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ACCELERATING STRUCTURES
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11.4 GHz - CLIC vgl, T18

QUADRANTS
2 damped structures (1 from KEK and 1 from
CERN)

DISKS

5 undamped structures (4 from KEK/SLAC and 1
from CERN)

3 damped structures (2 from KEK/SLAC and 1
from CERN)

Damped quadrants

Undamped disk
= A .

for brazing (CERN)
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0 i s ) 11.4 GHz - CLIC G and C10

CLICG-T24 C10 (sealed configuration, tuning as
11.4 GHz (tank and sealed SLAC design)

configurations possible) - 10 undamped structures

- 2 undamped structures (2 from KEK/SLAC and 8 from SLAC)
from CERN

- 1 damped structure from - 4 damped structures

CERN ( 2 from KEK/SLAC and 2 from CERN)

12 GHz (tank) CLIC G under
- 1 undamped structure e ayTRara

- 1 damped structure

undamped

== =
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me-svemwll |\/cchanical design —Parameterization

Alexandre.Samochkine @ cern.ch
. ( Mame =

No 1 1 1 1 1 L. 1 I 1 1 Item o

b' | a' | t' |rdw'| C' |c_iris'| eb' jadw'|idw g t_pr ?ﬂllWNSDHGI_D_DDl.CP.TPart

(mm) | (mm]) {(mm)|{mm)|(mm)| (mm) |(mm)|{mm)|(mm}| (mm) (mm)
9 [ 115 [5817 2897 0290 [1304] 118 92 Match.Ins A ] ﬂllWNSDVGI_I_DDE.CﬂTPart
1 /96764060 (2.794 | 3.964 | 0.692 | 0279 [1517] 118 | 92 5976 [Match.Cell A ] J
2 [9178]4.019 2750 | 4.118] 033 | 0275 |1492| 118] 92 | 5976 |Cald 2794 ¢ m HWHSDYGL_2_003.CATRart
3 912539362663 4.121] 033 | 0266 [1442] 11.8] 92 | 6041 |Col2 2750] ¢ ﬂllWNSDHGI_S_DD*LC.ﬁ.TF'art
4 [9.073] 3854|2576 4.123] 033 | 0258 [1302] 118] 92 | 6128 |cal3 2663
5 [9023]3.772(2.489[4.125] 0.33 | 0.249 [1342] 11.8] 92 | 6215 |Celd 2576) ¢ ?ﬂllWNSDHGl_#_DDE.CP.TF‘art
8 |6074|3680 2402|4127 | 033 | 0240 [1292] 118 | 92 | 6302 |cel5 2489 ¢
7 169273607 [2315]4129] 033 | 0232 [1242[ 118 ] 92 | 6389  |Cel6 24m2] QHWNSDHGI—S—DDE'CQTPE‘“
8 |6282|3525 2208|4131 033 | 0223 [1193] 118 | 92 | 6476 |cel] 2315 ¢ J
9 |82 34422141 (4133|033 | 0214 [1143] 118 ] 92 | 6563 [cels 2228 ¢ m HIWHEDYGL 6 007, CATPart
108796 3.360 [ 2054 | 4134 ] 033 | 0205 |1094] 118] 02 | 6650 |cal9 2141 ﬂllWNSDHGI_.’-"_ﬂDE.C.ﬁ.TF‘art
118755 3276 [ 1967 4135] 033 | 0197 1045|118 92 | 6738 |Cal 0 2054 ¢
12 [8.716 3195 1880 | 4137] 0.33 | 0188 |0995| 118 92 | 6825 |Calid 1967] ¢ QIIWNSDHGI_E_DDQ.CP.TF'EH
13]8678] 31131793 ]4138] 033 [ 0178 Joo46| 118] 92 | 6812 |cal12 1880] ¢
148642 [3.031 [1706 ] 4.138] 033 | 0171 [0807| 118 92 | 6999 |calf3 17%3] ¢ ﬂllWNSDVGI_‘H_ﬂID.C.ﬁ.TF‘art
158608 2,948 [1619]4.130] 033 | 0.162 [0848] 118] 92 | 7086 |Cal14 1708] ¢ J
16 [8.576 [ 2.866 [ 1532 [ 4.139] 0.33 | 0.153 [0800] 118 92 [ 7173 [call{5 1619] ¢ m HIWHEDYG1_10_011.CATRart
178544 2784 [1445]4140] 033 | 0144 [o751] 118] 92 | 7260 |celt6 1532] ¢ @1IWNSD'I.-'GI_II_DIE.CF'.TF'art
18 [8515 27011356 [ 4140] 033 | 0136 |0703| 118 92 | 7347 |calldT 1445] ¢
10 [8487 | 2660 [1314]4130] 033 [ 0131 [0679] 118 02 | 7412 [Celt3 1358 ;ﬁﬂIIWNSD'-.-'GI_IE_EIIS.CP.TPart
(20[8.9255.224 | 2.157 [ 4.086 | 033 | 0.257 | 0.85 | 118 92 | 7.013 |MaichCelB|1314]

