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APS-U General Beamline Upgrades

= KPP Driver: 150mA Operations

= Management Goals

— ‘Do no harm’ during upgrade

— Maintain user operations during upgrade

U1.04.04 General Beamline Upgrade Sectors (21)

= Technical Goals

— ldentify marginal components for 150mA

— Assist individual beamline technical personnel with

development of a mitigation plan — including both APS
and CAT beamlines
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Current Profile

e 130/150 mA High Current Run — 24 April 2013
e A ‘stress test’ for beamline thermal control & optical systems.
 For most it was a ‘first look’ at high current performance

S35DCCT (m

Request (simulated) Delivered
Top- up mode @ 150 mAI

S L e B S B B B — T T s
140 1401 fﬁ ]
1.20 - 1201 ]
1001 ! | = 1001
\ s mfe!;seof se::rmeines \__
80 B l‘notra:t:dg!:"l:ﬂ:lr:.»‘\ b B 80 [
]
60 = 60|
40| | 2 40|
2
201 | 200
0Ol O | L ]
R EE g T TR OXdUR T ZAdeR  24dToR - 74dT8R 2540
Time starfting Wed Apr 24 00:00:01 2013 Time starting Tue Apr 23 22:48:57 2013

44
G. Navrotski — AES/MED




v

Participation el T
130/150 mA High Current Run - 24 April 2013 {

Charge: ::”_||| Tder “1 Zadrek ‘hl
= Most importantly, protect your beamline components. fme storing Tue A 23 22:48:51 2013

= Evaluate your beamline performance in its optimal or most-used configuration.
= Move to high-power conditions, smaller or minimum allowed gap, as time permits.

Participants:

= BMs
— Thirteen (13) Bending Magnet Beamlines (1, 5, 7, 8, 9, 10, 11, 12, 13, 16, 19, 20, 23)

= |Ds @130 & 150mA:

— Twenty Four (24) Insertion Device Beamlines
— (Norestrictions: 13, 16, 21, 23, 24, 26, 30, 31, 32, 34)
— (Restricted gaps: 1, 2,3, 5, 6, 7, 8,10, 12, 15,17, 19, 20, 35)

43
G. Navrotski — AES/MED



Pa rtl C I patl O n EZ:::-& 5 _133 . = %-‘i"““‘-xh F‘fwih {};];;a'o Messages

SHUTTER STATUS

] Permlt to Open !

Jdin
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= Usually we have x bl
! Beam Current: 1304 mA BEAMLINE STATUS
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~58 shutters open during operation

[ieanl ines (perating

Selected Mode: ASD Studies
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32 shutters open
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= 150mA-7:00PM —
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1498 mA
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Talk Outline:

Intercomparable metrics

" #1—Fluxvs l,p
=  #2 - Rocking curve width — Fundamental [i.e. Si(111)]
— Third Harmonic [i.e. Si(333)]

Broad Results

= LN, cooled silicon ID optics

= Water cooled diamond ID optics

=  Water cooled mirrors

= Water cooled silicon BM & ID optics

High Current Studies Report

= Detailed report being written
=  Will be widely disseminated mid-July

a1
S G. Navrotski — AES/MED



LN, Cooled Si Mono Results
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#1: Beam |, increases linearly with |,pc

Flux vs Ring Current (BPM)
1-1D 100000
% Sarvjit Shastri /
95000 /
90000

)
'
>
] /
S
< 85000
x
=]
r /
E 80000
5 ; 24-ID-C
1.2-IDTB Malcolm Capel
Xiaobing Zuo 75000
lE'fI:S
70000 : . .
115 125 135 145

Also 1-ID, 12-ID-C
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#2: Rocking Curve Widths vs. |,pc

NE-CAT Sector 24-I1D

(PNC-CAT) Sector 20-ID SBC-CAT Sector 19-ID

Also 1-ID, 12-ID-C
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13-ID (Matt Newville, Peter Eng, Mark Rivers, et al.)

| vs. | 5ps
15keV Intensity (0.4x0.8mm slits)
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20-ID (Steve. M. Heald, Chengjun Sun, et al.) soowosmmmne

Source UA33

F
TETHNCE FROVFETRAGHT SECTION CENTER. (W]

White Slits Si(111) LN, Side Cool lon Chambers
2.4mmH x 1.2mmV @ 31m BESSRC mono @ 33m ~50-55m 20-1D-B

Results next page:

BESSRC Design
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20-ID (Steve. M. Heald, Chengjun Sun, et al.)

