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[ Measuring longitudinal profiles with a photonic lantern ]

\
{ \

4 Problem statement h

Why non-scintillating optical fibers?
Why photonic lanterns?

\_ J

What do photonic lanterns do?

( N
Results

kHow do lanterns compare with fibers?)

[ What next? ]
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[ Radiative diagnostics: using light as a yardstick ]

[ Generation ] [ Transport ] [ Detection ]
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[ Radiative diagnostics: using light as a yardstick ]

[ Generation ]

Australian Synchrotron
Not to scale BTS -
Booster to
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[ Radiative diagnostics: using light as our yardstick ]

[ Generation ]
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Radiative diagnostics: using light as a yardstick

[ Generation ]

[ Transport ]

[ Detection ]

=
=
=

In-air, free space:
1. Lenses
2. Mirrors

. 3. Culverts

J

Silica crystal - CTFBPSCA0024
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[ Combining generation and transport ]

[ Generation ] + [ Transport ] [ Detection ]

15m 105um 0.10 NA Fiber 15m 105um 0.10 NA Fiber

A N 2 -
ﬁ ﬁ = AR

S
Q| E Transport occurs in
= the SAME fiber
-
-
—
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[ Intensity vs. dispersion trade-off ]

[ Generation ] + [ Transport ]

Multimode fibers (MMFs)
\LHigher ChR intensity i Dispersive transport

=\ N\
> >

Single mode fibers (SMFs)

&Poorer ChR intensity &Few-moded transport
> A~ - A~
> 1 > 1
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[ The best of both worlds? ]

[ Generation ] + [ Transport ]

Multimode fibers (MMFs) Single mode fibers (SMFs) datid

\LHigher ChR intensity \D:ew-moded transport
- -
Streak Camera
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[ The best of both worlds? Photonic lanterns ]

[ Generation ] + [ Transport ]

Multimode fibers (MMFs) Single mode fibers (SMFs) datid
\LHigher ChR intensity | Few-moded transport

- \

e, [

Streak Camera

This is what Photonic
lanterns are for!
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[ How do photonic lanterns work? ]

200pm fiber CCD image

THE UNIVERSITY OF

SYDNEY

Counts

Distance, x [um]
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Distance, y [pm]
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How do photonic lanterns work?

Fabricated by:

THE UNIVERSITY OF

SYDNEY ASTROPHOTONIC INSTRUMENTATION L ABORATORY
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Taper section

Multimode fiber

Single mode fibers
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[ How do photonic lanterns work? ]

"‘f y.f - ¥l 3 :
? \ i Slngle mode fibers

Photonic Lantern CCD image

Fabricated by:

300

Distance, x [pm]

0 100 200 300 400 500

SYDNEY ASTROPHOTONIC INSTRUMENTATION LABORATORY Distance, y [pm]
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How do photonic lanterns work?

Fabricated by:

THE UNIVERSITY OF

SYDNEY
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[ Streak cameras: a brief conceptual guide ]

t(y) |

t="T — Mlenses
—_ C 7 -
I P e
= s () [k
e | ! Morse(t)
— photocathode
= B
I

t=20 —|
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[ Streak cameras: a brief conceptual guide ]

t(y) Ve
Focussing
t="1T = lenses At(y_)
-
= C Effl Q PR AN N E (:
— I Morse(t) X m
] I — | .
I photocathode = phosphor phosphor
— screen output
m
t =0 —l |
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[ Streak cameras: a brief conceptual guide ]

:I:‘/S\-VCC
t(y) Focussing p
t="1T = lenses At(y_)
[
= C z - NN 3 =
— - O O Q““mio -
N -
e | DNvorse(t) ) = X
— photocathode = phosphor phosphor
= B screen output
H . » )
— Morse transcription analogy
t =0 ! 1. Paintbrush size <« Point-Spread-Function

2. Write speed < sweep speed (500ps/mm)
3. Paper movement «— shot-to-shot jitter

Dvorse(t) T3 (4. Limited ink < poor SNR y
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[ Dispersive broadening in action ]

e

X

72

]Morse(t)
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[ Back to reality: from Morse to Cherenkov ]

Ons

Yenr(t) ‘g’l
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[ Back to reality: from Morse to Cherenkov ]

t(y) [ Microbunching? ]

==
X
(X
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[ Back to reality: from Morse to Cherenkov ]