53] 1 1WHSDVGT_13_014.CATPart
10 | | o P 1207 1)1 1WNSDVG1_14_015.CATPart

J3)] 1 1WNSDVG1_15_016.CATPart
8] 1 1WNSDVG_16_017.CATPart
3] 1 1WHNSDVGT_17_018.CATPart
3] 1 1WHNSDVG_18_019.CATPart
3] 1 1WHSDVG_19_020.CATPart
3] 1 1WHNSDVGT_20_021.CATPart
53] 1 1WNSDVGT_A_023, CATPart
B 1 1WNSDVGT_B_022 CATPart

SmarTeam

Assemblél Design
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NOTE 6

Zone X

..1{__{"_-50 1

- Diamend stylus
B rafereance line
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Mechanical design - disks
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?580 +0.005
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4|0.1]/A[B|C

Section
Scale:

Disk diameter: 80 mm
4 tuning holes (push-pull

possible)

Assembly by brazing
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Dimensional control

TD18 (VDL)

H

Enabling Technologies Group

Inspection Report

”Drawing no.

CLIAAS110069

Prod. Nr. 1

Description

11 GHZ ACCELLERATING STRUCTURE CELL 07 - 11WDSDVG1CU

Meas. Date

RefA '+ 0.002 0.0012
2 Outer diameter Ref B 80.000 0.0050 | -0.0050 | 79.9998
3 0.002 0.000 0.0020 | 0.0000 0.0010
= — - 4 0.005 A 0.000 0.0050 | 0.0000 0.0002
Stz x| coomy oo (] | | s covten e 5 Width of cross Z+ 11.800 | 00040 | -0.0040 | 11.7999
Ivet [ sowg [Tor)
Off 1 magafasan ] O Me¥| w7 ez moms|  vemdewsn | oo Hepet 8 Width of cross Z- 11.800 0.0040 | -0.0040 | 11.7999
Mag. X SO0 =
s e e o amm) Dlbeemmdiod 7 Width of cross Y- 11.800 | 0.0040 | -0.0040 | 11.793%
Contour piot | Lnear piot | Ponts | Hstograms | Input fie 8 Widih of cross Y+ 11.800 0.0040 0.0040 11.8006
. — Syt Do ot o b S| ~~ ol 9 0.005 A 8.7045 0.0025 | -0.0025 | 8.7056
.00 il 10 Plane opposite Ref A / 0.002 0.000 0.0020 | 0.0000 0.0012
6 800 - il
o ? 1 -+ 0.005 A 6.4765 00025 | -0.0025 | 6.4767
e ‘1 12 Bottom plane cross * 0.002 0.000 0.0020 | 0.0000 0.0016
20.000 ‘
=90 13 Depth of recess for solder foil 0.040 0.0100 | -0.0100 0.0375
oy 14 Diameter undulation 7.050 | 0.0040 | -0.0040 | 7.0525
£ 2o j 15 0.002 0.000 0.0020 | 0.0000 0.0011
:: j 18 Undulation ~ 0.004 A B 0.000 0.0040 | 0.0000 0.0040
coen i 19 Cross 0004 A B 0.000 0.0040 | 0.0000 0.0040
- i 18,000 - {
12,000 = Q. '
10,000 - : : 1
saco 16,000~ ;
5000 P — ' { v
4000 . . 14.000 - :
3.000 -, . . ' q
Meagurement [me] 1 12,000~ .:
Mesorement (] 8] 3[0 |EHR ™ I . ! A
e alni | ¢l 10,000~ ; x:j"
= .
" LY
8.000- ;‘_E:\ -
- “m.\_
6.000-| I Sy et
- - -—___-_ __’f'_,; L e T L
| ey R
4.000-| "
3'Wo-ll 1 ] L} L] L] '
2.000 4.000 6.000 8.000 10.000 12.000 14,004
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O o) Dimensional control

