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CHESS-U upgrade: general information

Before: After:
E=5.3 GeV,; two (e+/e-) beams; ex = 140 nm-rad E=6 GeV; One (e+) beam; ex = 29 nm-rad
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May 29 2018, Single beam operation

June 9 2019, Single beam operation
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CHESS-U upgrade: new magnets
Dipole-Quadrulole (DQ) (12) . —

DQ dipole trims (24) :
Quadrupole Magnets (24)

Vertical Steering (12)

Skew Quads (Panofsky style) (12)
CHESS Compact Undulators (CCU) (8)
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CHESS-U girders, Sept 2018 Cornell Compact Undulators (by KYMA)
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Instrumentation

Magnetic field sensors: 3-axis Hall Probe, Vibrating Wire

_. | Vibrating Wire
B— moving stage

Girder-Bench Top view

Vibrating Wire setup:
* 0.1mm Copper Beryllium wire, length ~ 5.5m,
« f1~21Hz, Sag ~ 0.695mm
« Wire position sensor assemblies on both wire
ends. Assemblies are mounted on platform moving with stages

Hall Probe Setup (SENIS F3A Magnetic Field Transducer):
« High spatial resolution (By: 0.03 x 0.005 x 0.03mm?; Bx and Bz: 0.15 x 0.01 x 0.15 mm?3)
« High angular accuracy (orthogonality error less than 0.1°)
« HP was Mount on Newport stages providing 3D positioning with ~0.001mm accuracy.
* Was calibrated against PT2025 NMR Tesla-meter.
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Instrumentation: Hall Probe Characterization

Transducer Calibration Field Components de-coupling correction

with NMR Tesla meter Magnet with flat geometry and flat

—— magnetic field e
PM blocks

~ -

Very flat field

THE L.S. STARRETT Co. ATHOL.MASs. U.S.A.

0.042 mrad (0.0024deg)/div

RefMag_z-scan-031319(1) 4:24:07 PM 3/16/2019 Reference Magnet z-scan,
Bx vs By with no correction applied
Bl T T Es file: RefMag_z-scan-031319(1)
Hall Senser Volatege calibration against 10
NMR_Probe Metrolab PT 2025 B witno 4P ol corecion
03/14/19 Annex,CHESS SO0 a s 8 &
6000
]
y=m1+m2*ho 1500 |- By i S Bx before .
L Val E = 4 - H
500 m —a.:s:: 0.:3:3[?204r and after 1 - Lo
m2 | 20019 0.2a784 z s = R
— Chisq| 15267 NA & 1000 | 2 z X - o
R 1 -
o 1"1 1° B
% 4800 1 0 hf“wl | “J N ':_':'_ o ‘f:”"ﬂv;":j“"’m Error
m \! fl | 4 . m1 -0.76508 | 0.072015
i vl LJll 1|||‘I-q;|‘ ‘M | n |llh‘ "|'f|‘|‘|\ i |‘.._,|, Bl B 0 L m2 | 00029448 | 7114805
4000 |- 0 l wm ler' i | “ (i | !l ik VTR I N Cms; 0?23713 :i
3500 HP Colibartion: i 500 f i 5 0 500 1000 1500 2000
2001.9+-0.29 [Gauss / Volt] ’ 5 amm) 00 10 Byial
000 L ‘ . ‘ . ‘
e e 2 22 24 20 28 Bx before and after introducing de-coupling correction. dBx/dBy = 0.00294+-0.00007
Hall Probe Voltage [V] -
Presidion ~ 0.07 mrad (0.004 deg)
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Magnetic Alignment procedure: sequence

1. Align girder (fiducials) parallel to Hall Probe Path

2. Establish Vibrating Wire position in respect to girder fiducials

3. Establish Hall Probe position in respect to wire

4. Place wire on beam axis on Q1/Q2 side and align Q1/Q2 magnetic axis to the
wire

5. Energize DQ and minimize yaw, pitch, vertical offset and roll.

6. Take DQ 2D field map, simulate beam trajectory, find field gradient integral

along trajectory (2-3 iterations) and determine nominal current.
7. At nominal current take 2D field map (all 3 components), simulate beam
trajectory and adjust DQ position to place this trajectory on desired location.
8. Survey and record position of the magnets on the girder with optical
Instruments.
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Establish Vibrating Wire position in respect to
girder fiducials

L

~
S 1

Wire is free

L

Wire is in contact with fiducial (dowel pin)

0.13

Two consecutive measurements

file: Monument_touching_x_030217_2(1)

file: Monument_touching_x_030217_2 (2)

