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RESULTS

e~ in the “Coulomb” field of a proton/ atom) in an~ homogeneousy: constanENORMOUSexternal magnetic field

B>101"G =108 T.

Fig. 1. Modification of the Coulomb potential due to the dressindgheffihoton propagator.
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The Coulomb potential becomescreened” at short distancgsl.E)% whenB > %Bc,..
— energy levels of the ground state (Lowest Landau Level)enGbulomb field of the proton
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e no screening + shallow well approXy = —FE;In B/B, — —o0

e screening + shallow well appro, “—° —4F; In? («/37T/043) — —4 keV;

—

e screening and not shallow welk, B2 1 7 kev



SCALES OF THE PROBLEM

e Bohr’'s atom (no B)

'n

E, = —Ef/n2 r, = n2aB, ap = Bohr radius = l/mee2 =5.2910%m

)

ap = \/2ma =r./a* \./2m=1/m.=3.8610""em, r.=2.8210"cm

e in the presence ofB

4

Landau radiusy = \/1/eB|.

¥ Remember
Larmor frequencw = eB/m.,
Larmor radius= m.v/eB = (L =m }i)/eBr =r =m Ji/eBr = r> = m/eB = ma?%

2 B
a—QB = —: B, = atomic B= m?e’ = 1/ea’, = 2.35 10°G.
Ay B,
We deal withB ~ 10'"G = [ay < ap]. RememberB.,,., ~ 1G, Bruc ~a few 10°G

B(Jr or BS(ﬁhxzu’/’,nger = mg/e - Ba/OZQ =4.35 1013G
For B > B,,, electromagnetic fields start to interact with each othen-linearity e~ becomeselativistic
Forus B> B.. > B,
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Fig. 2. Landau radius:y versus magnetic fielé.
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ELECTRON IN THE “COULOMB FIELD OF A PROTON” + EXTREME B

Very strongB — fast oscillationsL B, slow oscillationg| B = adiabatic approximatign)-%* Rom (p)xn(2)

n,n,=0,m,o3=—1

e~ relativistic except in the LLL— solvenon-relativistic Schreedinger equation fpfz) (1-dim) with effective potential
U.s¢ incorporating the resummation of Fig. 1.

1 d?
o da2 +Uecyys Xn(2) = Eyxn(2)

We have to determinehat isU.;(z) . RememberCoulomb:®.(z) = ¢/z, U.(z) = —€?/z.

| Rom(2) ‘2

NErw:

e If no screening, U.;; is given by Landau: U, = —62/ Pp; I8 ez, 2 —e?fay finite

e Including screening
no resum resum _4 _4
O(k) " g R " "9

K2HTI(R?) ki + kD +TI(R?)

Rememberin 4D, 11, = —(g,,, — k,.k,/k*)TI(K?).

. 4
= II,,,. Static charge~ we need onlfly. |®(k) = "9

U V 2a B ] B ki
2 9 | 2 2 \2mZ B I
S L5 4m?2

2 _ In(,/1+t)+ 1
Pisthesameasin2DP(t) =1 — W ) :

(k%) = —4¢*P(t), t= :
() = ~4gP(0), ¢ =15 T




Fourier transform— ®(z). But exactP too cumbersome to integrate— use approximateP(t) = ot

20 B

P(z) =~ —|1— e~ melzIV6 + e_me‘z‘ T B

x for B <318, /a, @(2) =5 (1+O(aB/B,))
x for B> 3n7B,../a

)
€ melaly/EE for |z < ==L 1n(,/2L),  screening

20 _B m,

‘Z‘ ™ Ber
6 - >
D(z) = | B (1 —e me|z|¢6) for o> 2 > \/f%iln( )
B for 2| > L, Coulomb
\ < ‘

20 B

>
Ussr(z) = —e* [ d*p Fomlp) [1 _ emmelelVB | ommelaly Ot

- 9/, 2
R = 1 mlgimp e —p"/4a} — \yave function of in magnetic field (Landau O.M.
Om(p> \/7'('(2(1/%[)<1+’m‘)‘m|!p g ( Q.M.)

B

meZ = 3B (2-dim massive QED, Schwinger model)

At short distance, the photon gets aifiective masm% =«

®(z) — potential energy V(z) = —ed(2)
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Modified Coulomb potential energy & = 10'"G (blue) and its long distance (green-pale) and short diséafred-dashed) asymptotic



THE GROUND LEVEL OF THE HYDROGEN ATOM

e no screening + shallow well approximation

B —00
Ey= —F; lnB— B2% oo (“fall to the center”)

a

e shallow well approximation (Landau) + screening

ap 2
a Ey = —2m, [/ U(z) dz] 2% _omea? In? ( 37;) = —4F; x 723 = —4 keV
a o

shallow well approximation valid fom,|U|a®> < 1; for 1-D Coulomb potentiala < ap, not realized because Coulomb
extends tox.

e general case with screening (Karnakov-Popov)

B—o

By =% 17 keV

*x even/odd degeneracy is broken
x corrections to odd levels very small

% corrections to even levels substantial for> 37r% — 6 106G
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Fig. 5. Spectrum of hydrogen levels in the limit of infinite magnktic. Energies are given in rydberg units,
Ry =13.6 V.
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B/B, 1
In é : :)\+2log)\+2g/)<1—x>+1n2+4fy+¢(1+|m\)
1+--B/B,
T

« ifnoscreening = A\ = +/—Ey/E; 2%
WhenB — oo, Llh.s— o0 = ¢ (1 —1/A) has polesat —1/A =0,—1,—-2,... —n+ 1 = X = 1/n. One recovers the
Balmer series

x  with screening whenB — oo, In i—@ = r.h.s.. No pole=- departure from Balmer series

Form =0,8 — o0, |[A=—-—

H 1 2 2
For arbitraryn andm =0, |\ = — — /n

In [1 + lfg;] —In2—~y+4+1/n+2Inn—-2H, 4

37 Bg

H,_1 = Harmonic number ¥}~/

| =
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e Principle of the method (Karnakov-Popov)

If x(z) = cst, integrate Shroedinger—

X (2) = 2m, /Z dt U(t)x(t)

0
(valid for z < ap; (self energy negligible).

; z>few 1/me ,
At the limit of the screening domairy, and Whittaker (Coulomb) should mateh X; - ~ / %

e Validity of K.P. method :x(z) = c¢st. Itis achieved, in particular thanks to the screening.
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OUTLOOK AND PROSPECTS

e accuracy of adiabatic approximation
e 3D potentialV (z, p'# 0)
e Dbeyond LLL; relativistice™ (not very physical)

. 4 - ‘ . . . .
o effective mass ot~ — Fy = m, [1 — SN+ ;—f_ In® (%)} corrections can be large but areiversal, they cancel in
transitions

e trace levels whem goes from) to oo (Zeldovich effect)
e string-like behavior whe®? — oo (Kondo, Shabad-Usov)
e exciton physics in semi-conductorB, — 2000 G for InSb=- B, ~ % ~ 10'G

e graphene 2D QED for massless fermions.— vy < ¢ = o — % > 1/137.
Same physics atiuch smallerB ?
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