Section 7

Section 4 7

v
Lf T18 (Kugler)

Requirements: +/- 5 micro
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mu-rvewull Achieved shape accuracy (quadrant)
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Achieved accuracy (disk)

11.4 GHz [accuracy in um]

30 GHz [accuracy in um]

6 - 6 -
5 Speed bump 5 - TD18 disk
4 - 4
3 - 3 -

SA OD ID Th RaX -1 SA OD ID Th RaX

-2 100 100 -2 100 100
3 3l

4 Specified Achieved 4 Specified Achieved

5 - 5 |

6 - 6 L

SA: iris shape accuracy
OD: outer diameter

ID: inner diameter

Th: iris thickness

Ra: roughness
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11.422 GHz: average phase advance/cell~

124.3 deg/cell (average only for the regular cells)
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* ¢ - * * * ¢ ¢ M * *
*
0 2 4 6 8 10 12 14 16 18 20
Cell #

S11+S21 (240 deg phase advance)

0.08 - - 11.416 GHz
- 11.422 GHz

-012

T T
-0.08 0.08
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File

Recrystallization after thermal treatment
(vacuum brazing cycle at 820 C)

-

30CNSD2.0Cu (VDL) disc; Nro 34; after brazing; flat side S. HEIKKINEN IMEMM . ' :
30CNSDZ.0CU [VOL) disc; Nro 34; after brazing; flat side NEN TSMMEMM

File Nam




Single Cell Accelerator Structures

Goals

e Study rf breakdown in practical accelerating structures:
dependence on circuit parameters, materials, cell
shapes and surface processing techniques

Difficulties |
« Full scale structures arelong, complex, and expensive

Solution

« 3nglecdll Traveling wave (TW) and single cell
standing wave (SW) structures with properties close to
that of full scale structures

 Reusablecouplers

We want to predict breakdown behavior
for practical structures ¥ Gl



Tests of SIingle Cell Standing Wave Structures

Tested
Low shunt impedance, a/lambda = 0.215, 1C-SAN-A5.65-T4.6-Cu, 4 tested
Low shunt impedance, TiN coated, 1C-SAN-A5.65-T4.6-Cu-TiN, 1 tested
*Three high gradient cells, low shunt impedance, 3C-SW-A5.65-T4.6-Cu, 2 tested
*High shunt impedance, elliptical iris, a/lambda = 0.143, 1C-SAN-A3.75-T2.6-Cu,
1 tested
*High shunt impedance, round iris, a/lambda = 0.143, 1C-SW-A3.75-T1.66-Cu,
1 tested
*Choke in high gradient cell, 1C-SA-A5.65-T4.6-Choke-Cu, 2 tested
L_ow shunt impedance, made of CuZr, 1C-SW-A5.65-T4.6-CuZr, 1 tested

Now 13 test under way,
low shunt impedance cupper structure
1C-SW-AL.65-T4.6-Cu-Frascati-#2

V. Dolgashev



} Next experiments, asfor 13 October 2008
" Enpj Hwt;y tests:
ngh shunt impedance, dliptical iris, 1C-SW-A3.75-T2.6-Cu
High shunt impedance, round iris, 1C-SW-A3.75-T1.66-Cu
Low shunt impedance, made of CuZr, 1C-SAN-A5.65-T4.6-CuZr

Three high gradient cells, low shunt impedance, 3C-SA-A5.65-T4.6-Cu

Geometry tests:

Photonic-Band-Gap in high gradient cell, 1C-SW-A5.65-T4.6-Cu-PBG
Highest shunt impedance, a/lambda = 0.105, 1C-SAM-A2.75-T2.0-Cu

Three cells, WR90 coupling to power source, 3C-SW-A5.65-T4.6-Cu-WR90
High shunt impedance, choke with 4mm gap, 1C-SW-A3.75-T2.6-Choke-Cu

Materials:

