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Superconducting Undulators (SCUs) at APS—Installations

s To elevate energies of x-ray harmonics by providing large fields at small periods and
at more open magnetic gaps (out of beam-vacuum).

s SCUO prototype for 6-ID-D in 2013-1 (until 2016-2)
-A,=16cm,N=21,L=0.33m

— lvanyushenkov et al., PR-STAB 18, 040703 (2015)

= SCU1 (or SCU18-1) for 1-ID in 2015-2
-A,=18cm ,N=60,L=1.08m,K__ =1.62(B

max
phase errors ~ 8-10°at K__,

— Ivanyushenkov et al., PR-STAB (submitted, 2016)

=0.96T,450A), 9.5 mm gap

max

s SCU18-2 for 6-ID-D in 2016-3
— same as SCU1 parameters, with improvements
phase errors ~2°at K__,

s H-SCU planned for 7-ID in 2017-3
—helical, A,=31.5cm ,N=38,L=12m

TWG Meeting, APS Jan 19, 2017 S. D. Shastri



High-Energy X-Rays (> 40 keV)

Vi L3
Current APS 1-ID techniques: Wl e |
= HEDM - high-energy diffraction microscopy (ff- and nf-) g 40Pz C e
» u-CT, e.g., voids, cracks S e
s ST (scattering tomograpy) el el
- SAXS o i
s PDF, WAXS I o 0 200 400 600 800 1000
s resonant scattering near heavy-element K edges s — Y (pixels)
Zq

Why high-energy x-rays? /"

Interaction properties: nf-HEDM (]
s |ow attenuation method -

small scattering angles ZdL: 2

s accessibility of high Q

improved validity of Born approximation (no multiple scattering) ’ o~ Beam stop

Diffracting grain

[lluminated
sample plane
Incident beam

Enables:
s extreme environments, e.g. thick walled containment:
furnace/high-pressure cells
s gcattering from bulk / away from surface in thick or
high-Z samples
s high direct-space resolution
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SCU1 - PMUs Comparison at 1-ID

2.3 cm PMU (previous)
o= NN\~
3.3cm PMU 1.8 cm SCU (since 6/2015)

1-ID measured flux through 0.5 x 0.5 mm? at 27.5 m
monochr. b.w. ~ 0.06-0.2 % over 40-140 keV
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Power

s U33 (i.e., UA)at 11 mm gap, K= 2.6
— 5.2 KW total
— 240 W/mm? at 25 m
—1.2kWin3x2mm?at25m

s SCU1,K=1.6
— 2.9 kKW total
— 220 W/mm? at 25 m
—1.0kWin3x2mm?at25m

s Comparable thermal loads on Si Laue-monochromator
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APS 1-ID High-Energy Bent Double-Laue Monochromator (40-140 keV)

v o L spring
L a L asym %\
17 N Si(111)

bent Laue

s3) 127 mm

5 ““““““““““““ —
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U T ; ’ unaffected 2.5 mm thick
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% F oo
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JSR 9, 317-322 (2002)

flat Si(111),

- cryogenically cooled (LN2) symmiatric Bragg

- sequential Rowland conditions

- high flux, > 10 times over flat crystals, without
increase in energy spread (AE/E ~ 10?)

- brilliance/phase-space preserving (compensation  ,t
effect) B . |

- fully tunable 20 0 20 43 &0

- in-line / fixed vertical offset argle ki

reflectivity
a
o

1+— bent Si(111),

asymmetric Laue,
4]

g
'S

R=32m, =10
2.5 mm thick
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\__________________________________________
Going Towards APS-U (1-ID and HEXM Beamlines)

Past PMUs / Present SCU1 / Future SCU-HEXM

SCU-HEXM (APS-U):
L=36m
| w'] .7 cm _

SCU1 (APS).
L=11m
A =1.8cm U33 (APS)™
- L=24m
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[ U23 (APS):
L=24m

brilliance (ph/s/mm?/mr? /0.1%bw)

107\ =23 cm
1 1 I 1 1 1 1 1 1 1 1 1
o Z0 40 B0 80 100 120 140
E (keV)

Future SCU-HEXM vs SCU1:

- 3.6 mlong, 1.7 cm period, 6 GeV
- 2x flux in central cone

- 10x flux density

- 300x brilliance
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SCU1 Usage and Reliability/Downtime Since 2015-2
s Usage in 1-ID experiments: SCU1 > 90% , U33 < 10%
s No storage-ring beam losses caused by SCU1
s SCU1 quenches without stored beam loss—once, downtime few hours.

s SCU1 quenches accompanying beam losses from other causes (~ 24%).
No impact (transparent) as SCU1 recovers in parallel with re-injection.

s Controls issues—once, 12/19/2016. Communication loss(es) between various
components resulted in SCU being sent to 0 A current. Few hours lost overnight.
Notifications now implemented.