9.6 keV Results

Side cooled LN2 Si(111) mono

Source UA33 3 Harmonic 11mm gap

Same E, Higher power

T T T T T T T T T T T T T T T T T T T T T
. | —®—FWHM (111)=10.60 . | —=—FWHM (111)=9.72
6.0x10° _o— FWHM (333)=1 07 7 6.0x10"1 _e— FWHM (333)=154 1
5 Ring Current: 100 mA 5 1 Ring Current: 130 mA
< ) ID: 3rd harmonic k < , | 1D: 3rd harmonic
» 40x10°1 Mono: 9600 eV : 7 o 40x10°7 Mono: 9600 eV l
E 5
[=} (=]
&) O
@ @
£ 20x10° | . £ 20x10° . -
[} 1 [}
P = |
(@] | | O | |
= 1 =
o | 2
0.0 1 _— 0.0 4 _
15 10 5 0 5 10 15 1|5 1|0 |5 Llh I5 1|0 1I5
Rocking Curve (arcsec) Rocking Curve (arcsec)
lnps 100 110 115 120 125 130
(111) 10.60 | 8.54 9.60 9.73 9.33 9.72
(333) |1.97 1.61 1.76 1.71 1.56 1.54

Also looked at 5, 12 & 25 keV

Conclusions: Expected broadening & shoulders, still OK for 150mA
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24-ID-C (Malcolm Capel)

110 ma, 12662 eV

e o
e o 120|ma, 12662 ev
. e fdaYaYaTal 80000
. . (4}
. . e o 130 ma, 12662 eV
50000 e 79600
.
. %
)
_ . . e ® 30000 Sector 24
2 9.6 arcsec ) . - 60000 °
g FWHNA 40000 O o o
2 <>, ° . . 70000140 ma, 12662 eV
8 [ogaYaYa¥al L]
> [ ] = - ° SB600 . #
2 N Se ° — 60000 . *
;g L] 2 5 Z Nd 40000 . e ° onAAA 150 ma, 12662 eV
c 5 < e — L ] 80666
) = @ . ° ° 100000
. 5 e e5 . . ° ‘“
. c—% oo 9Adsec 0 76006 o °
s £ S FWHH | €—>, 20000 . . 96000
= g L 3 mivivivivs ) S
. é— 20000 * e 60000
. 5 . . . * 80000
20000
r T T T %_ ;. . . -"2 e . . . ..
20 10 0 10 20 k . =Y resec o S . 70000
- - .7 aricsec 0000
A Theta2 (arsec) -: . ] .
o o= . - 40000
od L ° £ e 60000
f ! ! ! e . s 9.5 arcsec ©
-20 -10 0 10 0 2 . ® 2 30000—FWHH °
A Theta2 (arcsec) £ o = ﬁ Sty
o * z
r T T T = ) = L] e
3 20000 -
-20 -10 0 10 20 o % E 0 ® 40000
A Theta2 (arcsec) S - ) ° SN,
/ ; : 30000
A ° .
! ' T T 3 . 20000
° L]

y

-20

G. Navrotski - High Heat Load Monochromator Working Group - 06 June 2013

10 0 10 20
A Theta 2 (arcsec) /‘

-20

-10

0 10
A Theta2 (arcsec)



Normalized Rocking Curves

150 ma
. RC FWHH Undulator ~Gap
Energy (keV) .
AL (arcsec) Harmonic (mm)
( 6.5 17.6 1st 16.4
b 8 14.7 1st 18.6
”’I \ 11.565 10.7 1st
) 12.622 9.5 1st
/¢

14 10.4 3rd
! I 18 11.6 3rd
I/
Al E N

—o—6.5 KeV
——8 KeV

Normalized Intensity

\ —a—11.564 KeV
\ —%—12.66 KeV

—¥—14 KeV

: 4
/fﬂ ! \\ —o—18 KeV
|
0:3

/.

