lecture IT

. Reentronce problems in perkturbakion
E:,hemr‘j . need. o sum oll orders.
. RESUMMELE\EH Ef?.c\ﬂnﬁuﬂ.:

. solukion b:j Mayximum Secken
« Sdukion ]::_-j malen > di&annu.\ihl:thn

+ Tuning To suppression with okher parametes
» mognRkic Impurikies £

TS
+ magacktic field H
¢« Wadth 1 wnres a VvV

. ElEci:mogmkic_ environmenk
« Spin-orbit Scakkering



Quick Summany of leckure T
. Disorder in mektals causes decktrons ko

MoV L d{EEUSNQJj, so (Coulomd 1nterallion
|ess %q:ﬁd'c;\.ﬁd_j SC_FEEHQA__

. In equakion for Te,
T, = 113 Wp epl - Ve In-p" 1)
find  that DeS N, pseuvdept| p*fT.

. Slhp}@.-m{ﬂclecL pméichm.s For D JCJMJ'
- % S_In!(-;ﬁ.:f) + ‘nt('#ﬂ?>}
la (X)) ~ (feotureless pekentia |
Tes
'[E; ] n (FE=) (D% + In’ (G
(Sceeened. Coolomb)

. NEQJ— HMESE- Ccnicdch'ar:- ko &'\QE'M '1} thi

s kroR,



Reenkrance Problems in PT

. Basic PT Pf'é_clahhs Expﬂnenbin.\ decay of
Te with Eu_, so Te Never Suppf’EESecL te 2ero -

l"['m] & 'é I”E( 'r)

-“Sa\f—cmsiskmt" version involves sdukian

of cubic en % =FE(<+p>?

D X:=-B +& s.‘n[f,-sh"'@'%l) +?-!:I1] n=o!t,%.

- TI"IEFE. are 3 f'E'.nJ Eu]ul:fﬂnS,buE mlnj N=0
versien gwes T.(Raze) =T, and- So khis &
physical correck Sol® [a=1 ® Tu(Ry=c) =0

nN=%L = Tﬂﬂl-.}_ﬂ:r._" S |

. Tl’lﬂ. nN=o and N=| Suluk‘lnﬂj meet at kthe
reenkrance PO'I}]‘['? E= ‘I/S ﬁ-:. X =B/ Eﬁt)oﬂc{.
which neo P"l:j&‘l't_nj soln emists.

. For B=6 this is Rp~ 2k, T/%, ~0.05

. Reentronce mesns sall cant qek ko Zero Te,
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FIG. 1. Superconducting transition temperature T, plotted as a
function of the inverse of the thickness for a variety of alloy com-
positions. The solid line is a best it to the data. Data replotted as a
function of sheet resistance Rg. Theory curve is that of Maekawa
or Fukuyama (Ref. 5). Enc ' i



Q@Q_bga.l + Beo.s‘eg_

PRB29 4167 (198L)
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FIG. 2. (T./T.) vs Ry for various compositions, with fit to
theory. Values of T are 7.6, 7.2, 6.8, and 5.8 K for increasing Ge
content.



Eggmi &r;g;hglég‘g T]"tggg

. Problem with PT is thak phonen and
Covlomb inkerackions treaked differently.

. Cancellation of low-g, smau\n_rﬂ::, e
Cou\nrﬂb pDE:QnEm.‘ means we dan ‘Fu-f- l::l'u.s :

€a > > € . 1
r = )\‘ ’ kAl
- -3 >

L5,

S T
- K K
- L]

- L -

——
L

9 279 < a"'-h _f':"u.."'q; .
*
EA| - g + s é + i *
. s
%
=g = w

™
[(&,€) = [-Z+EA(e)]) -oT Z [N eNGt ]

/\(&n, E2) = ln[m*] (d=2>

[Oreg + Faelsten PRL 33 191 (1939 ]



Solution By Maximum Seckion Mekhod

. Conkinuous version c{r r'eqn (S :