Overall excellent reliability/availability.
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EPICS Control Interface for Beamline

PMU control SCU control

W SCUlControl.adl (on vivaldl.xray. =) @) )

(= Unautatorcti.aal (on vivalal.xray (=) 5 % | SCU ID Control
Sector 1 DS ID
Sector 1 US ID SCU1_1.8cm '
Undulator_#21_3,3cm Software Version: 1.0 N
Software Yersilon: 4.3
avg 180.002 14.026
Curtent
e -0.001 0.000
fiv :
s Current (8)  Energy (keV) storage-ring energy
Tpr 0. . B Fields (G
. gy Gl Readback : Set Point:
9288.621 0.929
san —
Power Supply: ON OFF |Un oEaE|
focess Mode - User 3 Mode - User
Harmomic Select (1-7): I_ ceess llods - scu1 Photon_energy and K value
: l=er -l| as function of Current
Gap Deadband (micron) : | a o PhotnEnagy e Keff
.. Photon Power (W) : [EHETEN] T 18
BL Comn Limit (mo): ERUENN , s, 0
Device Status: ; Harmorde Belect (1-12): I_ - .-, D S !
suics Status: Not Moving Bean Frergy 843, (GeW): | éﬁ i — ] - ]Ds;
Total Power: 0 W /100ma BL Comm [Limit (8):  EESIAREs 215 . i
- o 0.2
ptatus mffssagets'd position g T Hi Main Curr Limit (5) : U 1) R P N R A
equested Position Status M . _ .
Energy =) Gap Conwversion 0K ALE Hessasss . e
Requested Main Current OF /
Tine Lefte 0 N Curr {=} Eneﬁgy Conversion OF
eady
@SCU Enersu/Field Plot | mlzer |
TWG Meeting, APS Jan 19, 2017 S. D. Shastri

A



A

EPICS Control Interface for Beamline

— To calculate w/o ramping

SCU control — Ramping accuracy PV
m' SCU1Control.ad| (on vivaldl.xray. (=) (D)% = SCU1_User.adl (on vivaldl.xray.aps.anl.gov) BEE
SCU ID Control SCU ID Control
SECtSDEEl_j;L.E[I]c:Sm ID \ Sector 1 DS ID SCUL_1.8cm 8

Software Version: 1.0

Ramp Accuracy:

Reset Busy |

Current (&) Energy (kel) .
Desired Current OK
B Fields (6) Set SCU Yalues: Start Rampl Curr {=} Energy Conversion OF
Readback : Set Point:

9288.621 0.929 Current To Energy Current Range: 0 — 450 A

. . = [N
Power Supply:  ON | OFF |UI’1 Keff: 0.93372#Beff(T)#PeriodlLengthl{cm)
1.800
fccess Mode : User
lser "l Energy (Ke¥) = 0.94963%harm*SRe”2/(period={(1+Keff~2/2) )= iy

Photon Powsr (FW) : m

Harmonic Select (1-12): I_

Bean Enerey &di (GeW) l— Energy To Current Energy Range: 11 - 180 KeY
Keff: SQRT(2=(0 .94953*S|Re"2/(PHe*Per‘iocliLen(cm) /Iharm)—l) )=

o

Status Messages: i —
. Beff (G): Keffs(0.93372#PeriodlLen{cm))=10,000=
Requested Main Current OK
Curr {= Energy Conversion 0K

Ready Current To Pouwer

BL Comm, L[imit (&):
Hi Main Curr Limit (4):

@SCU Emerzu/Field Plat | miser |

CA Put Callback

Device Ramping: m
e

| I I
’J_ 1.800 [0

P{KWHY=0. 633*NumPer|iod5*Pericl)dLen (4} *SRIe"E {Ge¥) *beaImI (A *Bplk“2: 2.9141

Conversions
Range: O-450 Range Ei 11,24%-25,861

Current (&) Energy (kell)
Desired Harmomic (1—12):|_
Desired SR Energy (Gel) :IiRanset 6-7.2

Power Range: 0.184 - 3.086 KM

e

55 0.9275 B}
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Current Readback Value Fluctuations

SCU control

i SCUlControl.adl (on vivaldl.xray. =@

SCU ID Control

Sector 1 DS ID
SCU1_1.8cm k—
Software Version: 1.0 -

Energy (kel)

B Fields (G)
Readback : Set Point:

Current (8)

9288 621 0.929
Power Supply: ON | OFF |[]I'1

bocess Mode - User
llser A

Photon Powsr (FW) : m

Harmonic Select (1-12): n
Beam Enerey 4dj. (GeW):
BL Comm Limit (4):

Hi Main Curr Limit (4):
Status Messages:

