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What Is the order of any possible ferromagnetic instability?

-1t could be a second order ( Stoner instabilit_y%
-1t could be a first-order ( Bloch ferromagnetic
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Stoner instability: I. e. Short-range interaction between e-e

E. C. Stoner, Proc. R. Soc. London, Ser. A 169, 339 (1938).

Bloch ferromagnetic: i. e. Hartree-Fock approximation
F. Bloch, Z. Phys. 57, 545 (1929). r, ~5.45(3D) r,~2(2D)

-1t turns out that the first-order approximation is quantitatively incorrect

Exchange instability: Gapless graphene !

N. M. R. Peres, £ Guinea, and A. H. Castro Neto, Phys. Rev. B 72, 174406 (2005)
- Inclusion of the correlation suppresses the spin-polarized phase
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-Demonstrate the importance of including XC effects together with disorder effects

Martin et al. Nature Physic 4, 144 (2007)
R. Asgari, et al PRB 77, 125432 (2008)
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1) Breaking of the sub-lattice symmetry
v Different density of particles on the A and B sub-
lattices
v Kekule distortion
2) Spin-orbit coupling
v" Rashba interaction
v Intrinsic spin-orbit interactions
3) Finite size effect
v Armchair Graphene nano-ribbons: Electron
confinement
v' Zigzag Graphene nano-ribbons: Edge states
4) ...



1

H = Hy+ o Y wyligi_q — N),
q=0
A hvk* 0 0
hok —A 0 0
Ho = 0 0 —-A —hok
0 0 —hvk A

Ho =Yy o Vi s HoVk.o




2
g, Qu) = —i d k o Tr[ivo G (k + g, w + 2, p1)iyo G (k,w, p)]
(2m)¢ | 2m
. — s + ﬁ-t}"r’ . k + 3.& — St + ﬁt.”‘r' . k + ?.&
DNk, w,p) =i—7" —— . — ' S(hw — Vh202k2 + A2k — kp)
—w? + hv2k? + A2 —an VEZe2E2 + A2
(0) 4 !
X qiw ) = —5—=ip - A+ 5
27 2 [e2 +h°w? - 2
.'q 1 2 “:g + h 2
g2 i A2 2+ ihw 2A + ihiw
L e
4133“12'@2—#53 i ”Q—i_ﬁw ’Q\/lﬁ_iﬁiﬁ 5\/1+ 2_%_%22
€2 Qi + ihw 4A2 2+ ihw |
- e (/) [+ ) — ()
4 h2u?2+e2 [ Fa fgthw e
g2 2A + ihw 1A2 2A + ifw )|
+ El Re (—ﬂ ) (1+m] _(H—)E } )
4. [ heo? ‘|‘-‘:'f§ Cg .f:.‘l_:|| + R w? =g ]
A. Qaiumzadeh & R. Asgari, Phys .Rev. B 79, 074414( (2009) “



1 e
o
w
[m]
el
e-.
=
= 2
= T T
-._gf 2r .|'!|."€k==|:| o
o 18 | Aley =05 coeeee-
I ﬂ.llEk==1 as
T 15 | A =10
Neg=1 14 F (a)
_4 1 1 1 1 1 1 1 1 1 _E 1 1 1 1 1 1 1 —
o 01 02 03 04 05 06 07 08 08 1 1] 0.5 1 156 2 25 3 35 4 45 L] &'5:
o/ep w/eg o 12r
=
5 7 1
Aeg=0 —— . E
(c) Algg=0.5 v L o
Aleg=1 - 6 ANep=0.5 - (d) = 08
Aleg=1 2
a=0.5k¢ sl =25k - L
04
0z
0 1 1 1
! 0 1 2 3
a'ke

I I I I I I I I I
01 02 03 04 05 06 07 08 09

o/ep

1 1]

05 1 15 2 25 3 35 4 45 5
w/eg

A =0 : B.Wunchetal. NJP 8, 318 (2006), E. H. Hwang & Das Sarma, PRB 75, 205418 (2007)
Y. Barlas et al, PRL 98, 236601 (200

A#0:

A. Qaiumzadeh & R.

A

sgari, P

1), :
B 73, 074414(2009), Pyatkovskiy, JPC 21, 025506 (2009)

!