Il 0.2 |

AN
¥

Conclusions:
- Distortion of 18 KeV rocking curve due to

[e»]

0 0 o 0 local crystal strain of second crystal.
A Theta2 (arcsec)
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19-1D (Gerd Rosenbaum)

Source UA33
Gap Limited to 14.5mm min. lon Chambers

~65m

ULUJJJJJ/

Conclusions:  Performance OK @ 150mA & 14.5mm Gap -

“..I can say nothing major happened going up to 150 mA at the limited gap.
The Si-111 rocking curve got a bit wider, not much. So did the Si-333 rocking curve. “

32
S G. Navrotski — AES/MED



19-ID (Z. Liu FEA calcs) d

100 152.22 216 35.84 114.11 2.55 8.89

150 228.33 324 53.76 144.14 1.65 8.52 8.67

200 304.45 432 71.68 195.54 8.23 11.84

100 24.02 48 4.99 82.21 0.19 4.22

a 150 36.04 72 7.48 84.992 0.32 4.22 4.23

200 48.05 96 9.97 87.656 0.42 4.24

100 99.22 304 30.15 113.69 1.74 4.32

150 148.83 456 45.23 141.58 1.29 3.96 4.16

200 198.44 613 60.75 192.21 5.25 6.57

100 87.28 253 18.99 99.967 0.83 2.84

150 130.93 380 28.49 115.05 1.14 2.72 2.95

200 174.57 507 37.99 134.12 1.02 2.90

100 71.56 132 16.24 93.542 0.75 0.84

X 10°W / mm? 150 107.34 198 24.36 104.2 1.14 0.37 1.20

- 3950 o 200 143.12 264 32.48 116.13 1.39 1.43

B iro0i 0 100 129.56 250 30.80 111.55 1.29 1.34

EH 538527 150 194.33 376 46.21 138.2 0.89 0.37 0.96

E géggzg 200 259.11 501 61.61 182.13 3.86 3.88

c % ;;;gg; Z.liu, et al., SRI2013
BT 63607.1
]

FEA model of the “hockey-puck” Si crystal with a heat load. a) Fine mesh in the footprint region
and coarse mesh elsewhere. b) Magnified view of the heat loading for the volume absorption, the
first ten layers are 0.01 mm thick each and next nine layers are about 0.1 mm thick each. c) The
scale of power density corresponding to total absorbed power of 132 W for the 3 harmonic 30
keV at 100 mA. d) cooling fin temperatures are less than 85 K, the boiling point of LN2 at 27 Psi,

= The “hockey-puck” crystal works well at 150 mA in terms of temperature and

thermal slope error.
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Results: LN, Cooled Insertion Device Optics

e’

il - : Indirect side cooling

= AIlILN, cryo-cooled Si
monochromators performed
extremely well.

= Slight & expected broadening of
rocking curves

=  Most effects due to second
crystal Compton heating

Kohzu (commercial)

Sector 24

30
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Recommendations :LN, Cooled Optics

e e
9 .

Indirect side cooling

Take Home Message: -_
- SO FAR - All work well at high current ”
- Need to push designs further

Suggested Incremental Improvements:
- Invest in improved Compton shielding
- Invest in 2" crystal cooling stabilizatio

Sector 24

29
S G. Navrotski — AES/MED



Diamond (111) Mono Results

28
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#1: Beam |, increases linearly with |,pc

Intensity of Fiindamental X Rays,

Sector 21, LS-CAT 150mA Study MeasurEd bv BPM
10 . Flux vs. current - 2{5
]
us% w .
o | 'E 2 /
3 12 keV
135% | o e
| _® s ls- A17keV
£ >
Y % | § / ,‘é l /k"
® ook . b /M
3-ID =03 7-D
| Michael Hu E Walko
| f 21-ID 1 @ o o
Brister » 60 80 100 120 140 160
1ml 105 110 11‘5 120 l;! 130 1;5 140 1;5 150 curret (mA)

curent (mA)

Sector 21
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Beam |, increases linearly with | ¢

= MERIX/HERIX Sector 30, Integrated Intensity of 3™ harmonic
= Source Dual in-line U30s
130
) KOhZU l\/lonochromator - 1 Integrated C(333) rocking curve
— C(111) & C(333) 1 27kev
=  I1mm x Imm slits 110
= 9keV (~15.8mm gap) 100+
2 0.
@
‘ﬁ 80 -
@
E 70 -
60 —
50-‘
40 T

Ll I L] l L] I L] L] I
100 110 120 130 140 150
RingCurrent (mA)

1-ID, 12-ID-C
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#2: Rocking Curve Widths vs. |,pc

7-1D Time Resolved Research Group

HRM (T. Toellner & D. Shu) HHLM

h mono @ 30ID |—-

Voltage [V1

30-ID HERIX & MERIX

Also 1-ID, 12-ID-C
25
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APS_1438207

