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Abstract 2 PREDICTED BEAM AND RMS FIT TO

LINAC CODE

Quadrupole scans were used to characterize the trans- o ]
verse beam of theepa RFQ. The original scan data, ob- Al graphs in this paper compare the measured profiles
tained when the4EBT was installed immediately down- at the wire scanner wittMPACT simulations that transport
stream of therFQ, were reanalyzed by fitting to the 3-D the beam from th&FQ exit to the wire-scanner location.
nonlinear simulation codePAcT. All the data in the mea- 1 he different cases correspond to different initial beams
sured profiles at the wire scanner were used, not just tkB&ams at th&rFQ exit). Figure 1 compares the measured
rms widths. The measured and simulated profiles still haRyofiles with IMPACT simulations using as input th?EE!:Q
differences in their shapes that have not been explained. R4tPut beam predicted by tFaRMTEQM RFQsimulation

improved model is required to get better fits and may resufde: The top row shows profiles for three values of Q2
in more accurate emittance measurements. for thez scan and the bottom row shows profiles for three

values of Q1 for the scan. In both cases, the graph in the

middle shows the profile having a width near the minimum.
For gradients larger than a certain value (near beam size
1 INTRODUCTION minimum), the measured profiles had a shape consisting of
a triangular base (tail) and a narrow core. For these beams,

Analyses of quadrupole-scan data to determine trandl€re is a waist upstream of the wire scanner. The simulated
verse proton beam properties of the 6.7 Mesba rrq  Profiles did not exhibit this change in shape for higher quad
have been presented[1, 2]. In these experiments, there w&HENItS. _ _
four quadrupoles in theEBT between thekFQexitand the ~ Figure 2 compares the measured profiles WRACT
beam stop. The gradient in one of the two quadrupolédmulations using as input tif-Q beam determined by fit-
just downstream of theFQwas varied while the beam was ting the rms widths ta.INAC code simulations[2]. In the
observed at the wire scanner near the end ofitter. Pro-  Z direction, the profiles for the rmsNAc fit are similar to
files were recorded for various values of the gradient. Fh€ PARMTEQM predictions, although the fitted emittance
anz scan, Q2 was varied. Forscan, Q1 was varied. IS larger than the prediction, as shown in Table I. Forithe
In both cases, Q3 and Q4 were off. As the gradient of thidirection, the agreement for the fitted profiles is improved
varied quad was increased, the beam size, which startg@mpared to theARMTEQM prediction and the emittance
with a large value, decreased to some minimum and théhagain larger than predicted.
increased again. To determine the Courant-Snyder param-
eters of the beam at tlerQ exit, we fit the rms beam size 3 FITTING TO IMPACT CODE
as a function of the quadrupole gradienttoace 3-b and - .

LINAC code simulations. TheRACE 3-D envelope (mo- In fitting to the nonlinear 3-DMPACT code, we used all

ment) code includes 3-D space-charge effects but not no?l?—e prozlefd?]ta,lrlot JlIJSt thef rmzs wzjt?s. Forhm?csns,l

linearities, while the particle codaNAc includes nonlin- or eac ofthe - va Eesd'?f Q anb or eac ho thers d

ear space-charge effects butis (not 3-D). _posﬂm_ns oft eW'“?'t € difference etween t '€ measure

_ _ intensity and the simulated intensity at the wire position

In the present work, we fit the same experimental dai@as computed. It is the sum of the squares of these 561

to theIMPACT code, which is both nonhqear and 3-p. AN-differences that is minimized by varying the values\gf

other new feature of the present work is that the fits ming  ande, of the input beam (beam aEQ exit).

