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INJECTION IN THE LINAC
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THE HIE-LINAC UPGRADE
• REX-LINAC:

• HIE-LINAC:

• MODULAR INSTALLATION OF SC CRYOMODULES

• ACCELERATION TO 10 MeV/u
16 m
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MICRO BUNCH IN THE LINAC
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First time of microbunch
length measurement at REX-
ISOLDE
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• EASY WAY: TO CHOP THE BEAM AT THE END OF THE LINAC, 
BUT THAT MEANS TO LOSE 90% OF THE BEAM

• DIFFICULT WAY: ADD A PRE-BUNCHER UPSTREAM OF THE

RFQ. WE CAN PRESERVE AT LEAST 80% OF THE ORIGINAL

INTENSITY

TOWARDS A 100 NS BUNCH SPACING
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We can minimize the 
tail down to 10% 
intensity, can you 
live with that?
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CASE OF CHOPPER AFTER THE SC-LINAC

• REQUIRED VOLTAGE IS 45KV FOR A/Q=4.5 AND ENERGY

OF 10MEV/U FOR 1MRAD DEFLECTION! 

CASE OF CHOPPER AFTER THE IH-STRUCTURE

• NEED ADDITIONAL SPACE BEFORE THE SC LINAC (MAJOR

CHANGE IN THE LAYOUT) (AT LEAST AT COUPLE OF METER)

• VOLTAGE REQUIRED IS STILL HIGH: 6KV FOR A/Q=4.5 AND

ENERGY OF 1.2MEV/U FOR 1MRAD DEFLECTION

CHOPPER/KICKER
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THE HIE-LINAC UPGRADE

• A TOTAL OF 32 SC CAVITIES AND 8 SC SOLENOIDS HOUSED IN 6 CRYOMODULES

– 12 LOW-BETA (β = 6.3 %) AND 20 HIGH-BETA (β = 10.3 %) QUARTER-WAVE RESONATORS

– CAVITY GRADIENT SPECIFIED AT 6 MV/m

– SOLENOIDS SPECIFIED AT 16.1 T2 m
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ENERGY REACH (*A/Q = 4.5)
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INSTALLATION PHASE ACHIEVABLE BEAM ENERGIES* 
(MeV/u)

LINAC INFRASTRUCTURE

REX 0.3, 1.2 – 2.8 EXISTING

STAGE 1 0.3, 1.2 – 4.3
0.3, 1.2 – 5.9
0.3, 1.2 – 7.6
0.3, 1.2 – 9.3

REX + 1HB CRYOMODULE

REX + 2HB CRYOMODULES

REX + 3HB CRYOMODULES

REX + 4HB CRYOMODULES

STAGE 2 0.3, 0.5 – 10.0 REX RFQ + IHS + HIE-LINAC
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• THE VELOCITY PROFILE IN THE SC LINAC IS FLEXIBLE DUE TO THE SHORT AND INDEPENDENTLY

PHASED QWRS

• A/Q ACCEPTANCE OF REX: 2.5 < A/Q < 4.5

FULL ENERGY FLEXIBILITY
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KEY POINTS IN THE OPTICS DESIGN
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• IN-LINE LONGITUDINAL MATCHING SECTION

– SAVING VALUABLE SPACE IN THE ISOLDE HALL

– USE THE FIRST SC CAVITY AS A BUNCHER WITH THE BUNCHING DRIFT USED WITH A SOLENOID

• NO DEDICATED TRANSVERSE MATCHING SECTION BETWEEN LOW AND HIGH ENERGY SECTIONS

– MATCHING CAN BE DONE IN-LINE

• ASYMMETRIC LATTICE IN THE HIGH ENERGY SECTION
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BEAM DYNAMICS STUDIES
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• SPECIFICATION OF THE STRENGTH OF THE SOLENOID FOCUSING CHANNEL

– CHOSEN AT 90° PHASE ADVANCE PER SOLENOID PERIOD.