7 - I D (DO n a.l d Wal kO) Water cooled diamond(111) mono

Source UA33

WHITE B

White Slits

0.5mmH x 0.5mmV. lon Chambers

50m
Diamond(111)

Kohzu @ 29m H,0
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7 - I D (DO n a.l d Wal kO) Water cooled diamond(111) mono

Source UA33 Sorted by gap:

Sorted by E: » ~
8.15keV, 1100W total @ 100mA 1%t Harm.  19-1mmgap @ 100mA 3¢ Harm. = 17.19keV,

12.15keV, 270W total @ 100mA 1st Harm.  18.6mm gap @ 100mA 1°* Harm. = 8.15keV,
17.19keV, 2300W total @ 100mA 3 Harm.  26.6mm gap @ 100mA 15t Harm. = 12.15keV,

Fundamental (111) Rocking Curve Harmonic (333) Rocking Curve Widths

0 Widths 7
%3.2 L 2 0 3.2

: 2 A A © 4 B
Eij = LN : g28 L
= 2. =24
E , L #8kev  E # 24 keV
E’ & = 2 B E N .

1.2
s Al7kev 212
£0.8 f = o o ’ A51kev
2 208 |
304 S04 N
o0 o 0.
g ° 2o
3 100 110 120 130 140 150 3 100 110 120 130 140 150

Current (mA) x

Current (mA)

Conclusions: Only modest broadening at high power loads, seen in 3" harmonic
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30-1D (Thomas Gog, Mary Upton)

(o)
i | ‘ i i
Sources Dual in-line U30s ; H——
lonClamber1 | lon Chamber1
Incident beam characteristics: L Al
. . High Heat Load
Ky = 1.2 =>Es=9.0 keV @ 150mA Dﬁﬁ%ﬁﬂ%
Total Power Pt=2x 1368 W =273.6'W
Power Density (Center) Pd = 2 x 146.9 W/mm2 = 293.8 W/mm?2
First Harmonic, x—axis adjusted Third Harmonic
—9keV, 100mA| —— 9 keV, 100 mA
——9 keV, 125 mA — 9 keV, 125 mA
——9 keV, 150 mA - g keV, 150 mA
-7 keV, 150 mA — 7 keV, 150 mA
— 6 keV, 150 mA — 6 keV, 150 mA|

third harmonic

-100 -50 0 50 100 -50 0 50
hhimth2 (urad) hhimth2 (urad)
Conclusions: Only modest broadening at highest power loads
22
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Results: Water Cooled Insertion Device Optics

= All water cooled diamond ID
monochromators performed
extremely well. Expected
broadening at high power loads

=  Known weakness — InGa eutectic
coupling

= NO ‘SHOW STOPPERS’.

Sector 21

21
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Results: Water Cooled Insertion Device Optics

Take Home Message:
- Work well at high current

Suggested Incremental Improvements:
- Invest in improved Compton shielding
- Invest in 2" crystal cooling stabilization
- increased contact area, two-side cooling
- Invest in routine maintenance
- clean, re-polish, re-wet your diamonds

Sector 21

20
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HHL Mirror Results

19
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v

Results: Water Cooled Mirrors

= Two water cooled white beam
mirror reports: 11-BM & 12-ID

All OK

= Temperatures stable,
= Beam size stable,

" Flux follows I ,ps

G. Navrotski — AES/MED
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Results: Water Cooled Mirrors

Take Home Message:
- Cautiously optimistic
- Needs more participation / careful study

17
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Water Cooled Mono Results

16
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#1: Beam |, increases linearly with |,pc

24Apr2013
19BM High Current Studies 6.33 keV
lon chamber current vs ring current

0.135
——y =0.0091739 + 0.00082643x R=0.99905 4
0125 - /f
E 012 - ! : i/}f
?u 0.115 va
o A
5 / 5
. 19BM
"7 FrankRotella Flux vs. Ring Current
01 : : ! : 1.6
100 110 120 130 140 180 160 : | | |
Ring Current mA) s C Realign slits N
135% : : : : a: -t
130% l//! 3 1o @
E 125% - 1 [ /: ] 2 E //
8 B ' - //-“‘ / E’ 13 1
120% £ F
S . | /}/ Gssss 3 / *
< - : L - ! 1.2
5 115% o : - v r /‘
s | : ,!/ : : : 3 r ? ‘
@ =] L
% ‘ 1 ‘// | / | | 11 | /
o 105% — 4 - : : e [
2 SSESERr. 12-BM HH L b . 12-ID-C
100% & Ssunhgsik-tee] ! Soenke Seifert
95% : : : : 09 “
100 110 120 130 140 150 a0 100 110 120 130 140 150 160
Current(mA)