High shunt impedance, elliptical iris, 6N copper, 1C-SAN-A3.75-T2.6-6N-Cu
High shunt impedance, made of CuZr, 1C-SW-A3.75-T2.6-CuZr

L ow shunt impedance, made of CuCr, 1C-SW-A5.65-T4.6-CuCr

High shunt impedance, made of CuAg, 1C-SA-A3.75-T2.6-CuAg

L ow shunt impedance, made of CuAg, 1C-SW-A5.65-T4.6-CuAg

Traveling Wave structures, different materials
TS3MC first cell:

Copper, 1C-TW-A3.88-T1.66-Cu

Stainless steel, 1C-TW-A3.88-T1.66-SS
Copper-Molybdenum, 1C-TW-A3.88-T1.66-CuMo

V. Dolgashev
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“ | PETS at 12 GHz
L=1000 mm
Tested in the TBTS

PETS at 11.4 GHz
L=300 mm
Tested at SLAC




Mechanical design

G ZONE A
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INSIDE ZONE A: |©5/0.015/A[B|C| OUTSIDE ZONE A:
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e
s =
CLIC
- Profile [~ Measuredprofie |7 Upper tolerance lmit | Lower tolerance lmit Upper tolerance limit 2 | Lower tolerance bmit2 [

~-10.00 -
<10.254
-10,50-
-10,75-
-11.00-
-11.25-

-1L.50-
-11..75- \
-12,00- -

-12.25-
-12.50-
-12. 75~
-13.00-
-13.25-
-13,50-
-13.75-
-14,00-
-14.25- ~—— e \ o
-14,50- N i } d l'.,'{‘
-14.75= R\ 41; \l
-15.00- ¥ p )\
-15.25~ \ - B %
A\ .

/
-15,50- : ) 17 ;9 N

e o % g & -
-15.75- S o I \R__’/

-16.00-
=16.25
-16.50 -
-16. 75~

-17.00-, I i 1 | ' | 1 | 1 | 1 ' 1 ' ' ' 1 ' 1 | 1 | [ | 1 1 '
4.00 500 6.00 700 B8.00 9500 1000 1100 1200 13,00 1400 1500 16.00 17.00 18.00 19.00 20.00 21.00 2200 23.00 24.00 2500 2600 2700 28.00 29.00 30.00 3100
Measurement [mm]

N

Heeight [mm]

During fabrication decision to enlarge the shape tolerance to +/- 25 um
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RF Components
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RF components

Splitters

RF and mechanical design, CERN
Under fabrication VDL, Holland
10 units

Choke mode flanges

RF and mechanical design, CERN
Fabrication CINEL, Italy
5 units, 2 available at CERN

RF and mechanical design, CERN
Fabrication Fluckiger, CH
2 units shipped to SLAC
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O s RF components

Attenuator/phase shifter Scaled from 30 GHz CERN version. GYCOM Russia.
5 units: 2 available at CERN

(stainless steel) RF load
12 GHz

RF and mechanical design, CERN
Fabrication CINEL, Italy and VDL, Holland
10 units: 6 available at CERN (AISI316LN)

11.4 GHz

RF and mechanical design, CERN
Under fabrication CINEL

4 units (SS430)
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Structure status

CLIC accelerating structures (from 2007)

