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The AWAKE problem: a ~40 TW pulse propagating in Rb vapor

N—

atomic physics: W(r, t) </;> optics:
ionization, resonance E(r,t), propagation
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The AWAKE problem: a ~40 TW pulse propagating in Rb vapor

atomic physics: W(r, t) </;> optics:
ionization, resonance E(r,t), propagation
Maxwell for E: Schrédinger for atoms:
1 82E rt 82P |W>=EO&,“I'>,I:I/:—8E
V2E(r, t) — = 85‘27 ) _ ey phenom. loss terms

R 74

Material optical response:
P(r,t) = N'(W|d|¥) + ionization loss ’
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The ,minimal” atomic model + 1D propagation
@ geared for 780 nm and 100 fs pulses
@ 4 essential atomic levels: 5S; 5, 5P3/2, 5D3/2, 5Ds 2
@ [-s: PPT rates + experimental ionization cross-sections
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The ,minimal” atomic model + 1D propagation
@ geared for 780 nm and 100 fs pulses
@ 4 essential atomic levels: 5S; 5, 5P3/2, 5D3/2, 5Ds 2
@ [-s: PPT rates + experimental ionization cross-sections
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lonization from 5P;, state dominant!
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The ,minimal” atomic model + 1D propagation

@ geared for 780 nm and 100 fs pulses
@ 4 essential atomic levels: 5S; /,, 5P3/,, 5D3/5, 5Ds />
@ [-s: PPT rates + experimental ionization cross-sections
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The ,minimal” atomic model + 1D propagation
@ geared for 780 nm and 100 fs pulses
@ 4 essential atomic levels: 5S, 5, 5P/, 5D3 /2, 5Ds 2
@ [-s: PPT rates + experimental ionization cross-sections
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A more systematic approach

Relevant for different wavelengths (A = 780 — 810 nm) and bandwidths
(1p Z 40 fs).

G. Demeter (Wigner RCP) Developing the model 5/12



A more systematic approach

Relevant for different wavelengths (A = 780 — 810 nm) and bandwidths

(o > 40 fs).

@ Start with all levels with E;,D;
known (18 states).

@ I-s: PPT rates + experimental
ionization cross-sections

SSI/2

7Sl/2

6S1/2

SSI/2

81)3/2

8P
7P3/2

TPip

61:'3/2

6P1/2

5PS/Z

51:’1/2

6D 512

6D 3/2

SD5/2

5D3/2

4D 3/2

4D 52

G. Demeter (Wigner RCP) Developing the model

5/12



A more systematic approach

Relevant for different wavelengths (A = 780 — 810 nm) and bandwidths

(o > 40 fs).

@ Start with all levels with E;,D;
known (18 states).
© r-s: PPT rates + experimental
ionization cross-sections
© Solve Schrodinger for
» different 7p,A, I
» full” and ,half” pulses
and monitor:

» max state probabilites
» ionization paths
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A more systematic approach

Relevant for different wavelengths (A = 780 — 810 nm) and bandwidths

(o > 40 fs).

@ Start with all levels with E;,D;
known (18 states).
© r-s: PPT rates + experimental
ionization cross-sections
© Solve Schrodinger for
» different 7p,A, I
» full” and ,half” pulses
and monitor:
» max state probabilites
» ionization paths
© Drop ,unnecessary” states (say,
Prax < 0.01, Pjpp < 0.01).

7S]/2

6S]/2

5S]/2

6P, 5D3;
4D
5Py 4Ds)

5PI/Z

= 10 level model
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Coupled atom-field equations summarized:

atoms: probability amplitudes «;, i € {5S,5P; ,...} (RWA, A;; = w; — wji
detunings, Q = £(t)eap/h field strength, D; ; matrix elements.)

i .
Orass =5 0" exp(ilss sp, ;1) Dss 5P, 2 05P 2

i ,
59* exp(iAss sp, , 1) Dss 5p; , 5Py

i . Iss
§Q* exp(iAss.ep; . 1) Dss 6P, , 6P, ), — 5 ass

8ta63 =...
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Coupled atom-field equations summarized:

atoms: probability amplitudes «;, i € {5S,5P; ,...} (RWA, A;; = w; — wji
detunings, Q = £(t)eap/h field strength, D; ; matrix elements.)

i ,
Orass :EQ* exp(ilAsssp, ,t)Dss 5P, , 5P,
i ,
EQ* exp(iAss sp, , 1) Dss 5p; , 5Py
i ,
580" exp(ilss 6p, 1) Dss 6Py, t6Py . — 5 05S

ataes =...

field: (1D, moving frame, Slowly Varying Envelope Approx. SVEA:
E=¢ele=l) L ce, 08 <wE, 0,6 < KE, K= k(eap)’ N /heo)

. « , K _
825 = IHZ Oszk,/Oz/ eXp(IA/’kt) = E Z nkl‘k|ak|2
k<l k
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The ionization problem

Above-threshold ionization

w=>"w,
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The ionization problem

Above-threshold ionization

... on PPT rates...
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The ionization problem

Above-threshold ionization
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... on PPT rates...

Limits of reliability

PPT rates assume F = E/Ep < 1
Reported unreliable above F > 0.1
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— 6S,4D [ ~ 10"2W /cm?

7/12



Some further warnings...

+ PPT rates should be w < 1/ Tgpt...
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Some further warnings...

+ PPT rates should be w < 1/ Tgpt...
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800 nm, 40 fs

=

—6S

Some solutions with 10 — P12
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1D propagation calculation

e(z,t)], 1 TW/crr?, 100 fs pulse

0.25,
780 nm, 100 fs pulse, Iy = 1TW /cm?:
02
le(z,)], 1 TW/cn12, 100 fs pulse
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Results: P\ s
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So ... the model has its merits ... but results unreliable for 40 TW pulses. Can
we still use it to say something interesting?
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So ... the model has its merits ... but results unreliable for 40 TW pulses. Can
we still use it to say something interesting?
Idea: increase pulse energy via duration instead of peak intensity.

Gaussian pulse:
£~ Ee /2

increase 7,
T0 — 7 but
keep bandwidth!

= chirped pulse:

g ~Y
e—t2 /22 —iBt? )2
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So ... the model has its merits ... but results unreliable for 40 TW pulses. Can
we still use it to say something interesting?

Idea: increase pulse energy via duration instead of peak intensity.

le(z,t)], 1 TW/cn12, 200 fs pulse

lonization probabilities, Iu=1 Twiem?
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= chirped pulse:
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How to proceed

@ Better description of ionization seems essential!

» more accurate rates
» back-action on light
» check the story with stabilization

@ Relax SVEA, nonlinear envelope equations.
© 2D /3D propagation, transversal structures.
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How to proceed

@ Better description of ionization seems essential!

» more accurate rates
» back-action on light
» check the story with stabilization

@ Relax SVEA, nonlinear envelope equations.
© 2D /3D propagation, transversal structures.

Thank you for your attention
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