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What are the possible observables?

Protons:
•Divergence
•Energy (spectrum)
•Source size
•Emittance
•Duration

Electrons:
•Ne
•Te (spectrum)
•Divergence
•Spatial distribution

Spectrometer+RCF

RCF

RCF

RCF

???



Magnetic spectrometer is a standard one 
equipped with calibrated IP as detector

A. Mancic et al., Rev. Sci. Instrum. 79, 073301 (2008)

For e-: see H. Chen RSI, K. Tanaka RSI
For protons: 

+ confirmed by 
activation of RCF 
with CENBG
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Consistent with measurements on 
other facilities

A. Mancic et al., HEDP 
6, 21-28 (2010)



Emittance & source size measurements rely on 
using grooved targets

protons

RCF

Laser

Target with grooves

T. Cowan et al., PRL 2004



Transverse emittance measurement

z’

zx

z (a) perfect beam (b) turbulent beam



Record-low values, limited by 
magnetic instability

A. Kemp et al., PRE 2007



Allows also the measure the virtual
source size
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What are the possible observables?

Protons:
•Divergence
•Energy (spectrum)
•Source size
•Emittance
•Duration

Electrons:
•Ne
•Te (spectrum)
•Divergence
•Spatial distribution

Spectrometer+RCF

RCF

RCF

RCF

???

Direct (e- measurements) 
or indirect (fitting of p+ measurements)



The diagnostics used for electrons
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A local diagnostic of electron properties at the target rear
(TASRI)
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Bulk (cold)electron 
expansion at
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Phase shift of a probe beam 
depends on electron density !



Profiles of [d/dt](t) change at different
radii
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Linear phase shift due to Doppler target motion; early
overshoot due to low-density hot electrons cloud
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Example
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Can we relate distant (escaping e-) & local diagnostics ?

 Kinetic fluid simulations show that the tail of the e-
distribution keeps a constant T

P. Mora & T. Grismayer, PRL 102, 145001 (2009)



This is confirmed by 2D PIC (A. Kemp, LLNL)

& also hybrid simulations (Ohio State U.)



Example of correlation regarding hot
electron temperature

Exp @ 1ω / 10 µm Al 

I=5 1019 W/cm² / tlaser=320 fs



Determination of the hot electron temperature Thot
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Thot=0.85±0.2 MeV

1)  TASRI
(expansion speed of 
hot electron cloud)
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Determination of the hot electron temperature Thot

INDIRECT
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Example of correlation regarding hot
electron number

Exp @ 1ω / Al 25 µm

I~3e18 W/cm² / tlaser=5 ps 



Determination of the hot electron density nhot or total number Nhot

nhot DIRECT

Exp @ 1ω / Al 25 µm
I~3e18 W/cm² / tlaser=5 ps 
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Determination of the hot electron density nhot or total number Nhot

nhot INDIRECT

RCF using grooved target:
1) Every RCF is associated to one proton energy
2) Grooves on target allow retrieving the source diameter producing this 

energy
3) A model allows to associate proton energy to electron density:

Eproton=2*Z*kb*Th*(ln(τ+(τ²+1)0.5)²
τ=ωpi*tlaser/2.32

ωpi=(nhotZe²/miε0)0.5

unknown

protons

RCF

Laser

Target with grooves

P.Mora, Phys. Rev. Lett. 90,185002 (2003)
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Determination of the hot electron density nhot or total number Nhot

nhot INDIRECT

Exp @ 1ω / Al 25 µm
I~3e18 W/cm² / tlaser=5 ps 
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1) Local measurement are indicative of
non local measurements

2) Indirect measurement (protons) can
give information about electrons

3) This is valable for Thot and nhot

Conclusion

- +

- +

- +

- +

- +

- +

- + 

- +

+  -
+   -
+   -
+  -

II. sweeping 

acceleration III. sheath field 

acceleration

-
-
-
- -
- -
- -
- -
- -
-

-
-

I.

ambipolar

expansion

Surface contaminant (H2O)

H+  ion

Bulk Target (Al)

e
-

H+/other ions
Laser:

few J / ~1 ps (>10 TW) 

Il2 >1018 W cm-2 mm2

Incident

laser

R. Snavely et al., 

Phys. Rev. Lett. 85, 

2945 (2000).

Y. Sentoku et al.,

Phys. Plasmas 10, 

2009 (2003)

S.J. Gitomer et al., 

Phys. Fluids 29, 2679 

(1986)

Thot, nhot Thot, nhot

Diagnostic

- +

- +

- +

- +

- +

- +

- + 

- +

+  -
+   -
+   -
+  -

II. sweeping 

acceleration III. sheath field 

acceleration

-
-
-
- -
- -
- -
- -
- -
-

-
-

I.

ambipolar

expansion

Surface contaminant (H2O)

H+  ion

Bulk Target (Al)

e
-

H+/other ions
Laser:

few J / ~1 ps (>10 TW) 

Il2 >1018 W cm-2 mm2

Incident

laser

R. Snavely et al., 

Phys. Rev. Lett. 85, 

2945 (2000).

Y. Sentoku et al.,

Phys. Plasmas 10, 

2009 (2003)

S.J. Gitomer et al., 

Phys. Fluids 29, 2679 

(1986)

Thot, nhot Thot, nhot

Diagnostic

- +

- +

- +

- +

- +

- +

- + 

- +

+  -
+   -
+   -
+  -

II. sweeping 

acceleration III. sheath field 

acceleration

-
-
-
- -
- -
- -
- -
- -
-

-
-

I.

ambipolar

expansion

Surface contaminant (H2O)

H+  ion

Bulk Target (Al)

e
-

H+/other ions
Laser:

few J / ~1 ps (>10 TW) 

Il2 >1018 W cm-2 mm2

Incident

laser

R. Snavely et al., 

Phys. Rev. Lett. 85, 

2945 (2000).

Y. Sentoku et al.,

Phys. Plasmas 10, 

2009 (2003)

S.J. Gitomer et al., 

Phys. Fluids 29, 2679 

(1986)

Thot, nhot Thot, nhot

H+  ion

e-

Diagnostic

- +

- +

- +

- +

- +

- +

- + 

- +

+  -
+   -
+   -
+  -

II. sweeping 

acceleration III. sheath field 

acceleration

-
-
-
- -
- -
- -
- -
- -
-

-
-

I.

ambipolar

expansion

Surface contaminant (H2O)

H+  ion

Bulk Target (Al)

e
-

H+/other ions
Laser:

few J / ~1 ps (>10 TW) 

Il2 >1018 W cm-2 mm2

Incident

laser

R. Snavely et al., 

Phys. Rev. Lett. 85, 

2945 (2000).

Y. Sentoku et al.,

Phys. Plasmas 10, 

2009 (2003)

S.J. Gitomer et al., 

Phys. Fluids 29, 2679 

(1986)

Thot, nhot Thot, nhot

H+  ion

e-

Diagnostic

4) We have seen a variety of diagnostics valid in the range
of present-day experiments…



Perspective

So, what do we do 
now for a 1 GeV
beam @ high rep
rate?

Just go and see the EU 
community, they have 30 M€
reserved for high-energy
detection…


