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Abstract 

The event rate in the level excitation of Rydberg atoms by the cosmologi­
cal background of very low energy light nelltrinos is estimated. The result is 
encouraging and deserves further theoretical and experimental study. 

CERN-TH.7349/94 
July 1994 

IOn leave rrom Department or Physics 1ST ilnd CENTRA. Av, Rovisco Pais 1096 Lisboa 
Codex. Portugal. 

Universe is the existenct' of a ('osmological bal'k~\'Ound of lightllclltrinos (01" < 1 

MeV) with dt"lIsity :V" and tcmpf'raturf' Tv stich that. per neutrino species (see, 

for instance, 

tV" == :J (1) 

and 
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where N., and 7~ are the density and temperature of the cosmological photon 
background. As is well known the cosmological hackground of photons was dis­
covered in 196.) [2], and N..., and T..., are now well determined: N.., ~ 400 cm-3 a.nd 
T., ~ 2.73 K. From (1) and (2), for the three species of light neutrinos, we expect 

N" ~ :J27 crn-1
, T" ~ U) 1\. 	 (3) 

The existence of the neutrino background was never positively demonstrated, 
and relations (1) and (2) and the estimates (3) were never tested. 

The main reason why the background of neutrinos is so difficult to detect is 
related to the effective weakness of the weak int.eraction (mediated by the heavy 
bosons W± and Zo) at low energy. While in electron - electron scattering the 
cross section at a given ll1omentu'm transfer q goes (\,'1 

0) 

(4)l1_e "'" (p' 

where a is the elcctroweak coupling const.ant, ill neutrillo electron scattering, 
with neutrinos of energy Ev, it hehavf's as 

a 2 E; 	
(5)l1"e '" il/4 ' 

where M is the vector boson mass. 
With a neutrino background of temperature T = 1.9 l\, typical energies and 

energy transfers are of the order of 10-4 eV. With these values for Iql and E., in 
(4) and (5) we obtain 

(J~e "'" 10/;0. (6) 
(J"e 

Such a large number is indeed very discouraging. lIowever. at energies ~ 8 MeV, 
neutrino electron elastic scattering call already be used to detect neutrinos in 
the Kamiokande detector [3]. 

Previous attempts at resolving the enOrnlOlIl-l difficulty to measure neutrino 
electron elastic scattering at very low energies were based 011 the idea of coherent 
near-forward elastic I-lcattering (4]. The event rate. instead of heing proportional 
to N, the number density of electrons or nllcleons (of the order of 1023 

, say), 
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becomes proportional to N1.. However. the most optimistic proposed measure­
ments, based Oil reflection as well as rcfractioll from bulk matter, were shown not 
to be correct sillce the equilibriulll of forn's frolll all directions (reinforced by the 
presumable equality of v and Ii fluxes) lIlak!,:,; slIch an effect quite negligible [5]. 

Our suggestion here for the detection of the cosmologic:alneutrino background 
is based on the excitatioll of Rydherg atollls by the 1.9 K neutrino bath. The 
energies involved are in the range of 10-4 

- 1O-~ e\'. of the order of the transition 
energies in Rydberg atoms 

In fact, let us consider a.s reference a hydrogen-like atom and a transition 
n -+ n' = n + 1. where 11 is an effective qtlnntulil numher with 

t.:..En ~ R (~ - ~) . (i)
II II 

R being the Rydlwrg constant, R = 1:3.6 f'V. For trallsi tiolls with 6. En < lO-4 
eV one needs, from (i), 11 > 60. This is a typical situation for an excited Ilydbf>rg 
atom. 

The physics of the interaction of very low ellergy neutrinos with atoms is in 
itself a quite interesting subject. \-\'hile for energies above the bindiug energy 
the physics of neutrinos, apart from the value of the effective con piing constant, 
is similar to the physics of electrons, for energies below the binding energy the 
physics of neutrinos is much simpler. as the neutrino Ilever affects the overall 
stability of the atom. Techniques for relatively high energies. like the Born aprox­
imation, can be extended to low eIlergies. in the case of neutrinos, as the atomic 
field is never strongly disturbed and the atolll maintains its structure. 

In the study of inelastic interactions of neutrinos with atoms, physics is gov­
erned by three very different scales. 

