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X-ray generator

ldea from Patent US 20140044239 A1

One new feature: time tagging of the X-ray production
Possible usage:

- triggerable and modulated X-ray generator

- precise time tagging of X-rays

- low quantum efficiency (but fast) UV PMT



WLS: from UV to X-ray
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The target

Target|Transition E(EE(%V Eff(lglrency atteé\flﬁt[ion
Ti K 4.5 6.7x10 1.3x10
ir/) K 54 | 3.5x10 | 3.1x10
Fe K 6.4 1.5x10 7.5x10
Ni K 7.4
Cu K 8.0 1.2x10 6.0x10
Ag L 3.4
Pt M 2.2 2.4x10 /
AU M 2.3 3.9x10 /
Pb M 2.4 2.4x10 /




The MCP

- Gain > 10¢
measure single photoelectrons
about the same order of UV input and X-ray output

- Intrinsic time resolution << 100 ps
- Dark current << Hz
- Operative at pressure < 104 mbar

- Compact size



Operation modes

“Amplitude and time modulation”:
- several X-rays out every UV bunch in
- time resolution limited by the UV source

“Low intensity”:
- X-Ray out < 1 every UV bunch in
- time resolution given by the tagging signal



Engineering design

Designed by Christophe Bault




Assembly

Target Cathode side
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First operation

"“ TELEDYNE LECROY
Everywhereyoulook

Positive HV off Single photoelectrons

No X-rays MCP gain of about 3x10°
Used as PMT
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Reflections caused by
non-ideal signal routing
(improved but improvable)

= - ‘ e Anyway rise-time < 500 ps

"\‘ TELEDYNE LECROY
Everywhereyoulook

After-pulses due to ion feedback
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- MCP chevron configuration
- residual gas

Trigger
10.0 ns/div |Stop -3.50 mV
0 dge Neg
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First operation

"~‘ TELEDYNE LECROY
Everywhereyoulook

Positive HV off Single photoelectrons

No X-rays MCP gain of about 3x10°
Used as PMT
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Reflections caused by
non-ideal signal routing
(improved but improvable)

) ‘ e Anyway rise-time < 500 ps

".‘ TELEDYNE LECROY
Everywhereyoulook™

When positive HV is on
signals change sign and shape

Not all electrons are collected
on the semi-transparent anode
and electrons move away from it

Tngger (MDA
10.0 ns/div Stop  2.00 mV/|
0 dge Neg
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First operation

And X-rays are produced

X-ray generator tagging signal

X-ray detector signal

1.00 V/div
-2.000 V

"\‘ TELEDYNE LECROY

Everywhereyoulook™

Tbase  -2.00 ps
2.00 ps/div| |Stop 250 mV
200 kS 10 GS/s Edge Positive
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1.00 V/div
-2.000 V

First operation

Of the right energy (5.4 keV)

Tbase 200 s
2.00 ps/div |Stop 250 mV
200 kS 10 GS/s \[Edge Positive
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First operation

And only when the UV light is on

Al A A R

"“ TELEDYNE LECROY

Everywhereyoulook™

(it pbap A L L R A g

(DCE0 [EwL[DCTM Thase  -220 ps
5.00 mV 1.00 V/div 5.00 V/div 500 ps/div| Stop  4.00V
0.00 mV 0 mV offse 0.00 V ofst 5 MS 1 GS/s Edge Positive

: ~
/ I Original use of the device:

X-ray generator LED pulser time structure and intensity of X-rays
X-ray detector reflect the ones of UV light
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A twist in the WLS story

Optical readout TPC

X-ray generator LI

Semi-collimated
X-ray beam

< >
10 cm

AT NENEEEREN

Ar/CF4 scintillates in the visible

From UV through X-rays to visible...
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amplitude (mV)

Depth of interaction

s . iopiorgion ; Examples of applications:
ol o _ - amplitude vs drift time
(electronegative impurities)
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Preliminary

Like silicon (detector)

Again to is set by the X-ray tagging signal.

Preliminary depth of interaction study (timing, charge, and signal shape)
In high-gain ‘Hyper-fast’ silicon detector with trans-impedance preamplifier

arrival time
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100 &
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‘Ly'::} -

50.0 #idiv € 1.00 mvidiv
2.00 mvrdiv 1.00 nsidiv
5.277 k¥ 5.277 k¥

amplitude vs time

Timehase 6.00ns§Trigger
200 nsidiv Stop  -1.00mVY
2008 10 GSis Qualified Pos

Mean free path of 5.4 keV X-rays in silicon (~1500 e-/h+): ~20 um
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Preliminary

Offline data
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amplitude (mV)
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Offline data

First two interesting features
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Preliminary

Offline data
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amplitude (mV)
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Offline data

Silicon detector signals
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In the process of understanding these features
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Summary and outlook

Summary:

- Time-tagging of the X-ray generation is established

- Ultimate time resolution is expected to be << 100 ps

- The device can be used as a very fast UV-PMT

- Depth of interaction studies is only one of the possible usages
Outlook:

- Several things understood and few things to be improved (signal)
- Use a very fast LED driver (several X-rays in few tens ps)

- Start using it as a tool to study detectors
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