Analysis of storage times of UCN in
gravitational quantum states

Les Houches, Febuary 15 2009
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Resonant transitions

One applies harmonic excitation V(t)
at frequency w during time t
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Lifetimes of quantum states are important

Width of the resonances

AE - Touse = h

= Pulse time needed to resolve neighbouring states: 10 ms

0.3 m

b m/s ~ 50 ms

= Flow through mode | =~

We want the lifetimes of quantum states to be larger than
50 ms and eventually larger than the beta decay lifetime
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Verticality of the walls
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Verticality of the walls

QUANTUM LEVELS LIFETIMES
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Holes in the corner

Loss Probability

Guillaume Pignol

d = 50pm

LOSSES DUE TO FREE FALL IN A HOLE
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A nice picture

The free fall of quantum
states 1 and 2
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Holes in the corner

QUANTUM LEVELS LIFETIMES
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Losses due

_ 1
Sa(f) = T

10

acceleration power spectrum [m? Hz"]
="y
S,

-k
<

Guillaume Pignol

T .
/ a(t)e*'™ dt
Jo

=)
&
1 IIIIIIIi T T

ot

-7

-l
i
-
-
1 IIIIIII|

to vibrations

2

jjf\-r —n

--- pneumatic system off

— pneumatic system on

5]

| ] | | ] |

frequency [Hz]

Lifetimes of quantum states

| l |
0 50 100 150 200 250 300 350 400 450 500

1 _ ( h )2 (QWfN-n)Ll
Sa. (f Nn )

07/09/2009

12



Losses due to vibrations

QUANTUM LEVELS LIFETIMES
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Losses due to mirrors waviness

QUANTUM LEVELS LIFETIMES
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Limitations du to Earth rotation

— —*

The Coriolis force F. =2mu x ¢

Modifies effectively the gravitational acceleration
15:,_. e, = 2muSlcos A Jof = g — 2080 cos A
Leading to Coriolis widening of the resonances

QUANTUM LEVELS LIFETIMES

10° £ =
10° ;_ L T ; Mirror's waviness
E E Sismic noise
—l0’ = - [i decay
DF ]
o [
EL‘I B = Corner defect
P : 7 50um
10 _I_I_I =
B + Wall's verticality
1L L=0.3m | tan(w) = 58-05
E v=5.0m/s E
[ | | | | | | | L

-1
10 4 2 3 5 6 7 8 9 10

|
4
N (state number)

Guillaume Pignol Lifetimes of quantum states 07/09/2009

16



The hole picture

QUANTUM LEVELS LIFETIMES
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One last academic remark

Spontaneous decay of quantum states through graviton emission?

A semiclassical estimate
Pignol Protassov Nesvizhevsky Class Quant Grav 24 (2007)

T ~ 10" s

decay
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Conclusions

Requirements in flow through mode T > 1's

Mirrors verticality has to be better than 107 rad

)

) Holes have to be smaller than 0.5 mm
) Vibrations have been tested to be ok
)

1
2
3
4) Mirror's waviness should be ok

In latter stages

Beta decay and Coriolis force are the fundamental limitations

Wall's verticality has to be better than 107 rad

Holes have to be smaller than 50 ym
Vibrations have been tested to be ok
Mirror's waviness should be ok
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