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Nematic Instability and Motivation

« RLand JM in [2] developed Landau Theory for Helical Fermi
Liquids which suggest possibility of isotropic—nematic transition
In 3D Tls.

* Electron-electron interaction may lead to spontaneous breaking
of rotational symmetry [3], in particular to nematic order.

* Nematic OP Is traceless symmetric rank two tensor. As TrQ”3 In
2D 1s zero, It IS expected that isotropic-nematic transition is
continuous.

* No theoretical description for nematic order on the surface of 3D
Tls.

[2] RL and JM, Phys. Rev. Lett. 115, 066401 (2015)
[3] I.Ya. Pomeranchuk, Zh. Eksp. Toer. Fiz. 35, 524 (1958) [Sov. Phys. JETP 8, 361 (1959)]



Model

OKF[4], spinless

Ous (1) = ——ot)! (1) (8ay + 0480 — 50D - D)(r)
kF Helical

Quy(r) = ==t (1)(0ads + 0100 — Sas0r - D)o(r)

Here KA A for the undoped case representing momentum cut-off;

ka = k for the doped case.

.The model Hamiltonian is H = Ho+ Hint
Hp = Tk k (h(k) {' v\Hint = —é fdg'?" Tr (Q(“'")Q)
BN 1k 1

.

. 0 ke '
h(k)=vpz-(oc xk)=vp ( o0 0 )

[4] V. Oganesyan, S.A. Kivelson, and E. Fradkin, Phys.Rev. B 64, 195109 (2001)



Mean Field Theory

.Integrating out fermionic field we obtain the following form for the Free energy
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E(A)-E(0)

Mean Field Theory for undoped limit (zero chemical potential)

2 A2k
.Free energy reduces £(Q) = —Q? _/

f2 |k| <A (2m)2

0.02
a = —0.61.

0.01}
0.00
—0.01}

0.0 0.2 0.4 0.6 0.8 T.0

A
0.4 0.6 0.8 1.0
T/VFA

e(Q)— E(A) =

= 2Q/vrA

A

vpA3 [ A2
32 A

—|A—1E(—

AA

A = 2fo\/3n2v0p

(A1

)

Isotropic Phase

TCP,
Nematic Phase
,/'/}V[etas able :
Y R W R N R R ¥ S



Mean Field for doped limit

.In the doped limi 1t > vrA where A s a cut-off momentum around the Fermi surface

kp + A

kp ] L2k /’fﬁﬂ dk k fﬁﬂ by
k—kpl<a (2T)2  Jkpoa 27 Jo 2m°

.To leading order in A/kr  we obtain for energy

E(Q)—E&(0) = (fg —N(u)) Q* + g(’z’)@* +0(Q% , where N(1) = p/(2mv%) is non-interacting density
2 H of states at the Fermi surface.

.Thus we found continuous phase transition even at zero temperature. This result is in full compliance
with the results of RL, JM article [2].



Doped limit. Breakdown of spin-momentum locking

JIn mean-field Hwur =) tlr;tﬁkd*k where Hi =vpz- (0 X k) —pu+ Qab(craféb -+ crbf{-a — 0qbO - .i.;:)

A

kg = ka/k.
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.The eigen-state with positive helicity is [V4(k)) = 7 2%k —Af
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Anisotropy of spin susceptibility

Spin susceptibility was calculated to the first order in A in the presence of a Zeeman term

. 1 :
oHi = —59pBB - by using Kubo formula
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for doped(atzero temperature in the vicinity of QCP

In contrast, for regular nematic
Fermi liquid spin susceptibility is
isotropic.



Collective modes in the doped limit

Following OKF, it is convenient to represent order parameter in terms of Pauli matrices

Q = YTAYT, + %DTAQwa-I | Ay = —i(0,0; — O’yay)
Ay = —fi(crmé,y —|—O'y§$)

Performing Hubbard-Stratonovich transformation and expanding the action to second order in
bosonic field n = (ny,n2) the effective action
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with essentially the same bosonic propagator as in the spinless case [OKF].
At criticality Loverdamped
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Collective modes in the doped limit

Nematic fluctuations may induce spin fluctuations in a helical FL. Using Kubo formula

d(si(g,w)) o Hﬁ(q: w)on;(q,w)

/

L (r,t) = —if(t) ([(VToith) (m ) (WTA0) (0,0)])

AN

p+q.ip, +1iq,

P, lpn

It is shown that Hﬁ is not equal zero in isotropic phase, the
same is expected for nematic phase.



Electron Self-Energy

q,qn
At one-loop order fermionic self-energy is o Sy
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.In the nematic phase using several approximations the self-energy is estimated to
Y(k,ikyn) = (1 — 0y cos 30 — 05 sin30k) | cos 2f9k|_2* Yo(k,iky)

1
* Ik = - thus we observe non-Fermi liquid behaviour at QCP and in the

1 — Re[Z*(k,w)]’ Nematic phase
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Conclusions

Owing to strong spin-orbit coupling, nematic order parameter in helical
Fermi liquid involves both momentum and spin, unlike the case of the
spin-degenerate Fermi liquid.

For undoped limit, we surprisingly found first-order phase transition
which evolves into continuous one at a finite temperature tricritical
point.

For doped limit, phase transition is continuous even at zero
temperature.

The consequences of developing nematic order are partial breakdown
of spin-momentum locking, spin susceptibility anisotropy (both limits).

Nematic fluctuations may induce spin fluctuations.

Non-Fermi liquid behaviour at QCP and in the nematic phase.



