling” channel collimates as much as it cools ...

10
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e Results (~ICOOL)

In first ~10m, 40% of W's from buncher are lost,
€5 00.020m- &5 00.012m

« Remaining Y's continue down channel and are cooled and
scraped, 5 - ~0.0022m, similar to Study 2 simulation.

« Best energy, phase gives ~0.22 y's /24 GeV p

 Study IT baseline ICOOL results is ~0.23 p's/p

I T I 1
region 935 1530 particles 0O.400C
Fifrmsy =0.6557 L = 309.352 m 1509 between 0.0800 and 0.2000GaeVW GeV
cdE =0.0239GeV Ebar = 0.1302GaV
0.015637 GeaV Px.rms = 0.016028GaVV/c
Xrms = 0.013586 ex =0.000217 m-SeVfic

-20.00 40.00mM 100.0C
1 1 1 (s alalals
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ICOOL simulation -Buncher, ¢—0E Cool
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T T
T042 particles

T T
G805 particles

region 4 04000 . L region 288 04000
Fifrms) =1.5100 0.600 m 1999 between 0.0300 and 0.2000GeY Fifrms] 5 a4 L=1@2.850m 2660 between 0.0500 and 0.2000G&Y
dE =0.2214Get = 0.3093GeY dE =0 558Cey | - Ehar= 0.2687GeY
0400773 Gev Frrms = 0089337 Gev/ i Frrms = 0.037613GeViT
Hrms = 0.0310088E° ex =0.002777 m-Gevic (& =0.002620 m-Gevic
-20.00 40.00 100.00 -20.00 <40.00 100.00
I | I 0.0000 I I| I 0.0000
region 21 B956 particles 0.4000 region 24 3741 narticles 0.4000
Fifrms) =1.8% L= 74.980m 2235 hetween 0.0800 and 0.2000Gev 1818 L=182230m 3022 between 0.0800 and 0.2000GeV
oE =0.1945G% Ehar = 0.2545GeY 447GV Ebar = 0.1724GeY
03551598 Ge 3 Ferms = 0.037569GeV/T GEY Frrms = 0.027274GeYic
Hrms = D.Dﬁ?ﬁ% £ =0.002570 m-Gewic a47750m ex =0.001302 m-GeviT
-20.00 40,00 00.00
. ; -20.00 - 40.00 100.00
1 | 0.0000] L. ) A 0.0000 |
T T T I T I
region 147 6908 particles 04000 region 933 15330 narticles 0.4000
Fifrms) L=134.180m 2505 hetween 0.0800 and 0.2000GeY Fifrms) =0.6557 L=309352m 1509 between 0.0800 and 0.2000GeY
dE =0.1 Ehar = 0.2673GeY dE =0.0238GeY Ebar = 0.1302GeY
0336313 - Prrms = 0.037633Cevic 0015637 Gev Prrms = 0.016028Gev/c
Arms = 0 g =0.002587 m-Gevic Hrms = 0.013586m ex =0.000217 m-GeviT
-20.00 40,00 100.00 -20.00 40.00 100.00
1 | 0.0000] 1 0.000a_J

-20 to 100

m: v: 0 to 400

MeV
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region 4 7043 particles 0.4000 region 41 " 5341 particles 0.4000
Fifrms) =1.8139 L= 0.600m 1997 between 0.0800 and 0.2000G eV = 275720 m 1767 between 0.0800 and 0.2000Ges
dE =0.2214G8Y Ebar = 0.2090CGeY Ebhar = 0.1558Ge%
0401505 Gev % Pi,irms = 0.089199Gev/sc P, s = 002275205840
rms = 0.031116) ex =0.002775 m-Gevrc ex =0.001998 m-Gesic
-20.00 40.00 100 00 -20.00 <40.00 100.00
1 1 1 0.0000 | 1 | 0.0000_|
! region 11 " 6210 particles ! 0.4000 ' region 635 4758 particles ! 0.4000
TL= 35620 m 1966 hetween 0.0800 and 0.2000GeY L=367.821m 3665 between 0.0800 and 0.2000Ges
Ebar = 0.2498CGev Ebar = 0 1910Gew
Pr,rms = 0.024433Gevsc Pie,rms = 0025401 Sevvic
£ =0.002488 m-Get/c | i D.061787m  ex=0.001559 m-Gew/ic
-20.00 2.9 . 100 00
Lo - o.ooo0 | -20.00 40.00 100.00
L | 0.0000 |
T
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Fifrms) =1.8 L=135720m 2828 between 0.0800 and 0.2000GeY region 222 =796 particles 02000
oE =0.1484 Epar = 0.2667GeY Fiirms) =1.0912 L=:31.106m 2895 petween 0.0800 and 0.2000Ges
0.270645 G P, s = 0.024317 Gt HE =0.10465ew Ebar = 0.1746Gew
Xrms = 01025 ex =0.002486 mM-Gev/o 0113968 Gew Pi,rms = 0.02167258vic
— — Hrms = 0.050437m  ex =0.001091 m-Geve
-20.00 40.00 10000 -20.00 40.00 100.00
I | 1 0.oo000_| I I 0.0000_
. T T T T T T
3 region 38 2486 particles 04000 region 1208 1607 particles 0.4000
Fifrms) =1.4383 L=135.720m 1781 between 0.0200 and 0.2000Gey Fiirmsa) =1.7972 L=3564.731m 1295 between 0.0800 and 0.2000CGey
dE =0.14 1188 Ebar = 0.1384CGeY dE =0.0220Ge% Ebar = 0.1207GeY
0259499 Fxrms = 0 02279 1GEVIT 0039608 Gevw Pxrns = 00161 7EGEW/C
ex =0 001968 m-Gev/c Hrms = 0.013613m ex =0.000220 m-Gewic
100.00 -20.00 40.00 100.00
| L 0.0000 | L | 0.0000_

-20 to 100m; y: 0 to 400 MeV
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High-frequency Buncher and ¢—-& Rotator simpler and
cheaper than induction linac system

Performance as good (or almost ...) as study 2, (or better ?)
But
System will capture both signs (u*, p-) !
(Twice as good ??)
To do:
* Complete simulations with matched cooling channel!
« Optimizations, Scenario reoptimization

Other Variations:

« Shorter bunch trains (OK in 1D), quad focussing,
lower rf frequency(OK in1-D) , collider parameters ...

14
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W rf Buncher-Rotator Comments JEC
* Not really “high-frequency”
e Can work just fine for 50, 100, 200, 400 MHz ...

« Not really “variable-frequency”

« rf frequency changes along the transport; each cavity
is fixed frequency

« “Adiabatic” 77
 Buncher is quasi-adiabatic; g—dErotation is not ...

« “Faster, Cheaper, Better”
e probably

15
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A MuTAC results N4

E u 1
IN RESPONSE TO ¥ I HIRED AN | TLL HAVE TO RUN SOME
?EHE. E.lﬂ H;I_EISUGUEG % EXPENSIVE % CHAQOS AND COMPLEXTITY
H '{1 Er H,D UT N T = CE‘NEULTHNT T'::' = 51MULF&TIGH5, EFUT IT
HAVING E UGH £ AMALYZE YOUR : LOOKS AS TF wOU NEED

il )T |

Copyright 2 2883 United Feature Syndicate, Ihc.
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