Neutrino beam

from a racetrack-FFAG muon decay ring
for vSTORM

Akira SATO
Department of Physics, Osaka University

NuFact2012, 2012/07/26



vSTORM

* Anew Lol of a short-baseline neutrino O Far detector
experiment has been submitted to ~1.5km
FNAL-PAC. |
* Physics: Neutrino Beam

« study of sterile neutrinos

* precise measurement of neutrino-
nucleon scattering cross sections.

E.=2GeV
Near detector

Muon Decay

A production of neutrino beams from a Rlng
muon storage ring without any cooling 0u=3.8GeVic
section.

* For the decay ring,

* large transverse acceptance
* large momentum acceptance

» are required to increase the intensity
of the v beam.

 Two candidates
e FODO racetrack
* FFAG racetrack

~ pr=5GeV/c



Study of Racetrack FFAGs for vSTORM

 J.B.Lagrange and Y.Mori proposed two racetrack FFAG for the decay ring.
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* They studied performance of these FFAGs by their original tracking code,
which cannot study decay of muon.



Study of Racetrack FFAGs with g4beamline

* | have studied production of neutrino beam from the racetrack FFAGs for
vSTORM using g4beamline. This is the first result of my g4beamline study for
the racetrack FFAG.

* The gdbeamline
* is very useful and easy to use. It is a geant4 based code.
 particle interaction with materials,
* tracking in magnetic fields,
* particle decays
« But it uses Runge-Kutta for tracking, not-symplectic

* not the best code to get accurate tracking result, in particular tracking in
a very long channel.

* tiny step size makes better tracking results, but needs long running time.

* | compared g4beamline’s tracking results with JB’s results to get a reasonable
step size.

* Then, | studied neutrino beam production from the FFAGs.



Study of Racetrack FFAGs for vSTORM

J B Larane and Y Morl roosed two racetrack FFAG for the deca r|n
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* They studied performance of these FFAGs by their original tracking code,
which cannot study decay of muon.



Muon decay Racetrack-FFAG ring
for vSTORM (Eu=2GeV)

designed by JB. Lagrange and Y. Mori (KURRI)
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JB’s Lattice for E,=2GeV, Ap/po=£16%

Advanced Scaling FFAG Muon decay ring with long straight sections.
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JB’s Lattice for E,=2GeV: Straight Section

Cell type DFD triplet
Number of cells in the ring 36

Cell length 6 m

o 16 m
m-value 3.9m™!
Packing factor 0.07

Collimators (Zmin, Tmaz, Zmaz) (15.5 m, 16.5 m, 0.3 m)

Periodic cell dispersion 0.26 m
Horizontal phase advance 13.0 deg.
Vertical phase advance 15.2 deg.
D; magnet parameters
Magnet center 0.2 m
Magnet length 0.1 m

Fringe field fall off Linear (Length: 0.04 m)

Bo(zg = 16 m) 0.712225 T
F magnet parameters

Magnet center 3 m

Magnet length 0.2 m

Fringe field fall off Linear (Length: 0.04 m)

Bo(zg = 16 m) -0.639761 T
Do magnet parameters

Magnet center 5.8 m

Magnet length 0.1 m

Fringe field fall off Linear (Length: 0.04 m)
Bo(zo = 16 m) 0.712225 T

Table 1: Parameters of the straight scaling FFAG cell.
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JB’s Lattice for E;=2GeV: Circular Sect

Cell type

Number of cells in the ring

Cell opening angle
0

k-value

Packing factor

Collimators (7min, "mazs Zmaz)

Periodic cell dispersion

FDF triplet
16
22.5 deg

16 m

10.85
0.9

(14.5 m, 17.5 m, 0.3 m)
1.35 m (at 2 GeV)

Horizontal phase advance 90. deg.
Vertical phase advance 22.5 deg.
F1 magnet parameters
Magnet center 4.1 deg
Magnet length 6.8 deg
Fringe field fall off Linear (Length: 0.1 deg)
By(ro = 16 m) -1.430895 T
D magnet parameters
Magnet center 11.25 deg
Magnet length 6.0 deg
Fringe field fall off Linear (Length: 0.1 deg)
By(ro = 16 m) 1.866669 T
Fs magnet parameters
Magnet center 18.4 deg
Magnet length 6.8 deg
Fringe field fall off Linear (Length: 0.1 deg)
By(rg = 16 m) -1.430895 T

Table 2: Parameters of the circular scaling FFAG cell.

Bcz — BOcz

k
F,

Boex = Be. (TO) .

from JB. Lagrange,

acc-kurri-1119-01-2011

L |

g

| I—

X

17.5

17

16.5

16

15.5

15

14.5

14

13.5

b ln]

13

on

= [m ]
Vertical magnetic field for 2 GeV muon reference trajectory
O 1 2 3 4 5 &

s [m]

Horizontal (plain red) and vertical (dotted purple) periodic betafunctions




JB’s Lattice for E,=2GeV: Beta and Dispersion
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JB’s Lattice for E,=2GeV: Tune Diagram

N
t AN

Figure 7: Tune diagram for muons from p,,, t0 Pmaer (£16% in momentum around 2.1 GeV/c).
Integer (red), half-integer (green), third integer (blue) and fourth integer (purple) normal resonances

are plotted. Structural resonances are in békbm JB. Lagrange, |[acc-kurri-1119-01-2011




