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The Effect of THz Radiation in Superconductor Media

Ladan SheikhHosseinPour, Mehdi Hosseini, Mehdi Bahadoran
Department of Physics, Shiraz University of Technology, Modares Blvd., Shiraz

In this paper, the effect of temperature on THz radiation in superconductors media is investigated.
Electromagnetic equations for vortices have been solved and the radiated power versus superconductors
parameters is calculated. Results show that radiated power is slightly dependent on temperature for those
much lower than critical temperature (T.), but an effect of temperature is significant near T.. The results also
reveal that the peak of radiated power gets its maximum just before T, and then decreases sharply.

Keywords: coherence length, penetration depth, temperature, THz radiation

AR

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://www.opsi.ir/article-1-1791-en.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

Olnl S5598 (55l 5 (cwigee ST el 5 ()l Seisisd 9 Sel ST ety g S
VYAV cpage V18 el gl pnds 5l pms oSl

Ol e Xy Lo )5 gaslis o i )5 oyl
X 9o bty 50 blooy ol Jsbo Lx X 90 (59, ,Li0 5
o lalewl s behs oo alolia=fg/B<<i
B (E 055 B3 mpian b 5 5o

oS oo oolainl STpo s sloay wslS &
Shgo 4 Ll ol lae o )lo bglas e85 > &Yolee

X,=an+vt, y (z)=ap+5,(z) M)

o5 olbulal 0(27) 5 zuzeo slasl p g N bxsl jo a5

Lol Y jeome Zg 4o
spaz 5l (B eebline Glae 05 Ty sl
alolas ;5 1, (V) salolas bl ol Lams 5o Lo Lo 5
Jleel o1 35 40,68 Jooss 5 09,5 6,85 (V) o

1S ga o0
-1

Bzv(a),K):(K2+%J f‘;ZIdzIe““dt

_R?
xje‘i“e Cd3r ®(—ﬂ—tj
v ()

6Lad ;o (V) salslas 5l (18,5 (wgSae (52,58 oo b
5 03,5 o |, X=0) Ll pl 50 50 gumblise laws Ky
Gaxdad 10 0 o galal, oaile Clus l eolaiul b

g Ay 55 &g 4 Lo

Bzv (a),x =0,ky,Z )=[J¢_;n§_;e_yg/§ Q(Zyp/g giky)zg /A

eb/i(an+4/§2).|'dzeikzz e—i(w—bv/ﬂ)(an/v)
-io+ibv/A-¢

9]
2 2 0.5
.wlb:[lJr(kVY) +(k22)} 398 skl o a8
Ll plp JS (gmblise los
B, (t,r)=B,, (t,r)+B,,(t.r) )

i ey el (V) Jsl salobes ls> B (t,r) a5

\YY

doddo
Coaols a4 olRiles] ,s alKan s '3 YAV Jls o
w ol om Do po b sles 4o 0 oUlu,
ab 28l ilpsS 5l alasll plaedils olides JLis
593 bloypl Cools aalS VoA B YL slables ,5 o
5,5 sanlie | gyemd Ll omess [¥oV]onS L 1
Ol s bz o Vb L labls, a5 Sl
srbolineg mSIl Zlaal 095 51 03y S o E 25
Fralp gesgazme jo Ll LuilS B a5 S e b
Sl a3 55k slasp)lS 5,05 2l [Flea
Syl g kel o i (b alex 3l L
o]s)ls sgzy ilize glie 5,0l (b oy ol
IVsflowl audior 516 oVlail mlie ol
sob Jolds 0g go oolatnl oo (pl jo aS olaasy
Osedier cYlasl il oy .cesl YBCO 4 BSCCO
o GlaJle jo a5 ol ooy Dlgg S Wiz dga> )0
Slgoe Lo [Acwl anl il oly Lo w4
Los 56 el 5o oms oais |, oblo, ol sl el )b
5o anlllae Ll ol slodasmme ;o 355005 (b
dwlomo Ol 3