Vibrating Wire position sensors mounted
on platform

L | = E— ' Pin touching coordinate [mm]
- "N o b Leaa 1 Measurement # Try #1 Try #2 Try #3
g z | 1 -80.985 -80.981  -80.987
g onp i . . _fé oot | odching at \ ] 2 -80.985  -80.982 -80.987
E 8.5989+-0.0033 mm % 2 8.5957+-0.0035mm " 3 -80.986  -80.982 -80.986
g or 12 N 1 4 -80.984 -80.981  -80.986
3 _ N —2— Free Moton \ 5 -80.985  -80.981  -80.986
§ 0 o L 5 .| E= -80.985 -80.9814 -80.9864
ol 8. S std0 mm] 0.00071  0.00055  0.00055

g std (try-to-try) [mm] 0.0026
o 8‘.4 8,‘48 8.I55 8,I64 8.;’2 8‘,8 = 8‘.4 3.‘48 6.;5 8.I64 8.;’2 8‘,3
VW stages horizontal position [mm] VW stages horizontal position [mm]
Between each try, fiducial pin was removed
and reinstalled.
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Axlr.u] - Bgr

Establish

Hall probe position in respect to Vibrating Wire

Reference PM quadrupole

S

Reference PM quad x-scan with Reference PM guad x-scan with
Vibrating Wire Hall Probe
. 10 : | : .
0.006 - A \ X_axis = 65.878 + 0.00075 mm
x_axis = 64,623 +- 0.00056 mm /) \'
0004 - " 5+ €
o~
. £ .
0002 - . &, ~
: & Of RN
g N
0 - / %
/'/. 0 \'\'\
-0.002
2 ! \
-
0004 - & 10 \ .
P e
-0.006 ~
: : : 5 . . i .
64.58 846 8484 6468 6472 oo 656 658 5 602 66.4
x(mm] x[mm] in Hall Probe Coordinate System

I I

Vibrating Wire CS

Hall Probe CS

55R) Cornell University
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64.623

65.878

+-0.00058

+-0.00075

- Bgr

Aylr.u]

Vertical Scan

Reference PM quad y-scan with

Vibrating Wire
0.002 T T
9/‘/-
o y_axis =-10.884 +- 0.00098 mm V% B
o
o
-0.002
»
.
»
-0.004 - L®
.
.
»
-0.006 /-,
-0.008 - /
.
-0.01 L L
-11.05 -1 -10.95 -10.9 -10.85
yimm]

Int (Bxdz) [G-r]

Reference PM quad y-scan with
Hall Probe

y_axis = 10.429 +- 0.00051 mm

1 I 1
10 10.2 10.4 10.6 10.8

y[mmy] in Hall Probe Coordinate System

I IR

-10.884

Vibrating Wire CS

Hall Probe CS

10.429

+-0.00098

+-0.00051

*Wire sag should be taking into account
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Magnetic Alignment: Quadrupole magnets alignment

Stage #1

1) Put VW on desire position of Q1 magnetic axis and roughly align Q1 in respect

to wire

2) With “zero” field in Q1, take VW background measurement

3) With 25A (~20% of nominal) current make horizontal and vertical scans with

VW to find location of magnetic axis, see plots below.
4) Move quad to put magnetic axis on desire position and check result.

Example

After rough Desired distance
alignment [mm] [ position to move
XC  64.631+-0.001 64.210 -0.421

-10.886+-0.001 -10.330 0.556

yc*

yc* is the wire ends position.
Wire sag should be taking into account when it
is translating to quad location

sk Cornell University
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Ax1, Ax2 - Bgr[r.u.]

ExtrQuad_25A_x-scan
Two Sensors located on the both wire ends
4-th mode of vibration

\\. —e— Sensor_X1
L -m & Sensor_X2
.\\l\ ’-//;

Ll

| xc1=64.631+ 00011 mm o
Xc2 = 64.631 +- 0.0013 mm oo

I
64.45 645 64.55 64.6 64.65 64.7

<x1,x2> [mm]

2019 IMMW 21, June 24-28, Grenoble

Ay1, Ay2 - Bar[r.u.]

Stage #2

ExtrQuad_25A_y-scan
Two Sensors located on the both wire ends
4-th mode of vibration

0.015

s
Lo — & Sensor_Y1
0.01 — ‘l\-\ —m— Sensor_Y2

l_\.\
0.005 ",
"\.\.
ye1 = 10.887 +0.0010 mm .y <
e y62 = -10.885 +- 0.0009 mm s
> b
o N
=
-0.005 — ,/‘
9”/'
-0.01 - e
,./‘
-
0015 I/‘\ I L 1
-11.1 -11.05 -11 -10.85 -10.9
<y1, y2> [mm]

-10.85
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Magnetic Alignment: DQ “yaw” correction

N

110*

8000

__ 6000

Q
&

4000

2000

1) dz=
2) dz=

41689 Cornell University
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Energize DQ with nominal (approximately) current ~690A
Measure field along straight line along magnet (z-scan)

Find difference between center of gravity of the field distribution
(z_COG) and location of maximum (z_peak).

