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FNAL Neutrino Source Design Study

The charge (part 1)

= Design concept for a muon storage ring and as-
sociated suport facilities that could, with rea-
sonable assurance, meet performance goals re-
quired to support a compelling neutrino based re-
search program.

Approach: conventional solutions where possible.

— longer bunch (1ns — 3ns) in the proton driver
— Solid carbon target
— Avoid very low frequency RF, use induction linac.

— Realistic engineering constraints on Front-End de-
signs (phase-rotation, bunching, cooling) and ac-
celeration.

Design goals: 2 x 102 /year, 50GeV energy, no
plarization, both u* and u~.




Basic Calculation: with 1/3 of u’s decay in the
straight, 2 x 107 sec/year, and 2 x 10!3 POT per pulse
at 15Hz

= need 2 x 10"y per pulse to be delievered to the
acceleration (0.14/p), to acheive the 102 v’s per
year objective.



Beam Properties Along the Capture and
Bunching Section

Region Position | 7 + p / proton | E-window | € x (mm) | o, (m)
A. After Target 0 0.242 ' < 500MeV | 15.1 0.09
B. Decay Channel |[47m 0.226 < 500MeV | 15.9 0.092
C. Matching 50m 0.222 - < 500MeV | 16.5 0.057
D. Induction Linac | 150m 0.191 < 500MeV | 16.3 0.060
E. Minicooling 153.45m | 0.191 < 450MeV [12.6 0.055
F'. Buncher (all 4’s) | 170.9m | 0.188 < 375MeV | 12.4 0.046
Buncher (in bucket) | 170.9m | 0.123 < 375MeV | 12.0 0.046
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Schematic Overview:t —> |1 production, capture, and bunching

A. Proton Beam (16 GeV, 4 bunches)
Target Station (Carbon target)

B. Drift: T —> L decay region (L=47 m,B=1.25T)
C. Matching Section (L = 1 m)
D. Induction Linac(L=100m,B=3T,-0.5<V’< 1.5 MV/m)

Matching Section (L = Lm)
E. Minicooling (Liquid Hydrogen, L=245m,B=5T)
Matching Section (L = 1m)
F. Buncher (L =16432 m. B =5 T. includes 32m RF accelerating cells)
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Bunching and Capture
1
1

e AEJE after phase rotation
e bunching into string of 35 bunches or so
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Longitudinal phase space distributions of the p=becam before (above, red) and after (below, violet)
the minicool energy loss insert.
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Beam distributions in energy -distance coordinates. A shows the full beam length; B shows the
distribution folded over the 201.25 MHz periodicity, with an RF bucket for 200 McV, 200 MHz cooling.




Cooling Channel Summ
( Llﬂmg MILLENTUM H!)ary

SFoFo: 20 m long, Bne: = 6.6T, p0 = 190 MeV; uncorrelated beam
in: oy = lem, 0, = 1.5¢m, opr = 0.015, 0p;, = 6MeV

Variable Unit Tnitial | Final | R = Final/Initial
Particles Tracked + cut |- 1000 | 994 0.994
Transverse Emittance(x) | # mm — mrad | 1411 | 946.2 0.67
6-D Emittance (x mm)® 2.219 | 1.838 0.82

FoFo: 50 u Al windows 130 m long, Bpe: = 3.4T, p0=186 MeV
in: 0,y = dem, 0, = 8.1cm, oyr = 0.023, 0p, = 10MeV; correlated beam
L —— L bm—

Vanable unit Initial F-i_nal R = Final/Initial
Transverse Emlttance(x) 1940(29(11) 0.2410.36)
6-D Em1ttanoe(xlO“°) (1rmm3) 841 0.119

Alternatmg Solenoid: 20 m long, Bpar = 15T, p0=186 MeV
in: 0., = 4cm, 0, = 1.12cm, oyr = 0.018, 0, = 6MeV’; correlated beam

Variable Initial Fmal R = Fmal/Imtml
Particles 1000
Transverse Emlttance(x) mmm — mrad
6-D Emittance(x10~'%) | (xmm°) 9) | (wmm®) | 1.665

In Progress:
e Adiabatic SoSo (FNAL)

e Long Solenoid (LBL, FNAL)
trans: 50 percent; er: 10,000 — 15007rmm — mrad

e 2+ FoFo channels, with matching (LBL)
trans: 35 percent; er: 15,000 — 2,000 rmm — mrad




FNAL Integrated Front End Simulation:
Cooling Channel Input Beam

w

Typical Beam Into
Cooling:

x (rms) =4.5cm

px (rms) = 32 MeV (16%)

E(rms) = 40 MeV (18 %)

z(rms) =30 cm (1 ns.)

e non-gaussian distributions

e mean momenturr. = 200 MeV

e Energy Cut: E < 300 MeV

Jocelyn Monroe. FNAL



Panagiotis Spentzouris, Cooling Lattice Simulation 2

Cooling Simulations

e 2 cooling channels for NuFactory: solenoid focusing FoFo
and “larmor cooling” single-flip.