200pm fiber, 0.22NA, 200pC

-656

Intensity [arb. units]

Ons

Single-shot! But degraded

2 4 6 8 10 12
Spot size [magnified, mm]

a

venr(t) £

Time, swept axis [ns]
o =3 N w = (6] ()] ~ 0

o

YonRr(4)
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Excluding higher order skew modes

200pum fiber, 0.22NA, 200pC

Time, swept axis [ns]
©C = N W & U1 OO N O

o

2 4 6 8 10 12
Spot size [magnified, mm]

01/09/2026

1312

-984

-656

Intensity [arb. units]

Time, swept axis [ns]
o =3 N W = (6] ()] ~ 0

o
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200pum fiber, 0.22NA, 200pC

2 4 6 8 10 12
Spot size [magnified, mm]
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[ Excluding higher order skew modes ]

200pum fiber, 0.22NA, 200pC 200pm fiber, 0.22NA, 200pC

1312

8 1.0
Rd _984 - c O-
w6 5 >
X . 2
®5 2 = 0.6
- e &
2 , 656 &
7]
3 2 504
n 3 0 -
LY : —
£ 2 1328 & £0.2
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-4 - <

0.0
0 0 - - - - -
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[ Reducing numerical aperture to 0.10NA ]

105pum fiber, 0.10NA, 200pC 105pum fiber, 0.10NA, 200pC

554

iy
[
(6]

=
W
(o]
N
N
N
Intensity [arb. units]
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N
N
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[ Reducing numerical aperture to 0.10NA ]

105um fiber, 0.10NA, 200pC 105um fiber, 0.10NA, 200pC

554

8 1.0
E ! E g 0.8
2 st Eos |
w6 5 3
X ¢ £
®5 2 = 0.6
- = © |
2 , 277 8 5 “
)
3 2 S04
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2 2 1382 £0.2
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[ What about the Photonic lantern? ]

105um fiber, 0.10NA, Photonic Lantern,

554 685

8 8
L r— 'G‘ r—
-g- ’ 415 £ = ’ 513 £
n 6 S un6 Misalignment of lantern =
: t 2 P smallerinteracti E
45_4 277 & 45_4 maller interaction area 342 8
2 > 2 ” — >
3
v 3 = a3 Smaller beam spot needed =
o S 9 c
£ 2 S g2 g
= s = =

1 1

0 0

o

2 4 6 8 10 12 2 4 6 8 10 12
Spot size [magnified, mm] Spot size [magnified, mm]
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[ What about the Photonic lantern? ]

Photonic Lantern, 1nC EiE Photonic Lantern, 1nC

8 1.0
= 513 59
w6 5 2
X v B
@5 2 *=0.6
- e
2 , 3428
)
3 2 S50.4
1)) 3 'G #
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E2 1715:3 E 0.2
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[ Any hope for some signal recovery? ]

Ins

Ons

YonRr(E) ‘E
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[ So, what is our paintbrush size? (It's not small...) ]

o _ 351 105um fiber, 0.10NA, 200pC
105um Fiber PSF 1.0

= 71 “Focal spot paintbrush” -

c -~

e 6 263 'E € 0.8 h

o 3 3

% -

©5 2 0.6

=t — o

2 , 1758 =

Q Q

3 2 To0.4

w3 w
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g, 187 & £o0.2

- £ «
1 0.0 — :
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[ So, what is our paintbrush size? (It's not small...) ]

8 33l 105um fiber, 0.10NA, 200pC
1.0
w7 T~
c -
= 263 £ |
2 6 £ £os8 h
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2
o £ 5oe
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[ So, what is our paintbrush size? (It's not small...)

[ For the lantern, FWHM: 341t7ps! ]

105pum 0.10NA Point-Spread
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Im
= 0.025 =
5 c
> =
4 0.020 3
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g Q
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[ Deconvolution: a sanity check ]

Iobs(t) = hspot(t) * f Signal(t)

Deconvolution input Deconvolution output

1.0 1.0

= 0.8 -

= :!0.8

[ [

Tl 0.6' Tl

()] o 0-6

S 0.4 =

s * 0.4

2 0.2/ [

E i AI“..J ! E 0.2

0.0 : o= i EE Signal projection -

0.2 | | | | | - ,NOIS,y gall.lSSIaln moldel 0.0 | | | | | | | | | | |
0.9.9,9,.9 9290 »9.09.9,9,9,9 0,.9,9,9.9 9509 9.9,9,9,.9,9
/”)/'1,;1:/&/‘»/000‘»&’»’1;”; /”)/’b/’b/’\r/'\r/OQQ‘y‘\r'b'\f”)