Calculate “yaw”, move magnet and repeat 2.

DQ-11, z-scan 696p24A 042518 (4)
LargeScale

.
/ Center

of Gravity \ 4

DQ-11, z-scan 696p24A 042518 (1, 4)

8260

8240

8220

By [CG]

8200

of Gravity

8180 =

dz =-0.40+-0.25 mm
dz = 18.16+-0.25 mm

/ | 8160 |-

1500 -200 -150  -100 -50 0 50 100 150 200

z[mm]

18.16 + 0.25 mm; 6,4, = 0.736 £ 0.010 mrad
—0.40 + 0.25 mm; 6,4, = —0.016 + 0.010 mrad

2000 2500

z[mm]

2019 IMMW 21, June 24-28, Grenoble

Beam Trajectory (R=31.42 m),
- DQ poles follow beam trajectory

ctory

Zpeak — field maximum location;
Zcoc — Centre Of Gravity location

Zpeak = OyawR; R=31.42m
_ Gy Gl3,
ZcoG = eyaw 121’ I = Bolm 24R

GL3,
dz = Zpeak — ZCoG — gyaw R — ﬁ

dz

_ Gl
121

(x

eyaw -

11



Magnetic Alignment:
DQ vertical offset and pitch correction

Beam Trajectory (R=31.42 m),
-~ DQ poles follow beam trajectory

Hall Probe Trajectory

1. Nominal (~693A) current
2. Z- scan => analyze horizontal field component (Bx)
3. Move magnet, repeat step 2.
DQ-11, z-scan 696p24A 042518 (1, 5)
40 T T T T T 0.5 ~
<y> = 0.0196+-0.0005 mm, pitch = -0.0056 mrad Bx (Z' gpitch) =G [yoff + epitch X (Z - Z)]r
Sl <y> = 0.1868+- 0.0005 mm, pitch = 0.056 mrad 1

G =8T/m; y,ss - vertical offset from axis

Before alignment:
Yors = 0.1868 £ 0.0005 mm; O, = 0.0558 + 0.0008 mrad
After:

Bx [C]

sue|d a|ppiW Wolj 18810 [eaipaA - [ww] Ap

0 500 1000 1500 2000 2500

z[mm]

&% Cornell University
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Yors = 0.0196 % 0.0004 mm; 6,y;, = —0.0057 + 0.0007 mrad
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Magnetic Alignment: DQ “roll” correction

Hall Probe Trajectory

-- Beam Trajectory (R=31.42 m)

1. Nominal (~693A) current
2. X -scan => analyze horizontal field component (Bx)
3.  Move magnet, repeat step 2.
*— By[C] Roll Correction —o— Bx - before dB/B
DQ-11 x-scan 696p376A (1) —0— Bx - after DQ-11 x-scan 696p376A (1)
0.001 ! < ! ! 1

8500 - T T T T T 10 bt : i : : : :
i ] - dBy/By < 5e-4 in +-15 mm range
8000 [ : : : i : :

_ Before 0.0005 7 ,,,,,,,,, PLEL beamiabn 0 o L o 1
1 Roll =-0.691 mrad e
Offset = 0.083 mm P : .: :

7500

7000 |
o
) i 2 z 0
Y ° B After &
6000 & Roll =-0.091 mrad
g Offset = 0.010 mm
5500 L 5 -0.0005
[ ]
5000
4500 [ | 1 | | | [ 1 10 -0.001 i i i i i i i
5 10 5 0 5 10 15 20 15 10 5 0 5 10 15 20
X[mm] x[mm]
Cornell UI‘LlVEI‘Slty 2019 IMMW 21, June 24-28, Grenoble 13
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X[mm] in girder

x4 Cornell High Energy Synchrotron Source

coordinate system

Magnetic Alignment: DQ horizontal positioning

Beam Trajectory (R=31.42 m),
-- DQ poles follow beam trajectory
Hall Probe Trajectory

DQ-11 2D Field Map, |_mag = 696.34A

210 800G 549

200 6000 200

190 190

180 AR, 180

170 2000 170

160 i 160

0 500 1000 1500 2000 2500 ~ 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
z[mm] in girder coordinate system

210 1. Take 2D field map
200 2. Find beam trajectory for nominal bending angle
190 (Brom = 74.799 mrad)
180 3. Calculate gradient integral along this trajectory.
170 4. If integral close enough to nominal (20.57 T-
160 m/m) proceed with alignment, if not correct

0 500 1000 1500 2000 2500 3000 3500 4000 current and repeat steps 1,2,3.

