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The ESS Accelerators

e Accumulator Rin'gs' Provide

~ 1 ps Pulses of 4.68x10'™* ppp @ 50 Hz: Mean Power 5 MW

e Operation

1.334 GeV H Linac: Mean/Peak Current 80 mA/114 mA
Two Rings Operate in Parallel at 50 Hz

H Injection: Accumulate 2.34x10'* in each over 600 turns
'Chopped at Ring Revolution Frequency 1.242 MHz
Captured in Ring DHRF System: Extraction Gap

Fast Extraction and Transport to Target

° jLoW' Loss Design

Injection Line Achromat with 3 D Collimation of H’
Highly Opmmsed Injection: H-, H’, & removal

3 D Painting

~ 1 foil recirculations

e Concern here is loss once protons enter the Rings

Uncontrolied Loss < 1 W/m |
Total Uncontrolled Ring Loss ~ 0.01% (R=35m)



Ring Beam Losses

* Regular Loss - 50 Hz during operational running
(1) Expected Losses: Foil Interactions: 0.01 %

Transverse Emittance Growth
Momentum Tail

(iij Possible Losses: Unexpected, Errors  ? %
~ Allow for noﬁ-optimal conditions ~

e Severe Fault Loss — Diagnostics Turn Beam Off
~1 bé,d pulse lost Eefore beam tripped off ~

e Main Aims of Collection System
Localise ~ 1 kW regular loss: keep uncontrolled loss < 1 W/m
Minimise loss at extraction

Control losses due to non ideal / severe fault conditions

* Ability to control loss may determine highest inte@nsity



! Ring Beam Loss Collection Systems

_Machine Collimation Limits (7 mm mr)

Painted Beam Emittance - 150
Primary Collimation 260
Secondary Collimation 285
Aperture 480

| Extraction System 260-285

Momentum Collimation Idp/pl 20.8%

{1) Betatron (and Momentum Tail} System

Placement Dedicated Dispersionless Straight
| Importance Most Expected and Possible Loss
| Main Loss Effects | Foil Interactions, En:nttance Growth
Expected Loss Levels <1kW
Planes Horizontal and Vertical
Number of Collectors 1 Prim. and 2 (+2) Secs. per Plane

Relative Betatron Phases

0°, 90°, 164° (also 20°, 32°}

Jaw Configuration

Both Sides of Beam (Double Jaws)

(2 ) General Momentum System

Placement Dispersion Max after Coll® Straight
Importance Precaution

Muain Loss Effects Leakage from Betatron System., Ermrs
Expected Loss Levels <10W

Number of Collectors

1 Prim.




ESS Accumulator Rings
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Practical Considerations

Combine Horizontal and Vertical Jaws into Box Construction

Minimal Number of Mechanical Units: Active Parts Enclosed

Provide Collimation of Secondary Particles: Protect Quads etc

Layout of Collimator Boxes
| | Relative Lattice

Jaw Ideal Phase | Actual Phase | Position (m)

' | & & | & & |
Primary H&V | 0 0 0O | 0 0.1
Protective - - 20 20 4.4
Protective - - 32 | 32 8.4
Secondary H&V | 90 | 90 | 100 | 82 20.9
|__Secondary H 163 159 33.0
Secandary V 163 - 146 37.5

- Finite Igngtk Jaws Cover ~ 4°phase

Flat Rectangular Jaws: Options for Longt! Trans* Angles

Copper Primary (0.5 m), Graphite Secondaries (1.0 m)

Straight Enclosed in Concrete Shielding

Active Handling Concepts: Quick Installation/Removal

Active Collimation: Beam in Gap Kicker, Dipole Steering




Collimator Straight Layout
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Ring Collector Details
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~ Monte Carlo Simulation

Primary Protons Only
-All Important Processes
Multiple Scattering (Moliere)
Nuclear Inelastic/Elastic Scattering
Ionisation Energy Loss/Straggling
'3 D Model of Collector Jaws
Detailed Model of ESS Rings and Apertures

‘Treatment of Errors/Misalignments etc.

'Random Errors:  Quads k +0.5%

Alignment + 1.5 mm, £ 1.0 mr
‘Treat Many Loss Modes

All code tested against published/experimental data

Used selected GEANT, CERN, ACCSIM routines/methods.



Basic Tests: Check Transverse Collimation

* TestBeam: &&¢&: 0-480mmmmr  (uniform)
| 21 106% (uniform)
e Single Turn Results
R Loss Distribution
| BCelll [BCell2&3| PColl | Restof Machine
59.640.8% | 37.740.4% |2.440.1% | 0.3+0.1% (6.4*) |

* Very Small Variations due to Machine Errors

Collimated Halo ( wmm mr)

—90% 95% 99%
& | 27542 (301%) | 297+3 (334%) | 34413 (374%)
g | 270 | 288 331

* Worst Case Values with Machine Errors

. Multiple (10) Turn Results

Loss Distribution

BCelli

PCell2&3

P Coll

Rest of Machine

 67.0+0.8%

30.4+0.4%

2.340.1% |

0.3£0.1% (0.4*)

* Very Small Variations due to Machine Errors

Collimated Halo ( # mm mr)