First, there is the scale set up by the lIlass of the ZU. characterizing the range 
of the weak intt"'ractioll, 

M
1 

'" lO-1I eV- 1 (8) 

Next, there is the scale connected wit.h the size or tht> Hytlberg a.t,orn, Rll n2ao,rv 

where eto is the Bohr radius. For 11 ......., 100, one obtains 


Rn '" leV-I and ~Rn '" 10-1 (·V- I
. 

Finally, we have the scale related to the 2::..E" transitiolls, eq. (7), with 

5 I6.~n '" \0 eV- • (10) 

Let us now cOllsi{ler inelastic collisions of neutrinos in a frampwork equivalent 
to the Born aproxilllation (see, for installce, [ill. As a lIeutrillo passes close to 
an atom. the atom feels the potential 

v Oz (II ) 

:l 

-+ 

where R' represents thf' position of the external df'rtroll. relative to the centre 
-+ 

of mass of the atolll. R th(~ position of the nentrillo. aile! OZ is the electroweak 
coupling of the ZO to tlte electron. For a 11 -+ n ' transition. with ZO absorption 
by the external electron. we have the t.ran:;itioll lIIatrix clement 

Vnn, oz J ~.:,(jh exp(-:II R~- RI) ri'n(ih d ii, ( l2)
I H' R 

where tPn and ~'n' are stationary wave functions. \Ve assume that tlte neutrino 
in this process maintains an aproximately straight trajectory with v ~ c and 
constant energy. The resulting transition probability amplitude. at a given impact 
parameter b, is 

(tnn,(l,2) -I 1;",,(b1
.:), l'xp[i(En' En)':] dz, (13) 

where b1. + zZ RZ (see Fig. I). The t.ransitioll !Toss-section, Slimming over the 
impact parameter, is given by 

(J'nn' iT db l . (14) 

The calculation of (l2) depends naturaIiy 011 the radial and angular behaviour 
of the wave functions tPn and lPn" and the transitions lIlay be ·of different types 
(electric and magnetic). Here we are only iutf'rested in order-of-magnitude esti­
mates and simply use the property of the radial Rydberg functions being peaked 
at the classical radius Rn , neglecting angular dependence. 

We perform first the angular integratioll in (12), treating 1/Jn and tPn' as func­

tions only of /7: == I R' I, to obtain 

Vnnl = OziT 10
00 

:~[exp (-MIR - R'I) exp (-MIR + R'I)} 

I,l'~,( [l/)1IJ,,{ R')dR'. (15) 

We now make lise of the fact that the il1tf'1'ilctioll is of a short-rauge nature: only 
the contributions with R ~ Il' surviVE'. III the lame-' M limit we then have 

Mexp --+ (~(.r) . ill -+ 'Xl (16) 

and 
. azrr .•

Ltn,(Il) :::: TiT /J·n,(Ilk1l(ll). ( l7) 

Next we estimate the iutpgral (I:l). The Hydlwrg wave runctions. IPn( R) and 
tI'n/(R) are significantly diffrent frolll ;.:cro ollly ill the regioll D.Hn aroulld Rn. On 
the other hano we note that 

roo ,;.~,( R)'I/'n( R)d/f _\_ 1: ) ~ (l8)
2Jo '" L n.n' 4rr R~' 
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As the wave functions are cOIlt.~ntral(·d arolllld R" ::::! I eV-1 and thl'! ellergy 
difference tiE" is of the order of 10-"' eV. the I'f'ievctllt regioll of the integration 
in (13) is 1:1 $ R", alld the arglllll!!lIt of the exponential is csselltially zero 
luE" .;:1 $ 1O-~. We thus haw 

({nn.(b l ) ::::! _ i20'z;r t!'~,( mil'.. (ll)d=. ( 19) M2 
Having in miud (IS).-we approxilllatf' u:,~,( /7)",,,( U) ill the over/ap I'c>gioll [Rn, R" + 
~R"J by its mean value: 

tP:,( R)fI}" (ll) H" :::; Il $ Il" + 6. Rn (20)
4i1'R~ ~lfn 

o otherwise. (21) 

We thus obtain 

if b $ Rn 

lann,(bl )! = '2~;2 R~~R.. [((Un + ~R,,)2 - b1 
)1/2 - (R;' (22) 

if Rn < b $ Un + ~R.. 

la"n,(b2 )1 = ~ I (23)
jf b > R. +uR. 2M' R~tJ.R. ((II. + i>R.)' - b')'I'; 

o. (24) 
.... 