Ring Current (mA)

15
S G. Navrotski — AES/MED



v

#2: Rocking Curve Widths vs. |,pc

il =
e e

01-BM Optics and Detectors Testing Beamline 08-1D Time-Resolved Research

Polpeaies wido _I\ Brg el vamos
. G

g i
| ] . A
Heray P
1l (e ]

e Pt [111)-00,

(PNC-CAT) 20-BM

12-BM Chemical and Materials Science

SBC-CAT 19-BM

Also 1-ID, 12-ID-C
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1-BM (Al Macrander, Naresh Kujala)

Source

APS_1438207

Water cooled Si(111) mono

Vhit ikror
r PSL Mono
Water cooled

S G. Navrotski — AES/MED
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High heat load studies for ring currents 130 mA and 150 mA

High heat load studies for high ring current
Double Crystal Monochromator (DCM)
\ 8
P \ :
7 —
15 v ¢ ¢
I 2 || *
S 6
2 " .
"""" 8 5 * ¢ 130mA|
9 .
) B 150 mA
L 4 =
- .
= 3
I
=
L2
! 4mmmmm Theory
1
O T T T T
1st Si (111) crystal 0 10 20 30 40 50
2nd Sj (111) crystal Horizontal slit size (mm)

» 1-BM monochromator (made by Physical Science Laboratory, Madison WI) is water cooled from bottom.
* Monochromator energy was set to 8 keV.

» Two ion chambers were used to measure rocking curve with Al filter between two ion chambers for
measuring both Si (111) and Si (333) reflections.

* Rocking curve was measured by rocking 2nd crystal for Si(333) reflection.

* Vertical slits were open 4 mm.

» Rocking curve measurements was done with 130 mA and 150 mA ring current.
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8 = I D (AI e C Sa.n dy) Mirror + Water cooled Ge(111) channel-cut mono

Source 1X or 2X UA33
7.39%keV, 615w @ 100mA

BLA Pinhole , Be CRL
$3280um @ 26.24m Mirror Ge channel-cut 10 lens, r=0.2mm
H. Defl. (inbd.) @ 29m H20 cooled @ 64.8m
‘ 0 Do Ob
e A A ) d e O
176  7.39 1.34 1 10Q 1.0* 1.5 1768 17.056
176  7.39 1.34 2 10 1.9* 2.9 2005 7.963
18.8 8.1 1.21 1 130 2.6 2.0 3032 5.237
18.8 8.1 1.21 2 130\ 52/ 4.0 4442 \ 3.383
N_" N_
Conclusions:

- power load significantly affects the performance of the 8-ID-1 monochromator
- focus position is power-load dependent
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12-BM (Sungsik Lee)

Source BM E = 12.0keV

= RCs broaden with |,y Si(111) BESSRC Style Mono — Water Cooled
I
Rocking curve

400000 ,
3: 350000
-g- 300000
g 150

250000 e 1 45
o
o e 140
E 200000 - 135
£ 150000 —130
G —120
ﬁ 100000 w—115
c —110
O 50000 100

0

-14 -13 -12 -11 -10 -9 -8 -7

mtheta (a.u.)
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- Aps_1438207
12'BM (SU ngSi k Lee) Water Cooled Si(111) mono

Source BM E = 12.0keV

= Flux IS linear with |,p¢
= Rocking Curve FWHM not linear with Power,

135% | 1.65
130% ,//!
— - 1.6
E 125% :
Ll 120% - 155 T
1 <
3 115% o
- ™
- 1.5
g 110% B
o / ;
< 105% | ¢
2 % 145 £
100% - =
95% 1.4
100 110 120 130 140 150
Current(mA)
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1 9' B M (F ra.n k ROte I I a) Water Cooled Si(111) mono

Source BM E =6.3 & 19 keV tests up to 150mA

8
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19-BM (Frank Rotella)

lon Chamber (A)