090 & HLB0S Sjse 4 Wlgiee empbline Gl
WS (oo Sons pj Ll Sl lae (pl oS 3585 Ll
L4411

)
@)(x)‘Z s slwly jo axly jloy €7 ol ol o

55 0 e M(t,Z) Lo pgileS @y dgis Gae A caly 26

Onnes
Fiory

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://www.opsi.ir/article-1-1791-en.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

Ol SH5598 (5,9l 5 (cwiige WS Gredsil 5 ()l Seigisd 9 SEl Gl RS ety S
VYAV g V-8 el s o5 olS2500

6y ol 5 00 oy o2l e3 ) USCE e
Ol 5 el oo sols HLis VD goods lxigs (sles
Sl 1y cl oo saygl Jgl gald os L S
G T L L g (o5 B 4 Soop (slauils
oy &5 jshailan 39y 00 (e 3l IS @ b g 0l Jie

Sadign fube S S S5 3R g
1

o
)

o
=)
:

Normalized Power
>
~

o
)
:

A L\
0 L LV AN oy S TN/ N N
0 0.1 02 03 04 05 0.6
frequency (THz)
bod lp S B conz p0ud i (26 Bl Hlaged ) S8

=V/0 goads jlrigs

%107

—¢

_J

0 0.2 04 0.6 0.8 1
Normalized Temprature

Lo o 2 3585 Boe g (owgdhan Jobo jloges iV S

> g 3985 Bes g (owgded Job jlogei T JSS 5o

0

b aS 0gd oo o0ud JS& 50 el sdelye ioled a4 Leo
5 ol sho Loyl ugann Job Sl sles 5l L3
O S0y b Ll ols vgzg a4 ULl Cols
el basl ol cwgoes Jsb o Slhou sles 4 Les
g 00l oLl gwgden Job Sleu sles o as
slales ;o (izmen g)00 o ) (2l ool

Loy ol Coli Loy 395 Gas o olpw slos 3l g0

\YY

oS Glae 4y punbline lae cos a5 ¢ sl
oS o0 i 5 g 4 [V AT e
k |®(k -k ?) ik ©(k ?—k ?
g(a),kL)ZI m\l/k (2 wk - 1 )_ w\/k(zl k Za))
o N1 1 Ry (?)

2yl o o862 50 Bl pl G206 Gl cnlple
]l alze LB

dk
(2r)’

- ckwJ dk , 1
87 7 (27)? m

Sole 5 (F) sdlolee 6,10l 51 ool oles Lules

B, (,0,k,)[
M

Re[g"l(a), kl)]

P (a)) :;71

A%kZ2[B,, (@,0,k, )

1l oo Casdy 5 S50 4 (V)

P (@)=L, Kt B L gy )
” P8t 2t ok A
iy o -iban/2 )

ie-b/z(amgzb/(u)) o e -
—-iw+ibv/A-¢

X

L

S (kJ_) = ZJ.d_Zeikzz+y§/42(ikyyp)*y3/4’4+ky2y§/4

P @ @)

SP Bie o glp bl e b g

oyt pl bl ool awle (Kpaly <<k, Ly, <<1)
oy sl 9Idk/(2n)8 (k)=Ya sl plis olgs e

:[\ . 5‘\];‘;.&‘.) w...m|5.>

L Lzl |Z Ba_za)2 2 _ 2
P (0)- 2 BT (o)

—i a)an/ve —iban/2

[1]

=t £
A —Ia)+lv//1—g(\‘)
2 b= o cplpls cnl (KA <<1) &Syl Jdo &

@ Llo b qwgden Job g 3585 Boe sabal) 85

:[\ \9\]@»‘ ) C;)}..o

2= (-t) " E=g - T

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://www.opsi.ir/article-1-1791-en.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

Olnl S5598 (55l 5 (cwigee ST el 5 ()l Seisisd 9 Sel ST ety g S
YFAY o MV el o o e ol

&S 4l
et clabes gl Los ialsil b aS s e bt b
ol Swil culs b sl lg glhee sles 5l S
Sy 50 093 didion 4 Slymn sled (oo o Bl e
slod ;3 a5 ik & wboo 2 Copu 4 g
2 Nlgiee anier gabll wwye She A Gl
Sl o les e b aS |z 0l e los sloo IS

e

[1] K. F. and A. Sudbo, Superconductivity Physics
and Applications. John Wiley & Sons,Ltd,
2004.