2 ;
fl:ﬂ . y gi' r CQ ‘A
Ngq,iw,(A) = ———={pe — A+ — =+ 1 — :
Xo (416 A8) = o o 2 |G HR? g [y R A
o2 ) 2 . .
£ 4A _ 2e + thw 2A +1hw
- 2 *—Ifq QNRE [1_:24—?12 7)isin 1 — 1A? ) —sin™( A2 j
4y [ hrw + &5 ] =4 - ’q\/l"'w 5@\/1""534-?1%9
~2 i P
£ 20ty + thw 4A= 20y + thw
_ d Re |( g_ﬂ )y (1+ = = 5)— Hrﬂ )?
4, /R2? +e2 | g gt hw g

A. Q8aiumzadeh & R. A, Phys. Rev. B
0,035429(2009) 9



Ctot (M, G A B) = pin(n, G A) +22(n, (A) +0(n, (L A) z(¢. B)

P - . f. i . Y ) I_-'-.‘_. i i [ . . 4 o I_-'-.-_. y i
rin(n, (, A) = ﬁﬁ;ﬁ 2 [[APopki(1 4 ) + A2 + [FPogki (1 — ) + A%]2 — 2A%)
1 d-q f':“:'
cli LA = ——— . e () n: iw, A )+ |r1:.,f-u.:. AR
T Ay S e dw. A
ee(n. €. A) = — ;x.+‘2 f - f dioIn[1 — Vi ( (@ ir :'2 (avi ¢ al




s Total ene

B=0
B=0.1Byg o
o Y C2DEG vs 2DEG
B=B, = --—-
W o9t -
= e
3‘“[‘ Sy s 4
= T
507 . . T . . . .
3 = B=0 \
06 - 7 ~5.825} F
e » 0.28
05 e . €
R —5.83}
0 0.2 04 06 0.8 1 0.48
'o s -5.835 \
. - : . . 0.68
. B=01Byy  -eoe o)
B B=0.58 — T _ | i
BBy -eo- 5.84 0.88
17 ) .
& | -5.845} 5 1
c (5
S N T -5.85} rg=95 .
o . E
& 14 e 4
& . . .
0 0.2 04 , 08 0.8 1
13 L "~ . m N
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1 . = 2 - "1 per particle as a function of spin polarization ¢ in an applied
o ' magnetic field B ranging from 0 to B, with steps 0.2B_ for the

r¢ =35 2D electron system. (Note that B, is a function of ry.)

FIG. 3: (color online). Total energy as a function of spin Inset: The COI‘I‘ESpOl’ldiﬂg ro= 1 results
: T F, .

polarization for various magnetic fields for (a): A = 0 and

(b): A =100meV at A = 100.

A= 102\/4ﬁ_1«/§/ 9.09 Y. Zhang & S. Das Sarma, Phys. Rev. Lett. 96, 196602

A. Qaiumzadeh & R, Asgari, Phys. Rev. B ) 1y
0,035429(2009)
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FIG. 4: (color online). Spin polarization as a function of the
magnetic field for several energy gap values at A = 100. The
inset: The spin susceptibility as a function of the magnetic

field for A = 0.
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FIG. 3 (color online).

Calculated spin polarization as a func-

tion of magnetic field B for r, = 5. Inset: The corresponding
rg = 1 results. The relevance of O, A, C, and D in defining
various susceptibility are discussed in the text.

Y. Zhang & S. Das Sarma, Phys. Rev. Lett. 96, 196602
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FIG. 2: (color online). Critical magnetic field as a function
of inverse square root of density ( in units of 107 cm) for
various gap energies.

FIG. 1. (Color online). Exchange energy as a function of degree
of spin polarization, { for various gap energies. In the inset: the
correlation energy as a function of { for various gap energies.

A. Qaiumzadeh & R, Asgari, Phys. Rev. B = 5
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FIG. 5: (color online). Compressibility of gapless graphene as
a function of inverse square root of density (in units of 10-°¢
cm) for both fully spin polarized and unpolarized states.
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FIG. 6: (color online). Compressibility of gapped graphene
with A = 100meV as a function of inverse square root of
density (in units of 107 cm) for both fully spin polarized

and unpolarized states.
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