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OneKTponpoBOAHOCTb U TEMMONPOBOAHOCTbL METAanNMNoB Mpw
BbICOKMX 3NIEKTPOHHbIX TeMMepaTypax, BO3HMKAIOLWMX Npu
BO3ENCTBUM Ha HUX DEMTOCEKYHAHbIX NTa3epHbIX UMMYNbCOB.



Two-temperature hydrodynamics approach
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Hydrodynamics equations describe:

Heating of ion subsystem via energy transfer from hot electrons to ions (term
with the coefficient « )

Expansion of electron thermal wave into the bulk target (the k= -
term — electron heat conduction in the equation for the energy of electrons)

Expansion of a hot target matter
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YoenbHoe conpoTunerieHne HeKOTopblX MeTasriJioB B paBHOBECHOM CJly4ae
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Al electron density of states
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Density of States (DOS), states/eV/atom

Ni electron density of states

Ni | - - fle, T.'O.‘ eV)
| P — - fle, T..1 eV)
------- fe, T ,=2 eV)
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Density of States (DOS), states/eV/atom

Au electron density of states

— e = {(g, T 0.1 8V)
------- e, T =16V}
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Parabolic approximation of Au density of states (DOS)

DOS, states/eV/ atom
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OneKkTpPoH-OHOHHOE paccesaHme
Cucrtema KMHETUYECKUX YpaBHEHNN NS S- U d-9NeKTPOHOB

(Hss +Gsd)Ts _%Hsdrd =1
d

% Hys7 — (Hgg +Ggs) 7y = -1

S
OTcropa

m
—Hg +Hyy + Gy
my

z,(e) =
(Hss +Gsd)(Hdd +Gds)_ Hsdes
deds+ Hss +Gsd
ms
74(&) =

(Hy + Gy )(Hyg +Gye) —HygHye



MaTpunyHble areMeHTbI
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Ob6nactn nHTerpMpoBaHnUsa Ha NNOCKOCTH p-q
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YoenbHoe conpotumerieHne 30J10Ta B paBHOBECHOM Clly4ae
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Effective frequency of s-d electron-electron collisions

Scatterng of electrons with momentum P and p

and transferred momentum (]

p+p = (p+q)+(p'—q)

Electrons interact through the screened Coulomb interaction
2

Ury=S-e™
F

with a screening length
|

A=—
K



Freguency of collisions of s-electron with momentum [P with

other electrons

2
27 4’ dg ¢ dp'
I.II - - - - {I] i Ir'l -
®) [q'fﬁ'+ﬁ:'] {zﬂﬁfjizﬂﬁf PP

Sle)+£(pH—cp+a)—£'(p'—q)]

®(p,p’.q) is a statistical factor



When considering sd->sd scatlering

O(p.p.q) = f,(p)1- £, +]1- f,(p' - q)]
+ L p+q)f,p -l- f(p)]

Al electron temperature T Fermi functions are

1
f.(&)= f e n £ is a bottom of s-band
e T +1]
f (5') = ! &,, &, are the botiom and fop of d-band
d & te—u -
e T +1]

(1) is achemical potential
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Average s-d electron collision frequency

When having the frequency of collisions of the s-electron with given momentum
p we can obtain the thermal conductivity coefficient due to s-d electron

scattering;

k ; o &— ﬂ]‘-’(ﬁ]ﬁﬂiﬂ
=210 (e-
K., (1) 3'[[3 ,ﬂ][ (& ]][5T ) (o) REPE

Then we define the average s-d collision frequency by using its Drude relation
with thermal conductivity coefficient , mean squared velocity of s-electrons and

their heat capacity per unit volume

1 C (T)V:

PSH{T] = E K., (T}
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KoadbdpmumeHT TennonpoBoAHOCTM antoMUHNS
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KBaHTOBOE MONEKYyNApHO-AMHAMNUYEeCKoe MoaeNMMpoBaHne
TENNonpoBOAHOCTU antoMUHUA B paBHOBeCcHOM (Te=Ti=T) cny4yae
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V. Recoules and J. Crocombette, Phys.Rev. B72, 104202
(2005).