[2] P. W. Anderson, “The resonating valence bond
state in LayCuO, and superconductivity,”
Science, Vol. 235, No. 4793, pp. 1196-1198,
1987.

[3] J. Nagamatsu, N. Nakagawa, T. Muranaka, Y.
Zenitani, and J. Akimitsu, “Superconductivity at
39 K in magnesium diboride,” Nature, Vol. 410,
No. 6824, pp. 63, 2001.

[4] A. T. Fiory, “Quantum interference effects of a
moving vortex lattice in Al films,” Phys. Rev.
Lett., Vol. 27, No. 8, pp. 501, 1971.

[5] D. Mittleman, Sensing with terahertz radiation,
Vol. 85, Springer, 2013.

[6] Y. Makhlin, G. Scéhn, and A. Shnirman,
“Josephson-junction qubits with controlled
couplings,” Nature, Vol. 398, No. 6725, pp.
305, 1999.

[7] F. S. Cataliotti et al., “Josephson junction arrays
with Bose-Einstein condensates,” Science, Vol.
293, No. 5531, pp. 843-846, 2001.

[8] T. Kashiwagi et al, “Generation of
electromagnetic waves from 0.3 to 1.6 terahertz
with a high-T, superconducting Bi,Sr,CaCu,0g
intrinsic Josephson junction emitter,” Appl.
Phys. Lett., Vol. 106, No. 9, pp. 92601, 2015.

[9] L. N. Bulaevskii, E. M. Chudnovsky, C. L.
College, B. Park, B. West, and N. York,
“Electromagnetic Radiation from Vortex Flow
in Type-II Superconductors,” Phys. Rev. Lett.,
Vol. 97, No. 197002 , pp. 1-4, 2006.

[10] M. Hosseini, “Optimization of the THz
radiation from superconductor at non-laminar
regime,” Physica C: Superconductivity and its
Applications, Vol. 529, pp.36-39, 2016.

[11] L. N. Bulaevskii and A. A. Sobyanin,
“macroscopic theory of superconductors with
small  coherence length,” Physica C:
Superconductivity and its Applications, Vol.
152, pp. 378-388, 1988.

\YY

@ S & 398 Ges Sl led 4 b Sy

S oo e ol
O ) oad iy (AL Ol jloges ¥ USCS
510 el [0 a5 weo o lis S ol e o
50 8l b cwl el gl wuls s F5 Glee sl
5 39 o0 paz S le ol Slou sles 4 SGop slales
sbeo o g a8 o cdl a4 glee sles 5 8

sy 50 Yo 4y Sl

0.9

0.8 1 :
07 L 0.8

0.7

0.6 ¢

0.6

0.5

Normalized Power

0.4 ¢ - -
0.5t 09 092 094 096 098 1

0.4 : ‘ ‘ ‘
0 02 04 06 08 1

Normalized Temperature
Lod sy ol jlonign (0l lov loged ¥ S
EPIWE VIR W )l;:...e. 4 LSAMJL u‘?‘ (LoD ULM; ¥ s
3o &S jehiles all o alBw glales gl Wl 8
Crbe u_._;l.' Lgl.mLo..s o O‘93 (_ngd.lé ‘59"“%5‘ ol Ji.a
2 sshies g ooad SsS B A Sl sles

Sgb oo ol Sllwg o slaasls

NN\

3l " =0222
\ ——1=0.944
t=0.972
———t=0.996

Normalized Power

0 L L L
0.624 0.625 0.626 0.627 0.628 0.629 0.63 0.631
Glales (6l S 3 s o Jlovigy 2l g8 loged F S

Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://www.opsi.ir/article-1-1791-en.html
http://www.tcpdf.org