90 95 99
g, | 23742 (243%) | 25143 (261*) | 261+3 (281%) |
, 237 250 260

- * Worst Case Values with Machine Errors



Summary of Simulation Tests

Basic Checks of Transverse Collimation

Transverse Collimation as a Function Qf Growth Rate
Collimation of Transverse Halo before Extraction
Momentum Tail Collimation

General Momentum Collimation

Foil Ihduced Loss Levels

" Effect of Jaw Geometry on Collimation Efﬁciency
Effect of Jaw Material on Collimation Efficiency

Effects of Machine Errors and Q Shifts



Basic Tests of Transverse Collimation
Single Turn

| -Input - Collimated

= Nanmaised Phawe Specw: Horizorsa: Plare - " Nomalised Phase Speve: Horizomel Plane
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Basic Tests of Transverse Collimation
| Single Turn

Input Collimated

Horizontal Ernnunm v8 Mormentum Error
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Basic Tests of Transverse Collimation
| Single Turn

Loss Distribution around Machine

Distribution of Loss Around Machine

Lattice Element



Basic Tests of Transverse Collimation
Multiple Turn

Input . Collimated

Normalised Phasa Space: Horizontsl Plane Nomaksad Phasa Space: Horzontal Plane
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- Basic Tests of Transverse Collimation
Multiple Turn

Input Collimated

Hofizontat Emittance ve Momentum Eror




Col’limatioh_ as a Function of Transverse Growth Rate

‘o Test Beam: ¢: Matched Contour with GR
0-260 T mm mr

- Ep
AP
P

+ £0.6%

Growth Rates (GR) at Primary 1, 10, 100, 1000 pm/turn

¢ Results
| Loss Distribution
GR | fCelll |PCell2&3| PColl Rest of

| | Machine
1 |53.5(40.3%) | 43.3(48.6%) | 2.5(6.5%) | (.7 (4.6%)
10 | 75.0(85.1%) | 25.0 (11.5%) | 1.0 (2.0%) | 0.4 (1.4%)
100 91.8 8.0 0.3 0.1 (1.5%)
1000 96.7 3.1 0.1 1 0.0(1.5%

* Worst Case Values with Machine Errors




Tests of Transverse Collimation with Growth Rate
Multiple Turn

Input | Collimated

Normﬁnl Phuge Spue- Hunzumi the




| Tests of Transverse Colhmatlon wnh Growth Rate
Multiple Turn

Loss Distribution around Machine

Digtributiin of Liws Arjurd Mackine
T

1 pm/turn

.10 um/turn

100 pm/turn

A i L i i i
% i} 0 ) 400 <] 100
Ltticy Elsmon
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Study of Collector Options (a)

Transverse Angle on Collector Jaw

~ Enhance impact depth and efficiency?

o Test Beam: &: matched contour with GR=10 um/turn
&: 0-260 tmmmr |

o 2 £0.6%
e Results |
Loss Distribution |
_GR | BCelll [BCell2 &3 | PColl | Rest of Machine
. 10° angle on primary | |
10 _87.0 12.1 0.5 0.4
| | no angles |
10 | 75.0 23.6 1.0 0.4
Longitudinal Angle

~ Jaws parallel to beam envelope: enhance removal?

o Test Beam: as above

e Results
| | Loss Distribution |
GR | BCelll [BCeli 2 &3 | PColl | Rest of Machine
longitudinal angles on all
10 77.8 21.6 (0.5 - 0.1
i | no longitudinal angles
110 ' 75.0 23.6 1.0 0.4




Primary Jaw Shapes

U

S

Single Jawed, Angled
X

r-qnm----- —\“&‘—

.‘/8pi

| Double Jawed, Flat

N /B

€:i=240 ® mm mr
£,=260 * mm mr

Combination



Study of Collector Options (b)
e Material for Primary Jaws
~ Relative advantage of high A materials?

‘e Test Beam: as above

e Results
‘ - Loss Distribution |
‘Materia | BCelll |BCeli2&3| PColl Rest of
1 . | | - | Machine
- C | 503 - 39,3 7.1 3.3
Cu 75.0 23.6 1.0 0.4
W | 896 10.0 0.3 0.1
Pt 90.8 8.9 0.2 0.1

Notes: - Geometry Identical in all cases
- Secondary Jaws Graphite in all cases



Variation of Beam Loss Distribution with anary Jaw
Material |
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Loss Distributions

¢ Expected Loss Distributions

- Depend on type of loss
~~  Real Distribution = Sum Over Loss Modes

Use ‘representative’ 10 um/turn Transverse GR

¢ Distribution around Machine

Lbss L.evels Peak at ~0.1 W/m for 1 kW _'I'otal _Loss

¢ Distribution in/near Collimator Straight
Most loss is on Collimators
~ Loss Rates For 1 kW Total Loss

1" Quads/Cell ~20 W/m
o Dipcles ~1 W/m

- Isa Rough Gmde More Detailed Ca.lculatxons Requlred |
- for Dose Rates etc.



Expected Loss Distributions: Whole Machine

For 10pm/turn horizontal growth rate (no errors)
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Conclusions and Future Work

‘& Summary
| Loss Control to 90-95% levels expec;ed -

Apertures selected work welﬁ
‘Main effect of errors is larger surviving halo

Simple design (aﬁprox, positions, ﬂai jaw's) works We_ll
- Transverse angles do improve efficiency with slow GR

‘Optimisation of design for loss/activation within collimator
straight to be looked at |

‘Verify code experimentally on ISIS