JB’s Lattice for E,;=2GeV: Acceptance

Max amplitude 100 turns for po
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Tracking of JB’s 2GeV Ring by g4beamline
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Step size effects on the tracking



maxStep=100mm(default) vs 1Tmm

| Default step size of the gdbeamline

maxStep=100mm 5sec/event (144turns) maxStep=1mm 353sec/event (144turns)
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Vertical
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Comparison with JB’s tracking results
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Comparison b/w JB’s results

rund02
6 B | T T | T T T T T | T T T ] %\ 6_OI,I006 I I I I r I I I I r I I I I r IIIIIIIIIIII T T T T
S 6 makxStep=5mm AT = - maxStep=Smm.. ¥t .
g - - S E  4o.004 I TSN —
o 4  0.004 ”~, T A o, - L e ve ¢
< - " o T ¥ & - o o
oF So.002f o w0 e SRR %?.ooz :?..‘ T AN ]
B M " Y . oL ° H \ é. o e
oF ¢ 0of AR IRITE a— o : K -
— = ® 3 . — $ °
— -— LY 4 | 2
- - . .\-. o . . ‘-\. '.,-' ': ::..- L —N | ° . ® ... . .:. . .. R |
_2__ %O 0027 . T L e < ! l —2-_‘9‘ 002 r ..:.. ':. .. .."-:.-',.‘w,;-": .;.o.'_ oo 1 ]
B < o, i '_ L - ) o - & h“ 6..
-4— -0.004¢ fe - °-,.° e B .
B \ s . - -'.s'f. ] '4'-6_ 004 .. ) ... ' > R i ]
- ec/event {144ty T i i
_6 B 7|0-§ | §VZ% b 2 O 15&6 !LQé O 5 CI) O O 5 O 1 O _l 5 70s‘alclllelvelnltl (I1 4Ii4lfllfrﬁl Is? IIIII I 1 1 1 1 ]
157 158 159>< ml 16 161 D58 001 005 0 @055 011 0135 02
X (m) z [m] y (m)

The tracking results of gdbeamline show very good agreement
with the JB’s result.

| use maxstep=5mm in the following tracking.

* note: The grid size of magnetic field maps must be also
enough small to get reasonable accuracy.

Then, | turned the muon decay switch on to product neutrinos.



Neutrino production with JB’s 2GeV Ring
by g4beamline

Neutrino monitor
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Initial beam emittance of the muon

 Ellipse beam which is randomly generated on (X,Xp), (Y,Yp) with uniform
density. (by g4bl command: beam ellipse). | tried two cases:

e E=2.0GeV

« AX:0.075m, AXp:0.0050 rad
« AY :0.090 m, AYp:0.0035 rad
« AE : 0 GeV,

cE=2.0GeV £16%

« AX:0.125m, AXp :0.0050 rad
« AY : 0.090 m, AYp:0.0035 rad

At : Ons

« AE : 0.32 GeV, At : Ons

Beam size for E,=2GeV+16% is decided
from the dispersion, but no dispersion
matching was made in this simulation.
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Neutrino beam at the monitor : E,=2.0GeV % 0%
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Neutrino beam at the monitor : E,=2.0GeV % 0%

Entries
Mean

RMS

60 Underflow

Overflow
Integral

slope = 31 us

cf. VTu@Eu=2GeV = 43.8 US

W
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Some of muons lost in the ring?
Beam emittance was too large?
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Neutrino beam at the monitor : E,=2.0GeV * 16%
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Neutrino production from muon decay in flight

P, Michel Decay ™
240 T T T T T T T T T T T T T T T T T T T T T T T T T T E nnnnnn 100000

0.6994
220

E,=2.0GeV 323

0
160

* Energy conservation g

251404
100

* Momentum conservation

20

* Lorenz boost :

o_lII|III|III|III|III|III|III|III|III|III|II II|_

100000
7.194e-05
0.05406

389.2
398.1

rm s — 5 5 m ra d Integral 2.431e+04

Compare this with
the tracking results.




Beam gradient X, px/pz: run412: E,=2.0GeV £ 16%

Mgan
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14969 thick line : g4dbeamline
thin line : kinematical calc.
1290

1600
30

200

60
150

0
20)

(D/@/rﬂﬂ‘ﬁlow

02 -a5 -0l -005 0 nos 040 s 02



Beam gradient Y, py/pz: run412: E,=2.0GeV = 16%

PP
h—

400 thick line : g4beamline

Owierflow
140 thin line : kinematical calc. Tl

b2 s -01 085 0 005 0o ous 02
Effect of serpentine orbit at the straight section is

negligible in the gradient of neutrino beam, as expected.



Conclusions

* Advanced scaling Racetrack-FFAG rings have been designed by
JB. Lagrange and Y. Mori as a muon decay ring for the vSTORM.

« 2GeV ring: 2GeVx£16%, Ls=108m, La=50x2m
» 3.8GeV ring: 3.8GeV/cx16%, Ls=240m, LA=100x2m

* The first gdbeamline tracking for the 2GeV Racetrack-FFAG ring
has been performed. With maxStep=5mm and fine grid magnetic
field maps, the tracking results show very good agreement with
results from JB’s tracking code.

* Neutrino production has been also tried with g4dbeamline.
Profiles of the neutrino beam at Lp=26m was shown. They have
very good performance.

* This Racetrack-FFAG ring has enough space to handle the
injection of muon beam. Optics studies are needed for that.