Freq. Structure Cat. |Status [ Supplier
C30_vgl.1l old vgl.1 ES |available at KEK
TD18_vg2.4_quad=1 |11WDSQuolCu.l|FS | ASrmilabie s e LR, et e i 7/|CERN (VDL)
TD18_vg2.4_quad=3  |[11WDSQvglCu.3 [FS |shipped o SLAC in CW26/08 CERN (VDL) . . .
TD18_vg2.4_quad=4 |11WDSQvglcu.4 |PS__|quadrant delivered at KEK in CW18/08 KEK (U-Coorporation) 3 O G H Z I n th e p I p e I I n e
TD18_vg2.4_quad=2 |11WDSQvglCu.2 |PS |quadrant deliverad at KEK in CW18/08 KEK (Hitachi)
TD18_vg2.4_quad=5 [11WDSQvgiCu.5 |FS al design finished KEK
T18 vg2.4 disk=2 11WNSDvglCu.2 [TU |under testing at KEK KEK, tested at KEK
~  |T1B_wg2.4_disk=1 11WNSDvgiCu.l |[TU [tested at SLAC KEK, tested at SLAC - S p e e d b u l I I p
2 [T18 vg2.4 disk=3 11WNSDvg1Cu.3 [TU |available at SLAC, bonded KEK.
T18_wg2.4_disk=4 11WNSDvgiCu.4 |TU  [available 3t SLAC, under bonding KEK
T18 wvg2.4_disk=5 11WNSDvglCu.5 |TU [eells available at CERN, brazed finished, tuning? CERN (Kugler) - T IVI 02
TD18_vg2.4_dis 11WDSDvglCu.l [FS |cells available at CERN, Under brazing CERN (VDL)
TD18_vg2.4_dis 11WDSDvglCu.2 [FS |being machined: KEK.
TD18_vg2.4_disk=3 11WDSDvglCu.3 |[FS  [being machined KEK
T28_vg2.9 11T26vg3DCu TU  |under testing at SLAC SLAC - Vg 2 6
N T18_vg2.4 quad 11WNSQuglCu |TU |on hold T T —rro— T T T T . =
5 €10 vg2.25 thick#1 |11CNSD2.3Cu.l |ES |postponed by CERN to 2009 SLAC Ca0_vatx_nj2 [SochsDipzcu_ [Fs  [iestedini2007 ]
4 C10_vg2.25_thick=2 11CNSD2.3Cu.2 |ES |postponed by CERN to 2009 SLAC - o m "
< C10_vao.7=1L 11CNSD0.7Cu.1_|ES _|being machined pisces resdy CWas SLAC C30_vg4.7_ W | 27/3 clamped |FS |available at CERN
b C10_vgo. 11CNSDO0.7Cu.2_|ES _|being machined pieces ready CW43 SLAC Pulse heating cavity ES  |avallable at CERN
C10_vg3 11CNSD3.3Cu.1 |ES  |postponed by CERN to 2009 SLAC HDS11_vgx_Cu 30HDS11S_Cu FS |available at CERN CERN (IMTEC)
C10_vg3. L1CNSD3.3Cu.2 [ES |postponed by CERN to 2008 SLAC HDS11_vgx_Mo 30HDS11S_Mo |FS_ |available at CERN CERN (IMTEC)

o [l val. LICNSDL.4Cu.1 1P [EARMILEEIEE SRS ER ot SLAC HDS11_vgx_Ti 30HDS11S_Ti__|FS__|available at CERN CERN (IMTEC)

E] = VX - )

S nggi e ::::g ::z::::g pieces ready Cw43 S HDS4_vg2.6_thick=2 |30HDS_ TkCu.2 |FS  |Tested in 2007 === 2008 CERN (GREENFOX)
C10_vgl 11CNSD1.4Cu.4 |ES  |being machined KEK. HDS4 vg2.6_thick=1l |30HDS _TkCu.l |FS (GREENFOX)
CD10_vgl.35% 11CDSD1.4Cu.1_|FS |being machined KEK NDS4_vg2.5_thick#1  |30CNSQ_TkCu.l [TU  Auanabie ar i e mit i matie on sia setiati s, ) (VDL)
CD10_vgl.3 11CDSDi.4Cu.2 |FS |being machined KEK NDS4_vqg2.5_thick=2 |30CNSQ_TkCu.2 |TU |tested in 2007 (vDL}

v - 7 B e oo P
CDi0-val 3551110201 400 |5 mder mechanicar design e % MOSAvasOthn  [SOCWSQTRCu  TU Buselil SRR i AR e (e
D10 choke damped Snder comeepiial dosian 5 HDS11_vga=1 30HDSR1Z_Cu.l |FS |available ak CERN CERN (VDL)
T24_vgl.6_disk TIWNSDCGCu  |TU  |being machined CERN 2 HDS11_vg2#2 30HDSR12_Cu.? |FS ava\\able at CERN CERN (Unitek)

O [TD24_vgl.8_disk 11WDSDCGCu___|FS ’wmhed CERN C30_vgd.7_guad 0CNSQ2p3Cu  |TU  (BUaiabie sUr Bunl Lahatte aoory. ) (Micron-Cluny)
1024 _vg1.8 disk CuZr C30_vgd.7_sb 30CNSDsbCu ES  |under testing [SB reverse] CERN (WVDL)