24Apr2013 ) 24Apr2013 )
A 19BM High Current Studies 6.33 keV 19BM High Current Studies 19 keV
i Si-111 Rocking Curves @ 130 mA Si-333 Rocking Curves @ 130 mA
0.15 T T ! | 0.005 T T T T L I ]
— % -1=0 min; FWHM=76.13; #27 km — ¥ - t=0 min; FWHM=7.16; #26
- =% - -1=53 min; FWHM=75.06; #28 - =% - - t=58 min; FWHM=7.17; #29
- X+ - t=113 min; FWHM=74.86; #31 - - X~ - t=114 min; FWHM=7.18; #30
- -% - -t=171 min; FWHM=74.64; #32 & - -% - - t=176 min; FWHM=7 40; #33
~5-- t=195 min; FWHM=75.94; #35 0.004 |- & -5+ t=195 min; FWHM=6.52; #34
3
UPR}
01 . ¥
< 0003 -
2
£
©
=
@]
X 5 0.002 -
0.05 |- ; .
0.001
0 I 1 | | 0 et oy s RSO
-200 -150 -100 -50 0 50 100 -140 -120 -100 -80 -60 -40 -20 0
Rocking Curve (urad) Rocking Curve (urad)

Conclusions: Performance GOOD
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lom Chambser (A)

19-BM (Frank Rotella)

24Apr2013 _ 24Apr2013
19BM High Current Studies 6.33 keV 19BM High Current Studies 19 keV
Si-111 Rocking Curves @ 150 mA 5i-333 Rocking Curves @ 150 mA
'|:|'.|5 T I UIWE T 1
# - =0 min; FWHM=TE 85, #44 % we =0 riin; FWHM=697; 845
=« =« t=58 min; FWHM=77.01; 847 Wl - e - t=54 min; FWHM=7.33; 848
# - - t=98 min; FWHM=75.64; 248 ¥ - t=04 mim; F'fJHMﬂ??;_#d?
=138 min; FWHM=77 65, #53 0.004 | | e o e
¥ -« te 174 min; FWHM=76.16; #54 F\ wo- t=170 min; FWHM=T.31; #55
01 j? z
0003 - ﬁ
3 g 4
E 8 @
=
: £1
§ o002 s &
0.05 ’3 s
* %
0.001 +~ E -
u L il 1 J ﬂ
200 150 100 50 0 50 100 40 200 <100 | 80 40 20 0
Recking Curve (urad) Rocking Curve (urad)

Conclusions: Performance GOOD
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APS_1438207

Sector 20-BM (Heald)

FOE Components for Bending Magnet Ling

Wirte Bae Sfe

Froni Ead Windowe
Whits Boam Mesk

i -I .

e -'! E. Inuiine mad -
%ullﬁ |||:|I1||I -

White Mirror

Mono
Water Cooled BESSRC mono
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20-BM (Dale Brewe, Steve. M. Heald, et al.) wewosswne

BESSRC Si(111) Water Cooled 7.0 keV Results

lon chamber counts (A.U.)

160x10° -| “®—FWHM 111 15.2 ]
~ —o—-FWHM 333 1.32
s | @ FWHM 111158 > 140 —
120x10° —| —@— FWHM 333 1.21 <
100 g T £150mA
1. ] z ing current:150m
o Mosa Tom0e A S 100 Mono: 70000V /]
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Conclusions:
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(Also did 20keV) mono OK



Results: Water Cooled Monochromators

= Already indications of monochromator distortions with some designs
=  Good news: We can learn from 19-BM & 20-BM designs

= Optimistic: NO ‘SHOW STOPPERS’. Simple know incremental
improvements will help. Working examples exist.

3
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Results: Water Cooled Monochromators

Take Home Message:
- Cautiously optimistic
- Time to dust-off old water-cooling tricks
- Cooling plate & coupling methods should be reviewed

2
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Conclusions

= We didn’t destroy any equipment !

= Diamonds & LN2 Cooled Monos — Looking Good
— If you look hard enough, most see broadening of RCs at high power
— no ‘show stoppers’, fixes available
— Some have but many have not pushed to highest powers

= Water Cooled devices are showing early signs of problems

— We can learn from the nicely performing water cooled designs to
repair/retrofit the poorly performing systems

Recommendations

= Second 2013-3 high current studies day, December 17, 2013
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Better than linear ?!

(Z. Liu FEA calcs - 18-ID & 19-ID)
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Z.Liu, et al., SRI2013 — Sector 19-ID Case

MLPD concept: Huang, Bilderback, Proc. Of SPIE, 8502 (2012)
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Diamond(111) Monochromator Strain Distribution

Strained Diamond
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