The final int.~ration (lll) becollles: 

Qz 1 )2
O"n,,' = ( 2M2 R2tiH iI' [J~l?'[((Hn +~1l"Y li)I/2 (R~ - b2)1/2]2db2 

n 

+ IAf.,"+ilRn)l[(R" + ~lln)2 b1Jdb2J (25) 

to give, in the limit ~R"I R" < < 1. 

1 (ilIW)l G;'" (..) (:2U" ))(]n'l'l'=- - - .l/_ + III ~Rn . (26)
.:til' ilIz R:, 

where we have introduced the Fermi coupling constant c: p. 

In order to estimate the event rate. olle 1U'('ds to multiply (:2G) hy tht' neutrino 
flux PrJ and the IHIIlli>er of atoms presellt. For the neutrino flux. from eq.(1), and 
taking lJ ::::! c. we ohtain 

/W::::! lOlT 1lI-~S-1 (27) 

.) 

Taking 1025 atoms ill a cllhic IIwtn' of lIlaterial. we obtaill froll1 and (27), 
for tlw JlIlmber of C\'(,lIts 

10- 18 l IN,,,"'t.::::! 1Il-- s- , (28) 

This is a w~ry small nllmber. Ilow("ver two remarks should be taken into 
account: 

1) The stimulated trnnsitions froll1 the I('vein an' 1I0t just to a single level n'. 
One has to slim over the slates ,,' ill the range 10-;; $ E~ - En < 10-4 eY . As 
E~ En::::! l(n~-n) En we obtain H' - II ::::! 10. IIJdudilig the degenerate l, m states 
the llumher of final states in the 10-;; - 10-4 eV region hecomes '" 103 . 

2) The neutrino wavplength is very large. of the order of 104 eY-l, when 
compared with the Rydberg atom size, R" "" I f'Y. This means that the neutrino, 
with a given phase, sees of the order of (10:3):3 atoms. There is a degree of 
coherence in the excitation such that the 1015 atoms are seen as 1016 bunches of 
109 atoms. This iutroduces a correction to (28) of the order of 1016(109)2/1025 "" 
109 

• 

Including ill (28) the corrections 1) al\d 2) above. olle obtains 

Ne1J~nt.::::! 1O-('m-3s- l := :10 1Il-·'lyr- l . (29) 

This is a satisfactory result hut. of cOlII'se. it should not be taken at face 
value as some of our aproximations. for instance (20). may he too crude. In fact, 
detailed calculations. requiring the knowledge of the atomic wave functions and 
the excitation spectrllm [8J, are needf'd in order to obtain more reliable estimates 
of the event rate. On the other hand, the lIeutrillO background energy spectrum 
should he handle, in a precise way whf'1l estimating the IIllmber of events in a 
given energy range. 

We can imagine several difficulties wlIt'1I trying t.o put our suggestion in prac­
tice. Rydberg atoms are not stahle and so they haVf~ to he contilluously excited, 
by laser pumping techniques, from the grottnJ state to the level n. This probably 
requires working with atomic beams. The II -+ Il' excitation by atomic colli­
sions may force the IISf' of low atomic densitif'5. and tliliS decrease the event rate, 
to eliminate such competi1lg proces. The maill source of background is due to 
n -+ n excitation hy photoll radiation. These proCf'sses have been studied and' 
the temperature depf'lldence of the effe,t is well uuder control [6]. This requires 
the experiment to be canied Ollt at very low telllperatme. of the order of mK. to 
drastically reduce tlw photon density. :\ <iiSfllssioll of these difficulties appears 
in [91, where Rydherg ntoms 1\'(')'(' proposC'd to study galactic axiolls. 

In conclusion, we helieve that the possibilit.y of dctecting cosmological hack­
ground neutrinos by exciting Rydllt'rg aI-OlliS d('sC'I"\'('S further study. both theo­
retical and experimental. 
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Figure 1: Interaction of a nelltrillo /I witt. an atom. The neutrino moves ...,. 
along z dirf:'ctioll ami has. at a giv(>1l instant. the position n relative to 
the centre of the mass of thc atom. The positioll of the electron at the .... 
level H is given hy It. The illlpact parametf'r is b. The wave functions Wn 
and V'n' are supposed to he signincCllltly different frolll zero oulv within 
the t:,.R" shell. 
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