S00 T 500 GeV ‘ C30_vgd.7_Cuirs CERN
Coupler|New coupler design = _ . . — .
- - — C30_vg2.6 30CNSD2.6Cu ES |being machined, cells ready Cw42 CERM (Kugler)
I - S C30_vg8.2 socusbe.2cu [E5 [N CERN
: — -‘? — - ‘ C30_vg2_TMO2 30CNSD2.0Cu  |ES  |available 3t CERN CERM (VDL)
e o T HDS11_vgx_CuSs 30HDS115CuU.5S |ES  |available at CERN CERN
T25_vg2.2 CERN
. . . HDS4_vg2.6_thick_Mo |[20HDS__TkMo FS on hold CERN (GREENFOX)
X_ba nd Structu res In the pl pel | ne NDS4_vg2.5_thick 30CNSQ_TkMo  |TU  |on held
Bi-metal structure FS _ |on hold

CLICvgl CLIC PETS

Frequency |Type Name Cat. |Status Supplier

- C LI C G ( 1 1 4 a n d 1 2 G H Z) Couplers 11PETSC.1 -2 FS |available at CERN CERN (G&P vacuum; Unitek]
* 11.4 GHz PETS (no damp. mat.) |11PETS.1 FS |available at CERN CERN (Unitek)
C 10 PETS (with damp.mat.)|[11PETS.2 FS  |mechanical design finished, fabrication on hold CERN
Prototype bar 12PETS122.P1 PS  |available at CERN CERN (IMP)
Couplers 12PETS122C.1-2 |[FS  |available at CERN CERM (G&P wacuum)
- C LI C 500 G eV St ru Ct u re 12 GHz PETS (no damp. mat.) |12PETS122.1 FS |mechanical design finished, fabrication on haold CERN (CINEL)
PETS (with damp.mat.)|12PETS122.2 Fs  |available at CERN CERM (VDL)
C 10 C h O ke O d e PETS (on/off mech.) |12PETS122.3 FS  |on hold
30 GHz _ [replacement PETS [30PETS [Fs [available at CERN CERN (IMTEC)

CLIC structures with compact coupler  feew

FS: Full structure, including HDS ES: Experimental structure

TU: Tapered undamped structure PS: Prototype structure
CLICO08 — Structure production and MS, 15.10.2008 27




fa ~> X-band Structure Master Schedule 1/2

CLIC ™=
last update: 07.10.2008

2009
3 4 15 3 4 15 G 7 8 9 |10 )11 | 12
K | TD18 vg2.4 quad#s [ KEK
K T18 vg2.4 disk#2 SLAC
K T18 vg2.4 disk#3 -Ein
K T18 vg2.4_disk#d [ KEK 2
K TD18 vg2.4 disk 2 SLAC m
K TD18 vg2.4 disk 3 “
K C10_vgl.3583
K C10_vgl.3584 |
K CD10_vgl.3581 I
K CD10_vgl.3582
K KX03 HIEH
NLCTAL
51 T18 vg2.4 disk#l 'sac
51 TD18 vg2.d quad#s E r L.
1 | T24 vel. disk{11.4) c1_ 2
51 | TD24 vgl.8 disk (11.4) mm
51 HDX11_Cu 51 2
51 | Ti8 vg2.4 disk#l R
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NLCTA2

2008

T18 vg2.4_disk#s

2 | TD18_vg2.4_disk_1 X-band Structure Master Schedule 2/
52 T28 vg2.6{T26) SLAC
52 T_500 GeV
52 T53
ASTA
53 C10_vg0.7#1
<3 C10_vg0. 742
53 C10_vgl.35#1
53 C10_vgl.3542
53 C10_vg2.2541 SLAC
53 C10_vg2.2542 SLAC E*!E}
<3 C10 vg3.3#1 - @
53 C10 vg3.382 I~3!fm> SLAC | EVXE)
53 CD10_vgl.3543
53 | PETS 11.4 no damping EEE!I* IEE!I* *
53 PETS 11.4 damping
C | T24_vgl.8_disk(12)
C | TD24 vgl.8 disk (12)
C | PETS12nodamping NI CERN _ 2
C PETS 12 damping

*
)

shipment done

fabrication

- bonding/assembly

p prototype under gualification

heat treatment - testing 29