Cornell University 2019 IMMW 21, June 24-28, Grenoble 14



Magnetic Alignment: DQ horizontal positioning

g 210 8000 G
3 - o0 Two constrains:
(@] .
Eé 50 wo 1) Opom = 74799 mrad — bending angle
ES m —_ 2) [Gdl=20.57T —m/m - field gradient
X3 160 . integral along beam trajectory
0 500 1000 1500 2000 2500 3000 3500 4000
z[mm] in girder coordinate system
0.06 ; .
x Out 8 x 107 ;
0.04
0.02
E — 4
g of IS
- ~
x : 2t
002 § ~
q§' 0 —_—
—0.040 |
\g I VL
260 o)
) x;, = 242.51
240 | Trajectories with x;, = —6,,,,m/2 and .l
T varying x;,.
220
E B R R ————
;% 237 238 239 240 241 242 243 244 245 248 247
200
Xin[mm]
180
After we found trajectory with nominal
0 500 1000 1500 2000 2500 3000 3500 4000 4500 [ y i i i
1 bending angle, we can find field gradient
z[mm] in girder coordinate system integral along this trajectory and more,
see next slide.
Cornell University
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Magnetic Alignment: DQ horizontal positioning

07 By [T], By int = 1.4971 [T-m] s b2,a2 [T/m?], b2 int =-0.55502 [T-m/m ]; a2 int =-2.0062 [T-m/m 2]
06| ' — |
; / \ by = By Al |
osf 74.799 mrad | onbeam
| for 6 GeV beam = traectory or |
04 ‘ | q 15+ i
03} | \ i 20 - do = i
27 dx?
| 25+ i
02f | \ .
| I‘ 30| R
01 | ! .
| | =351 1
0 1 ,_/'l L L L L l""\_, L L 40 I 1 I 1 | L L L
0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 500 1000 1500 2000 2500 3000 3500 4000 4500
DQ-x-off [nm] = 0.17845; DQ-z-off [mm] = -7.5518
o G [T/m], G int = 20.4982 [T-m/m]; a1 int = -0.064064 [T-m/m] 250 ' ‘ ‘ ‘ ‘ ‘ ‘ '
NSRS | S U N aByiax (Tim] Quadrupole magnet
| ‘ —— dBx/dx [T/m*100] 240 |- centers :
| —0.30% from nominal dBy
= — 230 b
5L | LT odx | 8
| | -
) 220 q
| k=
| ﬂ =)
k{; dB, [ c i
0 W a= W T jectory i
A x' Wil £ Beam trajectory in DQ
[ w l" h £ 200 i
.\ l"w “HA W \‘ M = extrapolated through
;‘,‘ Wl"i h W .,“ r M W\. the girder
LU | |
o 500 1000 1500 2000 2500 3000 3500 4000 4500 180 J
z[mm] in girder coordinate system % 500 1000 1500 2000 2500 3000 3500 4000 4500
z[mm] in girder CS
Cornell University
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Beam commission confirmed magnets alignment

Top-off operation at 50mA, 6Gev Closed Orbit

L)
a
[l
k=]
L

4 02—Mawy—18 16:59:39
2018 & 3 T 0 0@ SACC_CONEIG/newin jeschnon. inil0l9 6 9 18 0 0 1 CHESS-U_S000MEW_20181120
CSE CERMN CUR[1] CEEM CUR MON HE mé Dat: butns. 1268709
1 Ref: NOGNE
CESR Set: 156720
1 6000 —| Spacies: Positron
] PBRMS = 2583
- Awverage = —0.28Z
4 50.00
4 40,00
=T ™] FRMS = 1537
4 30.00 t 1 I Average = 0.0B7
LR 1
it ! ! 1
1 20,00 thad T IPET 1L L NP W LY N P Al 1
1 &k FETFT St S| | B Cll W e i, A 7
I » & 1 ]
10,00 Ly 1 1 1 ]
4 10, N | i |-
—B’\_‘_ﬁ\\| P I [T T I I O | \I 4= 7
2 &0 YO BO 90 100 120 130 140 150
0.0000

Areas with new magnet structure

Sector 1 Front End

Sector 2 US (Und A)

Sector 1 Cave

In addition:

8 CHESS Compact Undulators
have been installed and put into
operation

Sector 2 DS (Und B) Sector 7 Front End

First light from the undulators

Cornell University
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Conclusion and Acknowledge

» To speed up the process of the magnet alignment on girders,
we used Vibrating Wire and Hall Probe magnetic field
measurement techniques and aligned magnetic axis of the
mounted magnets. This approach appeared to be quite
practical and efficient.

* The precision of the alignment was confirmed with beam
measurement.

 The work has been supported by NSF award DMR-1332208
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