Requested Main Current OK
Curr {= Energy Conversion 0K

Readback fluctuates:
/ — actual current is stable
— from noise in DC-CT signal
—overrange ~ 0.8 A
— off-centered about requested value, +0/-0.8 A
— recently improved

Makes scanning tricky:

— EPICS Busy/Done Record with ramping-accuracy-PV
set carefully, e.g.,t0 0.6 A

— current steps no less than 0.5 A

— adequate positioner settling time, e.g., 1 s

Feady
@SCU Emerzu/Field Plat | mlser |
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Current Scan with Monochromator Fixed

Flux at 79 keV through 0.5 x 0.5 mm? at 27.5 m
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X-Ray Beam Motion with SCU Current

s Beam moves ~ 0.5 mm at white-beam slits (27 m) over 200-450 A, with most taking
place at 350—400 A.

Horizontal only—vertical is steady (< 20 pm).

Not surprising given 2™ field-integrals of tens of G cm? and short 1 m device.

At 1-ID-E end-station (sample at 70 m), horizontal motion can be over 1 mm.
Results in realignment time during operations (energy changes).

Can re-steer, but takes XBPMs out of orbit feedback, requiring current-scan

for recalibration of XBPM offsets.

s Strategy: Use SCU field 2"-integral correctors to preserve electron angular trajectory,
and hence, photon beam. Automated look-up table.

SCU

( top view )
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Full Beam Profiles (P. Kenesei)

— asymmetry visible
—1mm x 0.5 mm FWHM at 36 m

— CoolSnap 4K interline CCD
LUAG:Ce 25 pm scintillator
1 um pixels

122.7keV,n=9

Marmalized (cntsisecépx) 2D profile for 122.7 ke n=91=0.4 5

200

400
600 ;

800

1000
500 1000 1500 2000
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50keV,n=3

MNaormalized (cntsfsec/px) 20 profile for 50 ke n=3 t=0.03 s

10t

200
400
500
500
1000
500 1000 1500 2000
(pm)
122.7 keV, n =11
Marmalized (cnts/sec/px) 20 profile for 122.7 ke n=111=03 5
0 10000
8000
400 B
5000
500
4000
B0 2000
1000

500 1000 1500 2000
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Current Tuning (P. Kenesei)
50 keV, n=3,~219 A

E =50 ke, =3, lgo = 215.4 A E=50 keV, =3, Iy = 216.4 A E =50 ke, =3, lgg, = 2174 A E =50 keV, =3, Iy, = 218.4 A
2m0 200 200 200
400 40 4m0 4m0
( Mm ) B0 500 B0 B0
800 800 800 g0
1000 1000 1000 1000
500 000 1500 2000 500 000 1500 2000 500 000 100 2000 500 1000 1500 2000
3000 E=80 kev, =3, o, = 2189 A E=80 kev,n=3, |, = 2194 A E=80 kev, =3, o = 2189 A E =80 kev, n=3, I, = 2204 &
2500 2 200 20
000 4m0 400 4m0
B0 500 500
1800 800 800 80
1000 1000 1000
1000 500 000 1500 2000 500 1000 1500 2000 500 000 1s0 2000 500 000 1500 2000
E=80 kev, =3, o = 221 4 A E=80 kev,n=3, |, = 2224 A E=80 kev, =3, o = 2234 A E =80 kev, =3, I, = 2244 &
2m 200 2m
4m0 40 4m0
500 500 500
gm0 200 gm0
1000 1000 1000
500 000 1500 2000 500 000 1500 2000 500 000 iS00 200 500 000 1500 2000
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Current Tuning (P. Kenesei)
122.7 keV, n =11, ~ 448 A

E=1227 ke, n=11, | = 432 A E=1227 keV, n=11, Ig, = 4442 A

200
400
( Hm ) &00

&00

1000
200 400 8O0 800 1000 1200 1400 1800 1800 2000

(Hm)

3500
3000 E=1227 keV, re11, |y, = MB.2 A
2500
o000
BO0
1500

&00

1000
200 400 600 GO0 1000 1200 1400 1600 1800 2000

E=1227 keV, n=11, | = 4492 A

200

400

600 F

800

1000
200 400 600 800 1000 1200 1400 1600 1800 2000
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Profiles Through Aperture (P. Kenesei)

45 ke n=3

04

u]
1000

B0 ke n=5
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85 ke n=7
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Profiles at 36 m through 0.5 x 0.5 mm? at 27 m

95 6 ket n=3

04

0
1000

054

0k
1000

95 ket n=7
1 0.5
0.6
0sad--
0.4
oJ.-
1000
0.2

B5 B ke n=5
PR R 0.8
n&
05
04
ol
1000
A n2
1
B0.725 ke n=7
i na
05
05l
4
0
1000
b2
b
1
100 ke n=7
e e e
s
05
0.4
o
1000
n2

17



Questions
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