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Problem with Simulating Beam Loss

« Simulations prove very accurate at tracking RMS values of
beam (such as size).

« Simulations can not accurately predict beam halo formation
or beam loss:

— Simulations should be sophisticated enough to track the
formation of beam halo and predict beam loss.

— LEDA experiment shows problem may lie in an incorrect
guess for the initial beam distribution.”

* Qur goal is to measure the beam distribution that leads to
beam halo formation. (Not to measure the actual halo.)

*J. Qiang, P. L. Colestock, D. Gilpatrick, H. V. Smith, T. P. Wangler, and M. E. Schulze
Phys. Rev. ST Accel. Beams 5, 124201 (2002) — Published 13 December 2002.
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Current Phase Space Measurements

« 2D scans measure distributions inside a 2D phase space:
(x, X) or (y, y') or (z, E).

* The three two dimension phase spaces are combined for
a full six dimensional distribution.

— This method cannot show any relations between variables in
different axis. Ex: no (x, y’)

]ZD(X,X') JFZD(yay') ]{QD(ZaE)
Typically, , :
Ll 2NN Y
projections:
> > >
X y Z

Combine assuming no other relationships between variables

Jsap = Fop (66X % fL0(0, ¥') * fop (2, E)
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True Six Dimensional Scan

» Must fully scan initial distribution over all 6
iIndependent parameters.
— Only way to find correlations between any variables.

» Correlations could exist due to:
— Skew magnets
— Solenoid focusing
— Space charge

S X)* LY * (2 E)# fop (X, X, 0,0, 2, E)

\ ' ) '

Assumes all cross-terms =0 Includes cross-terms:
[(x, ), (x, "), (x,2),
(x, E),(y,x")...]
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2D emittance using slit-slit technique

_ JA-A
lpc = fz(J’»Y)T

wp, Imradg

(8 x| 22 0.4 1 4 32 i1 ha
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4D emittance measurement
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Full 6D Scan
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Bunch Shape Monitor principle of operation

» Deflecting a 2.5 MeV proton beam directly with an RF cavity is

expensive.
« Used to measure the longitudinal time profile at picosecond
scale. Focusing
potential

Faraday Cup
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Signal strength estimate

2
exp( - x22_ x’22 - y22_ ylz - Wz - (p22>
0 813 Ox Ox1 Oy Oy Oy Oy

[~ exgé'g") A"

« If4/; =~ 0.2, after 6 slits, we geti =~ I, 2.6 -1077- exp(...).

 Fora current of I, = 32 mA and beam pulse of T = 50 us,
we get N, =~ 1013 particles.

» The number of particles after 6 slits is Nf;,q; = 2.6 - 10° at

the distribution centerr =0
— Nfingr = 1.6-10° at r=10
— Neing = 2.9-10* at r = 3 ¢ € Limit to Faraday cup sensitivity

— Nfinal ~97 atr=5¢
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6D Scan Mechanics

 Diagnostics exist for each phase space, but time is the
constraining factor.

 This is further compounded by the need for averaging.

D
y N.. =m

bins

For a course D=6}%N ~10°

y
measurement: m =10 e

Scan rate 1 step/sec: 108 sec = 280 hrs
Scan rate 10 step/sec: 10° sec = 28 hrs

Because of this, a six dimensional measurement has
never been done before.
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Speeding up scan in longitudinal phase space

.agnet -nagnet .nagnet

energy selection slit :
| | RF deflector

‘ ‘ RF deflector
view screen

time selection
slit

view screen

u . ' i digital camera

~10 times faster
Faraday Cup or

other detector . »
~10 times faster

digital camera

« 2D optical readout has advantages and disadvantages

— faster

W

— smaller dynamic range of charge-to-light-to-charge conversion
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SNS Beam Test Facility (BTF)

2.5 MeV
<50 mA

Current

Pulse width <1ms

Rep rate <60 Hz
Beam Power <7.5kW

u | [ S——
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BTF MEBT
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Bunch Shape Monitor
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BTF MEBT

OAK RIDGE |pataron

. National Laboratory | SOURCE




X-Y Slits arrangement

e

200-by-200 pm aperture
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Bunch Shape Monitor

¢ TECHMIC
.......

~ 3

OAK RIDGE | 25canon

National Laboratory | SOURCE



= :
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1D Scan Results
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2D Scan Results

Transverse Position Distribution
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- 2D Scan Results
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Near Term Research Goals

* Perform 4D scan and optimize it for minimal scan time and
Improved resolution.

* First 6D scan by January 2017.

» Add another dipole followed by FODO line after MEBT on
BTF to test halo formation with matched/mismatched
settings. Compare results with measured distribution.
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