– DECOUPLES THE EFFECT OF THE LONGITUDINAL EMITTANCE ON THE TRANSVERSE DYNAMICS

WORKING POINT:
16.1 T2 m
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REX BEAM PARAMETERS
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• AS INPUT PARAMETERS FOR THE HIE-LINAC SIMULATIONS

• TRANSVERSE EMITTANCE MEASUREMENTS MADE BY D. VOULOT IN 2006:

MEASUREMENT TRANSMISSION

(%)
εn,rms

(π mm mrad)
εn,90%

(π mm mrad)

RFQ (0.3 MeV/u) 75 0.03 0.16

9GP (2.85 MeV/u) 90 0.06 0.30

INPUT FOR HIE-LINAC
SIMULATIONS

(6D WATERBAG DISTRIBUTION)

N/A 0.07 0.30
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REX BEAM PARAMETERS
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• LONGITUDINAL EMITTANCE MEASUREMENT MADE AT RFQ AND 7GP3 ENERGY

MEASUREMENT TRANSMISSION (%) εn,rms

(π kev/u ns)
εn,tot

(π kev/u ns)

RFQ (0.3 MeV/u) 50 0.18 ± 0.02 1.62 ± 0.18

7GP3 (1.96 MeV/u) 80 0.35 ± 0.04 3.15 ± 0.36

INPUT FOR HIE-LINAC SIMULATIONS

(6D WATERBAG DISTRIBUTION)
N/A 0.5 4
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HIE DIAGNOSTICS
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• FRANCESCA ZOCCA HAS BEEN DEVELOPING A SI DETECTOR SETUP FOR LONGITUDINAL BEAM

DIAGNOSTICS AT HIE-ISOLDE

• TIME STRUCTURE AT 2.85 MeV/u AFTER 9GP

• SPECTROSCOPY ON AN A/Q = 4 STABLE BEAM

16O4+12C3+

20Ne5+

He+
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HIE DIAGNOSTICS
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• DEMONSTRATED THE PRINCIPLE OF CAVITY PHASE-UP USING 7GP3

• ALSO USED TOF BUT REQUIRE A CHOPPED BEAM TO PHASE UP A CAVITIY QUICKLY.
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HIE DIAGNOSTICS
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• LONGITUDINAL EMITTANCE MEASURED USING THE SILICON DETECTOR:
– IN THE ENERGY DOMAIN WITH THE REBUNCHER

– IN THE TIME DOMAIN WITH THE 7GP3

– DATA ANALYSED A NOTE WILL BE PUBLISHED SOON
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HIE TIME STRUCTURE

SLIDE 18 OF 27

• SC LINAC CW BUT BEAM TIME STRUCTURE WILL BE IDENTICAL TO REX

ENERGY

(MEV/U)
TIME STRUCTURE AT 

HIE-LINAC EXIT
(RF BUNCHING INSIDE EBIS PULSE)

LINAC SECTION UTILISED

0.3 DEBUNCHED RFQ

0.5 – 2.4 DEBUNCHED SC (FIRST CRYOMODULE OF 
LOW ENERGY)

2.4 – 10.0 BUNCHED SC (HIGH ENERGY)

* A/Q = 4.5
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HIE BEAM PARAMETERS*
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• REALISTIC BEAM PARAMETERS AT HIE-LINAC EXIT:

* A/Q = 4.5 @ 10 MeV/u

PARAMETER VALUE UNITS

ENERGY 0.3, 0.45 –
10

MeV/u

εT,norm,rms / εT,,norm,tot 0.07 / 0.60 π mm mrad

ΔεT < 5 %

εL,norm,rms / εL,norm,tot 0.52 / 4.2 π keV/u ns

ΔεL 5-10 %

TRANSMISSION >99 %
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DECELERATION
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• REQUIRE CAREFUL PHASING OF THE CAVITIES TO CONTROL THE BEAM STEERING AT LOW

VELOCITY.

• USE JEAN DELAYEN’S 2ND ORDER FORMALISM TO CALCULATE ENERGY GAIN AND TO

CORRECTLY PHASE THE QWRS.
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DECELERATION*
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* A/Q = 4.5 @ 0.45 MeV/u

PARAMETER VALUE UNITS

ENERGY 0.45 – 1.2 MeV/u

εT,norm,rms 1.0 π mm mrad

εL,rms 10 π keV/u ns

TRANSMISSION 97 %



HEBT
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• BEAM SPOT SITE AT EXPERIMENT:



rms n,rms()reltwiss
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HEBT BEAM DYNAMICS
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• DO YOU NEED A BUNCHED STRUCTURE? IF SO WHERE?

• DO YOU NEED A RE-BUNCHER ONLY IN CASE OF THE 100NS

BUNCH SPACING?

• CAN YOU ACCEPT A DISPERSION FUNCTION DIFFERENT

FROM ZERO IN YOUR SPECTROMETER?

• WHAT IS ENERGY SPREAD AND BUNCH LENGTH DESIRED AT

THE TARGET POSITION?

• WHAT KIND OF ENERGY RESOLUTION DO YOU NEED? 

OPEN QUESTIONS

THANK YOU FOR YOUR ATTENTION
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