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PETRA IV Accelerator Upgrade

PETRA IV project:
replacing PIII with an ultra low emittance ring (20 pm) adding a new Experimental Halls in two more octants

Parameter PETRA III

Energy [GeV] 6

Circumference [m] 2304

Emittance (hor./vert.) [mm] 1.3/ 0.013

Total current [mA] 100

Courtesy of R. Bartolini



Specification for Petra IV PMQ

§ Gradient: 120 T/m
§ Bore Radius: 11 mm
§ GFR: +-6 mm 
§ DG/G0: 5.10^-4 
§ Length: 0.169 m
§ Vertical gap: 8.8mm

ESRF PMQ Design Evolution

Magnet Performance Comparison

ESRF-EBS electromagnet

50kg
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Preliminary Design



200mm

360mm

§ Gradient: 120.8 T/m
§ PM: NdFeB Br=1.25T
§ Iron ARMCO

NdFeB

SmCo17

§ Gradient: 117.5 T/m
§ PM:SmCo17 Br=1.1T
§ Iron ARMCO § Few T/m for NdFeB to SmCo17 PM (negligible)

§ Use of SmCo17 for radiation damage resistance and temperature stability

First Results (2D Study)



• Moderate performance Bsat=2.15T 
@ 0.1T Excitation

• Cheap

• Best performance Bsat=2.35T @ 
0.01T Excitation

• Expensive

Ferromagnetic Materials performance
Iron ARMCO (XC06)

10 T/m Gradient gain using Vanadium 
Permendur Pole material (Vacoflux)

Field Map



§ Magnet Length: Lmag=0.169m
§ R0=8mm (measurement radius)

2D (one bloc magnet)

Integrated Harmonics (Ibn)

IG0=Ib2/r0

G0=IG0/Lmag

IG0=0.161/0.008= 20 T (Integrated Gradient)

G0=20/0.169= 118 T/m

Integrated Harmonics (Ibn)

3D (Longitudinal segmentation)

No Large difference for harmonics. 
optimization can be done in 2D

2D Vs 3D comparison



§ Objective: DG/G0: 5.10^-4, GFR: 6mm
§ Constraint: Limit Gradient reduction
§ Constraint: Vertical Gap

§ DG/G0< 5.10^-4 within GFR: 6mm
§ G=118 T/m
§ Vgap= 4.5mm

Initial

Optimized

Preliminary Shape optimization



Sqrt[∑bn²]

2D 3D

Sqrt[∑bn²]

Preliminary Shape optimization



Pole
yoke

Mag T

Mag R

Mag C

Name Fx [N] Fy [N]

Mag C -594 -91

Mag R 551 59

Mag T 35 1240

Yoke -300 -602

Pole -1505 675

¼ of the Magnet

x

y

Pole Force (Fx) distribution
(Deformation)

Fx [N]

Force Computation



Hd Max = ~ 892 kA/m Hd Max = ~ 470 kA/m Hd Max = ~ 536 kA/m

Mag C Mag R Mag T

Permanent Magnet demagnetization



§ Objective: DG/G0: 5.10^-4, GFR: 6.5mm
§ Constraint: Limit Gradient reduction
§ Constraint: Vertical Gap

Sqrt[∑bn²]

1.9x10^-4

Harmonics

Vertical Gap: 8.8mm Cutout for Pole positioning

G= 121.4 T/m

Shape optimization Update



Tuning Coil

Gradient Tuning

Iron ARMCO XC06 Pole

~0.08 T/m @ J=10A/mm^2

Tuning with top Permanent Magnet



Gradient Tuning

Moving Iron shim

~3 T/m



§ Temperature coefficient PM SmCo17: -0.033 %/deg
§ Temperature coefficient thermo shim: -1.7 %/deg
§ Thermal shim Thickness: 2mm

without thermo shim

0.03% Max Gradient variation

thermo shim Contribution

-0.01 T/m/deg

0.002 T/m/deg
Thickness:2mm

Compensated (thickness*1.18) 

Temperature Compensation



§ Sensitivity Study
§ Correction strategy
§ Mechanical Design
§ Prototype…

Next Work