CpaBHeHMe C pacyeTamMu o KBAHTOBOW MONEKYNAPHON ANHAMUKE,
antomuHmn, Ti=2000 K, nnoTtHocTb 2.35 g/cc
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------- Norman et al. CPP, 2013
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Chemical potential of Au

- — — — with Sommerfeld expansion
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Au. Number of s-electrons per atom
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Au electron-electron collision frequency

15 -1
1V 10 s
E-.
‘I-.
T.K
0 o0 00000 30000 0 40000 50000




KoadopumumeHT TennonpoBogHOCTM 30510Ta
KakK QOYHKUNSA SNEKTPOHHON TeMneparypbl
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MNickel electron density of states and its parabolic approximation
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Chemical potential of Ni
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Thermal conductivity coefficient of Ni and Al due to
electron-electron scattering

S
\
i
(]
6000 \
\
E \
— \
e
= 4000 - .
=
L ~
e s Al
200
Te, 104K
“ I | i | i

] 2 4



Average freguency of electron-electron collisions in Ni and Al
as a function of electron temperature
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O deKkTMBHAA YacToTa ANEKTPOH-3NEKTPOHHbLIX CTONKHOBEHUM
B 3aBMCMMOCTUN OT 3MNEeKTPOHHON TemMnepaTypbl
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KoadphpuumeHT TennonpoBoaHOCTU HUKENS B 3aBUCUMOCTU
OT ANEeKTPOHHOM TeMnepaTypbl Te

a0t K, W/(m K)
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YoenbHoe conportmerieHne HMKen4d B 3aBNCUMOCTH
OT TeMnepartypbl AIEKTPOHOB
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Within the effective mass approximation

p2

p’ ¢ P m, =1.1m

E=—— , & =
2m, 2m, m, = 6.8m

(HMKernb)

Energy conservation
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Pt (®'-q@ p
2m 2m 2m, 2m,

5 .3
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In terms of variables f and [3

D(a,p) = f,(N1- f.(e—a)1- [+ B)]
+fie—a)f, (&' + Pl -f,(eh]



In terms of variables (¥ and ﬁ the collision frequency of s-electrons having

the momentum p with d-electrons takes a form

: 2
P _ E_;fr de” d*q d'p' ~
vip)=v(p) - [q:fﬁz+ﬁ'2] {Eﬁﬁ}}j{hﬁ};ﬁl}(mﬁ)ﬂﬂ )



Frequency of sd-sd collisions as a two-dimensional integral

in p'—q plane

At given p introduce polar and azimuthal angles of vector q 9 and ¢

(@ s the angle between ) and (] ) and the variable [ = —COQS ¢
At given q introduce polar and azimuthal angles of vectorp' 0' and §0'
and the variable ' = —C0s &'

Then

2PQf-(]2 d3q= zmnsq dqda

a= ,
2m, p

yat ) 2 s , 2mm,p"
ﬂ:qu’ T4 @p =" dp'dp
2m,, q



)= 2 [t )
775 g’/ +x* ) (27h)
2p'dp' 27mm
2 27mm, D(a, )5 (a — f)dad,
J(M)J -2, (@, f)5(a ~ Pdadp

After integration over ﬁ because of the presence of 5 -function

F{P}=E_;r j 4;!?- j] dq EJ.EP dp’ 27m, 2mm D(a,a)da
holg/n®+x° ) (2m) 7 (2m)  p



Because of dependence H'(p}p'}q} and {I"{ﬁjptj q:] we obtain

T

2r 4e’ di 2p" 2mm
N = 2mm
V(p) I I[qz B+ K ] {Eﬁi!}j I(Eﬁ'ﬁ}j P !

xD(a'(p,p'.q).a"(p, p'.q))dp’

f
For given P the frequency of collisions Is a two-dimensional integral in P2 — {

plane
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g, number-of-states / atom / eV

[TNOTHOCTb COCTOSAHUN HUKENS
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