N(e.€) = §(e.€) -L“." %l ZCADINCR 3

Flee) = =X+ Eln[@;]

- Defide M) =00, the effechive magnibude
F I' akt energy scale w. TF we consider w=T
then M) s Qwen E':, :

M) = Kw) - [:" de, flwe) Hf(e,w
[0 e, (¥ de o)L (e 60 £ fles) 4
= f(w) - Q)
. (onsider N-th term in QL) :
Qulis) = e [ de. - de flo8) £ flEROE ~ £, fEas)
Sphie integral inke N fegiens with d-th regien
WLE; € E,LE .- &, Ejai -~ Toa

[ Sudaov, Delady 1 662 1956



. Consider terms ko left and rght o dg
and. USe approximakien JKE€D = f(maxLe,e'd):

Qi) en' [T dede, fUEEIE FE£D - &= B

R Y
Qu () = '™ [ degu - de f(&, 800 -+ & HEnED

clinin ot e kel SBta s = CLEES
FlEn,w) = (&, €)

. Tl’lﬂ_ N dig—ereni: J \Jn.\uias JuLl—* 311;{ the
N diffecent terms with N4t (5 in inkegeal

oy +
j" = é%l. Me)

5 [Mw) = Hw) - ‘[: dé-f'(ﬁ)‘

5 M) = =X +tla(z) - [ 98 ne>

%

. Define variable z:la(%r) ko get

9 = -




- Inkegraking this gives

(&) « g In| BHE] + const

> ‘n(fﬁ: 3T ln(\’%:_"%
. When E=0, Te =Teo = lﬁ(‘-;'é'&) . J;;'

lo(E) - z-mln(*.—j%“g) B =la(E

- Expondinj GS O POwRr senes 1N k| the
leading term -fl:ﬁ"" reproduces P.T.

- Te goes smoothly ko zero ab k=YgY.
For B=6 = Rg=45kR,



0005

13/4 20oumsisay

®) 71 eumeiedwe | uosuel |

000t 000€E 0002 0001 0
T Illn.n......-...— T ¥ T -....l|1u11l|| ﬁwﬁ_
g _,,\nff..
;.,...,.f ; Fouauqueal
f.,.. \
“ % 120
b A
b \
“ f
.......... ._,. 1
EH_N. ......._...... .__..
o) sb Janreu - "\ ¥0
._............_r
....,....
,.....,...
¥ 33 90
\'y
W
W
)
uonnjo§ DY -—— ;
i Ld POpUXa 50 PY - - - - 180
1d J2pio—jsing ——

Poedy TR QOIS - UoN

: o't

PN 3M 4M



Fitking of Graybeal + Bm‘QH
Da.l:ﬂ. ko Fakelstein Te (Rad

JETP letk 45 46 (1987

1 1 | —
o 500 1000 1500 2000 2500
Ro 0

Fig. 14. Suppression of superconductivity in amorphous
Mo,,Ge,, [42]. The solid line is a theoretical fit with Eg.

(13).



Aside : "R6" View o Supertonduckivity

. Toke oair mp’rl-\.v&#_ Nw) ok l'o.r:-)E NIy
Scales and integrake ook high @nemies
oat) [N dwerges ol Te -

%Il :"-..F—L =’>r|_!'=A+.1ﬂE.D
w

w

- First skark  with Covlomb (€D =0 and.
Nkegrake down ko =Wy

= % s 2 e
P(%} P I+Fln(.EF/£'3ll)

- At this eNeyY odd (n phonons so Ll
Fldp) = p* N - i Integmbing gwes

. "
i b= X a (%)
= B = (Op e_vi

. M&gnﬂ-:fc. *lr"lj)(_)ﬁh'ej 3\-;:-1 egn
L
£--d% * Wk

ol
L+rx



Matrix Diaaonal;

. Ef-an for ' is a makrix €a with rows
and co\umns IG]:&“E.&. '53 Mﬂ.b&ul:ﬂd'l’.k f&%uencﬂ:

M - E-‘:& +eA] - ]'_-)E-i-l:ﬁ'_\ e p
where Mom = MEEn); Aam s AESn) 3 Lamz1 and
€am » @+ Sam. Solving for I Gith Tam =Sam

P - 93+ 151080237 [-21+ R)

S 2L EF o St e R 23t B[] kR

‘ W\nen the ﬁm&[-;r'fﬂ in brockets has a zero
Eige_nvaluﬂ, s Singulm‘ and- we we ak Te,

. Rank nj’. makmx l“'l'-'f;.:ﬁ depends upen T.
Start ak MQ'I"‘.-T:F , Find lowest Eigenvalut
and increase M by one ur'nl:‘.} En:gmuc..'lue_
c‘_"nanae.s S\9n . Then To/Te = Mo/M .

. F&Sb + o.d.ﬂ.pl:n]:ﬂe Usthj Ln.nc?ﬂs on Penl:ium il




Fecock of Magretic Tempurikies

. Ex!:encL & &n ko iadude n"man?Jcic, |'mpuﬁties

M €
M(E ) = [-X *ENEED] -7TE [-X+EAGRED] 4 é-“ m i

A&, &) * { I"[m] AL
,n[_flm +1(,|'®1.] Enlm >0

. Matrices dovble ia SIze to renkk 2M doe
ko brenm‘nj n}: Lime - reversal lavariance. .

. Magnekic \mpurities aoffect both mean field
ond- pecturbabive terms. Hard to apprnimake
by differentic! e9n ounless we ygnore 21nd effeck

S i -1
> & o

a:.\:~+-.‘,--.i

. Expﬁ.ﬂ'menl;u]h meosure P&fr-brEﬂn.ldtr?j rake
per lenpuCiky

T’naor:] pﬂaéwhl:& «<(Rg) mﬂuﬂ conskank.



MAGNETIC _1MPURITIES EXPT
[CHERVENAK + VALLES PRRBE! 11977 (1998) 1]
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FIG. 1. A 10-A, 800 = 02 Pho.oBis.. /Ge Alm in which T, is
suppressed by incrementing the thickness of the Gd top layer.
The dashed line suggests the regime of linear suppression of
T.u_ 'i:h ﬂ-,F'.

LINEAR SUPPRESSoN OF T BY Yrg
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heE

: mental runs showing T = } in PbBi films.
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First Order PT. : Mo ‘ eld

| 'FI‘J"’SE dmﬂ. bj Mﬂﬂm\hffu', E}DiSﬂ,ﬁfﬂ_ t.'?'.ﬂCL
Fu kuyemo., J Phys. Scc. Jpn. B2 1352 (1983) :

n(38) - W) - ¥Ck * grrm) * Rue + Ry
Rue = - £ ln*(Gmm) - & lIn(m=) [ W) -w (2]

R = -5l (5es) - tla@Emlvd) - v =) ]

. Basic idea: magnetic fidds scramble the

chase. coherence needed for superconduckiviby
cnd- the Jocaizakion processes thak Suppress
mpe_rtnnduc.lc{flhd . WHO WINS %,

- Above _Farmda predicks Upkurn in He (1)
akt low T as Ky increosed ie locelzakion lases.

- We. find effect disapprars if Sums in
peckurbakion thesey performed. carefully,

| NO UPTURN IN He (1) PREDICED “
BY LOcALIZATION THEORY



Effeck of Magnekic Fields
"« We extend I e9n ko indude magnekic Feldj

bj Cf.‘-.‘CLdﬂ..l:fﬂﬁ N ak JC.h]!;g external Momentum
ond Seking D9*=Yf, = 2DeH:

M(&e)=[-M+ EA&g)] - TTE Xt &) ] l_l;(n%%
€nkm>0

n:-{ﬁu}

P a_)_{ In[grerveys)
I [Tees] * toenm  Se<e

. Maknces double in size o renk 2M due ko
brEn.l-uilj c{ Exme -reversal invariance.