imize the error in the detailed shapes of the wire-scanner rigyre 3 compares the measured profiles withaCT

profiles, not just their rms widths. simulations using as input the best fit to theeacT model.
better than either the prediction (Fig. 1) or the ronsac
. i ~ fit (Fig. 2). For the larger gradient values, we still do not
U Cz:fiogéigy%léin'zgihgf;'gshc:o?oeéinse Programs and the Office §{,, 6 the small core and large triangular tail seen in the mea-
t wpl@lanl.gov surements. As seen in Table |, the emittance values for this
¥ present address: LBNL, Berkeley, CA 94720, USA IMPACT fit (labeledimPACT fit 1) are smaller than for the
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Figure 1: Comparison of measured profiles wittPACT simulations usin@RFQ output beam predicted IBARMTEQM.
The top row showg profiles for three values of Q2 and the bottom row shgwesofiles for three values of Q1.
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Figure 2: Comparison of measured profiles wifPACT simulations usinqRFQ output beam determined by fitting rms
widths toLINAC simulations. The top row showsprofiles for three values of Q2 and the bottom row shgvpsofiles
for three values of Q1.
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Figure 3: Comparison of measured profiles WMIPACT simulations usingrRFQ output beam determined by fitting profile
shapes toMPACT simulations. The top row showsprofiles for three values of Q2 and the bottom row shgvpsofiles
for three values of Q1.

problem with our model. Some physics is missing in our
simulations or the beam coming from tlR&Q has some
additional structure that cannot be described by the three
Courant-Snyder parameters. Space-charge effects are sig-
nificant only just downstream of threrQ exit; it is unlikely

that the very asymmetrical beam in theBT is generating

Table 1: Courant-Snyder parameters for variee® exit
beams (unnormalized values). The dashed curves of Fig
correspond toMPACT fit 1.

Courant-Snyder parametersardirection

RFQexitbeam ay Ba € VBe€x Y ° )~ ]
(mm/mrad)  (mmmrad)  (mm) the strange profile shapes. This has been verified by studies
PARMTEQM 1.59  0.398 2.03 0.899 usingIMPACT and theTRACE 3-D code.
LINAC fit 1.79  0.358 2.11 0.869 Table | also shows the value of the quantige)'/? for
IMPACT fit 1 245  1.21 1.78 1.47 the various beams. These are the rms beam sizes at the
IMPACT fit 2 230 1.39 1.47 1.43 RFQ exit. These quantities are nearly the same for all the
IMPACT fits, even though they have quite different emit-
Courant-Snyder parametersymlirection tance values. It appears that the quad scans may be better
RFQexitbeam  q By €y VBuey at measuring the beam size at ttep exit than emittances.
(mm/mrad)  (mmmrad) (mm) Clearly, we have to resolve the discrepancy between the
PARMTEQM —2.74  0.726 2.04 1.48 measured and simulated profiles to get good fits. An im-
LINAC fit —2.48  0.892 2.62 1.53 proved model may result in more accurate emittance mea-
IMPACT fit 1 —-3.54 1.61 1.38 1.49 surements.
IMPACT fit 2 —3.40 1.19 1.80 1.46
predicted onLINAC-fit beam. Also shown in Table | is an- 5 REFERENCES
Othe_”MPACT ﬁF (labeled Tit 2), Ob_tai_ned_ using different [1] W.P. Lysenko,et al, “Determining Phase-Space Properties
starting values in the nonlinear optimization. Ba#PACT of the LEDA RFQ Output Beam,” Proceedings of the XX

fits are about equally good in terms of the least-squares er- |nternational Linac Conference, Monterey, CA, USA, August
rors (not shown) but correspond to quite differentemittance 21-25, 2000, pp. 809-811.

values (and the other Courant-Snyder parameters). [2] M.E. Schulzegt al., “Beam Emittance Measurements for the

Low-Energy Demonstration Accelerator Radio-Frequency
4 DISCUSSION Quadrupole,” Proceedings of the XX International Linac
Conference, Monterey, CA, USA, August 21-25, 2000, pp.
Fitting with a 3-D nonlinear space charge code, using 575-577.
all the data instead of just the rms widths, still did not re-
sult in simulated profiles that looked more like the mea-
surements for the larger quadrupole gradients. There is a
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