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1. Introduction

Beam loss limit of the China-ADS Driver linac:

Max. beam power: 15MW, to fulfill the 1W/m requirement,
the beam loss rate has to be controlled down to 7x108 /m.

. The max-No.-loss-particle perm 108 particles .
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1. Introduction

35keV  3bkeV 3. 2MeV 3. 2MeV bMeV

@—l LEBT l( RFQ ()l MEBT l( CM1 ()l( cM2

The Injector-I testing facility is being built in IHEP.

It Is composed of: ECR ion source, LEBT, RT RFQ, MEBT
line and a superconducting section.

The beam dump line is used for transporting the proton beam
out of the SC segment to the beam dump.

The front end from source to RFQ has been installed in the
IHEP campus, and 90% beam duty factor has been achieved
with 90% transmission out of RFQ.



2. Lattice design: SC section
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_ —a— Nominal dynamics design
Cavity design specification
Cavity test result
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Cavity number

Vcav0=0.8MV, TTF=0.76, Eacc0=5.53 MV/m.

The maximum Spoke(012 cavity voltage and gradient
used in the nominal dynamics simulation are
Veav=1.1XVcav0=1.1X0.8MV=0.88MV/m and
Eacc=1.1 XEacc0=1.1 X5.53MV/m=6.08 MV/m,

respectively.

The achieved gradient 6.SMV/m by the Spoke(12
cavity prototype test can satisfy dynamics requirement.

Spoke012 cavity prototype test
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I 2. Lattice design: SC section

Solenoid strength
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I 2. Lattice design: SC section




I 2. Lattice design: SC section

Avoiding the longitudinal parametric resonances

When filling factor is considered
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2. Lattice design: SC section

Avoiding the transverse and longitudinal coupling

1. The linac is designed with fixed phase advance ratio to fulfill

the equipartioning condition and give a current free design:

ko _ (3gm 1)1,2
k, 2&, 2
2. The longitudinal emittance out

of RFQ is designed to be smaller

than transverse to give maximum

longitudinal acceleration; T o 1.5 25 3
kz / kxy

3. The working points are distributed around the equipatition line and
between the k, /k, =1and k /k =2stop bands.



2. Lattice design: SC section

Avoiding the transverse structure resonances
o, <60°

To avoid the 2nd / 4t
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2. Lattice design: SC section

Acceptance

Transverse acceptance: 7.8 times (aperture/ rms beam size)
The absolute value of synchronous phase is bigger than 6 times of the
rms phase width. The longitudinal acceptance is 6.3 times™.

g FlotWin — CEASDSH Tr £u/SACH
Absolute synchronous phase } Ele:0[0m] NGOOD : 990720 / 990720

— 6 times rms phase width P(deg @325 MHz) - W(MeV)
— 7 times rms phase width [ |

Phase (degree)
(@) ]
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* The acceptance is calculated over the entrance emittance including 95.4% particles (Gaussian distribttion)
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3. Beam dynamics: conditions

SC section

RFC MEET

TraceWin program is used for beam dynamics and error analysis;

Using RFQ simulated output:

Simulated with Parmteq.

6d waterbag input with 100000 macro particles for the RFQ entrance.
Normalized rms emittance in x and y: 0.198 z.mm.mrad /0.199 7z.mm.mrad.
Normalized rms emittance in z: 0.159 z.mm.mrad (i.e. ,0.058 & .deg.MeV).

Integrated with MEBT;
3d cavity and solenoid fields are used in the multi-particle simulations;

1000 seeds are generated randomly for the error analysis of each
scenario. y
e



I 3. Beam dynamics:

RMS envelope evolution
Output beam energy: 10MeV
Integrated with MEBT:
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I 3. Beam dynamics:

Normalized RMS emittance evolution
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4. Error analysis

Misalignment & RF error settings in beam dynamics

Error amplitude

Error type Buncher / Cavity Q / Solenoid B magnet
Static  Dynamic  Static Dynamic  Static Dynamic

x (mm) 0.1@ 0.002/0.01 0.1 @ 0.002/0.01 0.5 0.005

Displacement oy (mm) 0.1/1 0.002/0.01 0.1/1 0.002/0.01 0.5 0.005

Rx (mrad) 2 0.02 2 0.02 2 0.02

Rotation Ry (mrad) 2 0.02 2 0.02 2 0.02

Rz (mrad) 2 0.02 2 0.02

Gradient og (%) @ 0.25 0.5 0.05 0.1 0.05

RF phase 00 (° ) @ 0.25

ey @m0 0000

The BPM uncertainty is assumed to be 0.4mm.
All errors are uniformly distributed between the +/- maximum values.



4. Error analysis

Injector-1 SC section

Error analysis with nominal RF errors and misalignments

With doubled nominal RF errors and misalignments.

Error analysis with input beam 50% emittance deviation.

Error analysis with input beam 100% emittance deviation.

With misalignments & RF errors:

Superconducting linac of injector-I

Double the misalignments
& RF errors: Superconducting linac of injector-I

Input Beam errors: beam displacement
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Error analysis:

Superconducting linac of injector-I

* RFQ Emittance growth 100%0 up

RFQ output emit. growth 50% up:
Superconducting linac of injector-1
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I 4. Error analysis
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5. New injector-1 design with better acceptance

Spoke012 vertical test results@20141023

Max. Eacc of 14.1MV/m ( Bpeak=90.2mT, Epeak=63.5MV/m ) @Q0=3.0e8
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5. New injector-1 design with better acceptance

90
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and the first cavity sync. phase of the second CM!!
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5. New injector-I design with better acceptance

Flotfin - CEA/DSM/Ir fu/SACH Flot#in — CEA/DIM/Ir fu/SACH
Ele: 0 [0 m] NGOOD : 990720 / 990720 Ele:0 [0 m] NGOOD : 990720 / 990720
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* The acceptance is calculated over the entrance emittance included 95.4% particles (Gaussian distribution)
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S. New injector-I design with better acceptance

Longitudinal mismatch of the new design

Old design
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S. New injector-I design with better acceptance

X&Y (mm)
h o »

Transverse & longitudinal envelope evolution
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6. Summary

To control the possible beam halo growth in the
Injector-1 SC section, several aspects are considered
to get a stable design:

AVOIC

AVO0IQ

AVOIC

Ing t
Ing t
Ing t

ne longitudinal parametric resonances

ne transverse structure resonances

ne transverse and longitudinal coupling

And design with bigger longitudinal acceptance can
Improve the sensitivity of the basic design.



Thanks !
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