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outline

* We will review efforts by several groups:
MIT, SLAC, ANL, CU Boulder, TECH-X and others

* Band gap diagram will be simulated along with
some applications: wavegude, splitter,
directional coupler etc.

* Final project will contain a simulation of PBG
standing wave accelerating structure



Wave propagating through a periodic
structure example
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* Why? Band Gap. Recall Iris-loaded structure
from Monday lecture.

* Solid state physics analogy



PBG band gap
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* Picture from E. Smirnova



Band Gap Calculation Simulation

Perform parametric simulation in CST, using phase advance in two pairs of
periodic boundary conditions

* Picture from E. Smirnova



PBG parameter scanning
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* Picture from Joannopolous book



PBG resonators, waveguides etc...

* Simulate examples:

Type E-Field (peak) ¥
Monitor e-field (f=8.4) [1]

Component y

Maximum-3D 2687 19 U/m at 90 f 8 F 23.4459 - b

Frequency 8.4
Phase 8 degrees



PBG accelerating structures idea

Fundamental T™ , Dipole TM

* Picture from R. Marsh



PBG design (MIT)
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Rod radius (TW cell / coupler cell), a | 1.04 mm, 1.05 mm

Spacing between the rods, b 6.97 mm
a/b 0.155

Cavity length, L 5.83 mm
Phase advance per cell 2n /3

Iris radios, d 2.16 mm

. Iris thickness, ¢ 1.14 mm

* from E. Smirnova Froquency (TMo: mode) 7157 GHs




PBG vs Iris loaded structure

PBG disk-loaded structure | Disk-loaded cylindrical waveguide
Frequency 17.137 GHz 17.137 GHz
Quw 4188 5618
Ts 98 MQ2/m 139 MQ/m
[rs/Qu) 23.4 kQ2/m 24.7 kQ/m
Group velocity 0.013¢ 0.014c
Gradient 25.2,/P [MW] MV/m 25.1,/P[MW] MV/m

* from E. Smirnova




* Gradient 35 MV/m
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MIT PBG results

PBG_in=0.2 MW

PBG_in=1.7 MW
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Speciromater coil current, A

* from E. Smirnova

18.50
18.25
18.00

rgy, MaV

16.50

P, MW

1775}
S 1750}
E
@ 17.25}
&
© 17.00
m

16875}

0.00 0.500 1.000 1.500

0.0 3.0 100 150 200 250 300

25 yP[MW], MV/m



MIT — SLAC PBG test
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* Picture from R. Marsh






Pulse heating
7 PBG has low E/H ratio due to high H-field on rods

m Do see higher breakdown rates, but at high H regions, not
high E regions
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Analysis

3 Inner Rods damaged, Outer Rods undamaged

Outer Rod

Inner Rod

* Picture from R. Marsh, B. Munroe



Pulsed Heating Damage

7 For pillbox pulsed heating averages 60K per shot

7 For PBG pulsed heating averages 120K per shot

7 PBG additionally saw excursions to AT > 400K early 1n
testing
m These excursions may have caused immediate damage, degrading

future performance
m Pulsed heating must be limited in future experiments

i PSIC



Improved Design at 11 GHz

7 Based on what we learned, we need to:
m Reduce H on mner rods
m Be more careful when processing the structure

7 Elliptical inner rods reduce pulsed heating by 50%

IMir PSEC



HOM confinement
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From E. Smirnova



HOM confinement (AWA)
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WAKEFIELD EXPERIEMENT OF THE

We designed and
fabricated a X-band
PBG structure using
electroforming
technique at Tsinghua
University, China.

0 mode T3 mode 2173 mode
TM, like Freq. R/Q
Modes (GHz) (£2)
0 mode 11.10 4.86
Y3 11.31 148.5
2173 11.52 148.1

From C. Jing AWA experiments 20



Experimental Setup (1) .
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From C. Jing AWA experiments 21
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Experimental Results (I)----mode
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Experimental Results (I1)----Q
estimation

Q estimation based on the filtered mode signal

Acceleration mode

(11.55GHz)
Dipole
(14.46GHz) 0 E—

t (ns)

From C. Jing AWA experiments 24



Experimental Results (lI1)----time-
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Experimental Results (1V)----
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From C. Jing AWA experiments 26



Signal Sten

Experimental Results (V)----dipole
mode characterization
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Experimental Results (VI)----charge
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Experimental Results (VII)----two-
bunch collinear acceleration
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FURTHER EXPLORATION---exotic
ideas

PBG Circulating waveguide PBG Two channel accelertor
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HOM confinement (CU Boulder)
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* G. Werner, C. Bauer



Dielectric PBG Accelerators

[material || j (GH2) | T (K) | R, (M) tanb/10" [Fam) a@mm | Q |
Cu 3 300 15 o1 || 38 6.0 x 10°
Cu 30 | 300 | 44 21 || 38 2.1 x 104
Cu 30 | 100 17 21 || 38 5.3 x 10
Sapphire PC | 3 300 2 [13] 52 5 x 10°
AluminaPC | 3 300 413 [13] 52 | 7-20x104
SapphirePC | 22 | 300 072 9] 71 | 5-15x105
SapphirePC | 22 | 100 0.02-005  [9] 71 | 2-5%107
SapphirePC | 72 | 300 3 [1] 22 3 x 10°
SapphirePC | 72 | 100 0.1 [1] 22 1% 107

G. Werner, C. Bauer



Multi mode PBG

Diffrac. Q Damped Q

* Remove rods TM,, 17 GHz 19,000 18,000
» Radial defects function as
: 19 GHz 3500 600
waveguides
31 GHz 34 10° 90

* Operating mode still well-
confined (below cutoff) 31.1 GHz 37108 90

A. Cook et al (MIT)



Woodpile structure
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Laser-driven structure
(1500 — 2200 nm)



Fabrication

Wafer 4-13 (9 layers) Wafer 4-15 (8 layers)

‘Spot‘ Mag |Det| WD Date
2

|
5I<\r’ 0000 x| SE | 7.9 mrm |06/11/10, 7:49 |

‘Spot‘ Mag |Det Date |
2

5k\f’ 0000 x SE‘64mm 0B/11/10, &:04 |

|Spol| Mag |Det| WD Date \ |Sp0t‘ Mag Date | ‘Spot‘ Mag |Det Date
2 1 ]

Det
sw 5000 x| SE 5.8 mim | 08/11/10, 7:24 | SKV ZOOOX‘ ‘84mm 06/11/10. 757 | 5kv 5000 x| SE ‘179mm 06/11/10, 7:56 |

C. McGuinness




Crystal Fibre HC-1060 Fiber Defect ~ 9.5 microns, Lattice period ~ 2.75 microns

B. Noble (SLAC)



summary

PBG has a built in HOM absorption mechanism
It has been shown to work
Scalable up to optical

Current challenges: Pulsed heating of he inner
rods; manufacturing tolerances

Mode excitation for optical
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