> Design with engingering constraints, realistic
beam; optimize for accelerator acceptance —
“integrated optimization”
also, DPGeant and Icool x-checked, same figure of
merit calculation & definition.

e Design procedure: “simple tracking” used to narrow
parameter space, verify design idea; DPGeant
or Icool and Minuit optimizer to find optimal solution
with realistic geometry and component implementation

_ Statement of detailed tracking “checking’ “simple-
tracking” results is misleading — really prove design
idea and find optimal realistic solution

paradigm worked for Alt.Sol, lilens channel, single-flip



Panagiotis Spentzouris, Cooling Lattice Simulation 4

DPGeant “3D” Implementations: gridded 201MHz rf
cavity

E Field, at x = 0.07comp. 3
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Simulation Effort at LBNL

* “From the Target through the Cooling”
* Different Lattice types
* Cell length ~ Coil diameter = non efficient use of H_,
* Field 3.5-7 T or more => NiSn, with this kind of diameter

* Analytical description = G. Penn, LBL / K. Kim ANL+Univ.
Chicago/ Y. Derbenev, Michigan State/FERMI

q V\%d to feve(sc _%;&A to Cowcel -Q"B"’-‘-Q-&(
Fields and beta functions: two examples W

(note <x> o< B)
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Other Cooling Channels

e Baseline: FOFO

ABSOREER DESIGN DETAL  wa
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The Heart of the Cooling Channel for a o
Neutrino Factory

* IIT, BNL, LBNL, FNAL: go through an
engineering design faster

* Goal: Do all the cooling with one set of

hardware
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Figure of Merit # 1

Technical Feasibility:

RF Cavities

e Power Feeds — gaps between solenoids > 20 cm

e R = 60 cm — solenoid radii > 65 cm

Absorbers

o Windows:
SF Absorbers have L = 35 cm, R = 20 cm
— ellipsoidal shape, thickness > 280um
Solenoids
e Hoop Stress

e Quench Protection

= Limits Achievable Field on Axis,
Current Density, Coil Thickness, Coil Separation,
SC Material, Support Structure ...

BJR < 350 MPa

Jocelyn Monroe. FNAL



Figure of Merit # 2

Acceleration Acceptance Cuts:

e Longitudinal Acceptance

A
accepted e, = (2.50)% x o, —I_’B By

FNAL Design Study Single Flip
oz = 12¢m, 22 =011 p = 280 MeV
p = 200 MeV, = Ap = 22 MeV Ap = 22 MeV=>ép2=0.08
accepted €;, = 150 mm accepted e;, = 150 mm

e Transverse Acceptance

accepted e = (2.5 0)° X er

FNAL Design Study Single Flip
er = 1.5mm er = 3.0mm
accepted ey = 9.375 mm accepted ey = 18.75 mm

Larger Tranverse Acceptance Feasible? YES!

Jocelyn Monroe. FNAL



Do We Achieve Our Goal?

e Nasty question:
— partially: 2x10' is ok probably 4x101?
— potential for better channels: -> Derbenev: single flip!!!

Particles in Phase Space Cuts (6D)
trans. < 9.375 mm, long. < 150 mm

0070 ‘\ Total Transmission

0.060
0080 < within 6D phase space cut

\
°°wx
—
= 0.0%0

0.020

0010 —W
0000 - J
25 245 265 285 325 M5 385

Z(

Transverse Emittance

g, (mm)

o N & O o

225 2715 325 37s

Z(m

The transmission and the muon yield within the

The transverse emittance versus z in

acceptance of the accelerator. the FoFo cooling channel.
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Figure 9: The longitudinal phase space of the bunch entering the FOFO cooling channel (left) and 65m further
downstream (right). Muons from the integrated simulation are shown together with an approximate representation of
the separatrix.

Neutrino Factory Feasibility Study -6-10- April 15%, 2000




Number of muons vs. 2 Transverse Emittance

(Cooling channel) ¢, (mm)
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Figure 7a: Transmission in the FOFO channel vs. Figure 7b: Transverse emittance vs. distance for the
distance using the idealized beam described in the text.  idealized beam.
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. . Figure 7d: The longitudinal emittance of the
Figure 7c: Relative yield increase within the acceptance idealized t in the FOFO channel.

of the accelerator (9.375x mm.rad transverse, 150x mm
longitudinal) using the idealized beam.

Figure 7: Summary of cooling performance of the channel with an idealized beam.

Example of increase of cooling performance using an
optimal imput beam. The above case corresponds to the
beam for which the channel was designed and optimized

Need for integrated optimization



Single-flip
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2 vs. mu/p(percent), xrms(mm), . (fort9)
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Typical Beam Into
Cooling:

x (rms)

=4.5cm

px (rms) = 32 MeV (169)

E(rms) = 40 MeV (18 %)

z(rms) = 30 cm (1 ns.)




Single Flip: Transmission into SF
Acceleration Acceptance

Single Flip Acceptance Cuts:

Nin(z) Ni (Z)
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Jocelyn Monroe. FNAL



Cost

* Hot Topic: Proposal for Presentation.

Cost Total for each Sub-System

Sub-systems




Beam parameters vs transverse acceptance of the
pre-accelerator (p-source, C target, decay channel,

phase rotahon—buncinng—N&eGOthﬁ; -
. The longitudinal emittance is 41 to 48mm
(low->high acceptance)
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» Impressive progress despite missing factor of w4

o Machine cwn be staged (ﬂ)

* Integrated designa optimization could Improve vesults

= Longitudinal cooling should wmake the blggest
difference

~ Ok~
Mudn smallee £ {from Ph fotation

dnd  buncher