. Flnd NO POSITIVE CURVATURE N Hea(M.



Gr'aabeul + Beag\e:, He(™ Dako.

PRB29 L167 (1984)
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FIG. 3. Upper critical-field data, with GLAG fits (dashed lines).

Inset shows MEF theory for same samples.
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Fit of H_, Data to Exact PT and MEF Theory
L Expl : Hebard + Poolanen PRB30 4063 (1954 ]
A : T -
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T: SUEErESSinn N QE_SL-—ID Whres

. P wires GJ: IQQ?l::L) L~2pm and whd Yas
a.~ Jooo - 150A°. Find decreasing wid kb
furlsher SUPPMSEQS Te-.

. T"'te.urel-:\'callj new Paal:urﬂ (s bhak bronsverse
momenkum Sum Cennol be reploced by
N iﬁ'::tjrt..\ :

- R
Nea, &) = T2 2 DErleie

: 47D 5 ID‘:'# 2d3, ! :
- @ 2w DYy + DY + DTT(Nem)

- &- | — — kon™ I/ ]
. 124.. \fﬂ' - ?Cﬂma} [:Jﬁ: + ?(ﬁ-ﬂ'ﬁl}

. Fth, theak cesult is very sensikive bto
bouncln.rj condikions:

9a = %E p=o,E, 2 ... (_p-la.r"'mcl{c. )
9o ® ].EE, o=to, tl,22.-- (_ﬂr&ﬁ + Fuakelstein)
Qat BB prote (e yradien)



. Zerd gradienk bouvndary condibiens are
correck swce bhese correspond. ko 2RO
supeccurrent Flowing ouk of sides of wire.

. Aa addikional prd:\e_m s thak TRa) dake
on 2D Filems doesnt fie well ko theory
quankity ko consder is Tc Suppressien o
wires relakive ko _Filrns:

[Te(a, Ra)/Te(8,0) |/ [Te(2D,Ra)/Te(2D,0) |

. 2D -> ID CrosSover occurs hen widbh a
s of Samne s\ oS Ehermel 1&/‘5'::‘-'1
Ly = [2wD/TI™ ~300A°,

. Get Qruo..li!:u.l:iﬂe but nol quantikakive
agreement bekween theory + expt,



T._vs Nocmal Stake Ra for
2D Pb Films + Wires
[Sharifi e al PRLEL 428 (19930 ]

E L I Ll

2D Film
v 950A
& 550A
= 370A
e 220A
+ 150A

Transition Temperature T /K

0 500 1000 1500 2000
Resistance R/L2
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!nggig % §g,1|mb Interackion

"« Stark with superconduckting Ta. Film o
Ry ~1002 Wb shows Te suppression.

. Add thin oxide 1:13:&:— and. e Ay ?a,:,e:r:
image  harges taduced in Au weaken
e.j}'e.ch&m Conlemb iNkeracken,

. Te Increcses showing suppression dur o
Covlomb  nterackion.

Spin-OcbilKaklering

. Spiﬂ-ﬂrylt‘-‘ SCﬂ.l:'t:Er"frlf.) leads ko an
ankilecalizakhen eﬂleck . o(TY INCreases
as T decreases.

- Would his lead b Lyreing oF}. o
suppression &ffkcls ¢ e T T as Yo, ™ R

. Seen explt wikh gmnula..r Al + 7,




Turning OFf T Suppressian

in Ta Fl]rn.j b; '"ucnma_n}ﬁ
Covlomb  Tnte rockion
LASW]"\CJdmk + Adlans PRRSe I%?..'L(qufﬁ:)]

Il:v--
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Temperature(K)

o — lq w ('?_'-?Choﬂﬁ )
—— TaOy { 50-100A")

T Ta filen (m1002)




_E%E.C.t q,f Spl'n-Orb'jlz Smhter'in;
on_Te Suppression in_ Groauler Al
[LMNer et <\ PRLEI 2217 (19%9)7)