Time [ns] Time [ns]
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[ Deconvolution: 200pC, 105um 0.10NA fiber ]

Iobs(t) = hspot(t) * f Signal(t)

Streak image projection Deconvolved projection
1.0- 1.01
| 392.4ps

— 0.8 ~ 0.8 ‘
5 3 | [ 410.8ps |
LA L 0.6
o 0:6 o
© ]
> >
£ 0.4 =04
o o
£ €
< 0.2 < 0.2 |

0.0 oL 0.0

-4 -2 0 2 4 -4 -2 0 2 4
Time [ns] Time [ns]
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[ Deconvolution: 850pC, 105um, 0.10NA fiber ]

Iobs(t) = hspot(t) * f Signal(t)

Streak image projection Deconvolved projection
1.0
110.3
[ 349.5ps | [ ps_J

—~ 0.8 | - 0.8 (
3 3 423.1ps |
© © )
R el 0-6
0 0-6 o
S S
0.4 + 0.4
[ -
£ £
< 0.2 < 0.2 q

0.0 | L 0.0

Time [ns] Time [ns]
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[ Deconvolution: 130pC, 105um, 0.10NA fiber ]

Iobs(t) = hspot(t) * f Signal(t)

Streak image projection Deconvolved projection
1.0 1.0 ]
[ 466.0ps ]
— 0.8 — 0.8 n
3 3
LI £o.6
3 3 | 484.0ps |
S S J
£ 0.4 £ 0.4/
5 5 [ 417.0ps |
£ £
< 0.2 < 0.2 q
0.0 0.0 b
-4 -2 0 2 4 -4 -2 0 2 4
Time [ns] Time [ns]
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[ Deconvolution: 1nC, Photonic Lantern ]

Iobs(t) = hspot(t) * f Signal(t)

Streak image projection 1.0 Deconvolved projection
1.0 ]
| 258.0ps |

— 0.8 — 081
> 3
© © | (
= 0.6 2 [ 214.0ps | \A h \ __202.0ps |
E E |
* 0.4 * 0.4
) -
£ £
< 0.2 < 0.2 J\ |

0.0 0.0 —"J""MJ

-4 -2 0 2 a4 -4 -2 0 2 a4
Time [ns] Time [ns]
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[ Deconvolution: 1nC, Photonic Lantern ]

Iobs(t) = hspot(t) * f Signal(t)

Streak image projection Deconvolved projection
1.0-
- 0.8 - 0.8
3 3
© ©
— — 0.6
0 0-6 o
S S
0.4 - 0.4
[ -
£ €
< 0.2 < 0.2

o
o
=
o

-4 =2 0 2 4 -4 ) 0 2 4
Time [ns] Time [ns]
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[ Deconvolution: 1nC, Photonic Lantern ]

Iobs(t) = hspot(t) * f Signal(t)

Streak image projection Deconvolved projection
1.0-
| 221.0ps |

-0.8 _ 0.8
L k 3 [ | [ 233.0ps |
© ©
= L 0.67 190.0ps
0 0-6 o
S S
£ 0.4 = 0.4
=) =
£ €
< 0.2 < 0.2 | n

0.0 0.0

-4 -2 0 2 a -4 -2 0 2 a
Time [ns] Time [ns]
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« Measure mean peak spacing across data

« Compare with PARMELA simulation

\- Low-pass to compare with 1.8GHz FCT

~N

_J
But more broadly; need ground truth.
A deflecting cavity would be ideal,
 We don’t have one at Aus Synch
\- Candidature concluding /

40



[ Where did we end up? ]

200pum fiber, 0.22NA, 200pC

1312

In single-shot and in-air:
« We generated ChR in MM fibers
 Transported ChR outside tunnel with fiber

-984

-656

Intensity [arb. units]

Time, swept axis [ns]
© B N W » U O N O

\- Detected ChR above streak cam noise floor /

o

2 4 6 8 10 12
Spot size [magnified, mm]

But lanterns require accumulation.

 First successful irradiation of a lantern

With streak camera PSF deconvolution:

« We (maybe) measure micro-bunch spacing
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