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Motivation

e Higgs model(s):
e in Standard Model of particle physics: mass
@ recent years: strongly correlated electron systems — gauge theories

@ Lee, Nagaosa, Wen; Rev. Mod. Phys.; 2006:
3d-A2HM as effective model for ground state of
2d quantum-spin Hamiltonian of overdoped high T, superconductors

@ starting from t¢J-model, 4 Insulator
four phases predicted: &
. p X x=0
» SG: spin gap phase 5 Strange metal
» SC: superconducting phase Sr-... (6=0,40) b X#0
» FL: Fermi liquid phase 3 Spin gap ......
» SM: strange metal phase o R Fermi liquid
: g p ’ (620, A %0) "= A, @080
» b: holon condensate Superconductor /\-._ R
» A: spinon condensate Dopant concentration, x

cooper pair
(cooper pair)

X: (neglected) resonating Can one identify those four phases in
valence bond coupling the A2HM?
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o o, o) holon, spinon fields, 6, , gauge field

o Qn =1,Qs = 2 holon, spinon field charge
@ 0p =0np + Ontp,y — Ongo,u — On,w plaquette angle
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Insulator

~
N =0
g Strange metal LR
B (b=0,A=0)
i bh= 120
@ | (b0, A0y """, Fermi liquid
A.. ¢80

All transitions
2" order
or pure percolation

transitions! o
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Phase characterization 3 = 0.5

0.3 0.4
0.2 09
0.1 '
0.C 0.0
@ two phases:
e SC phase off ky, ks axes: @ analytic connection of
, :
low {ps) SM/FL phases
@ SM/FL phase along kp, ks axes: o SM-like at kp ~ 0, ks & 00
high (ps) o FL-like at xkj, &~ 00, ks = 0
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K, — Ks phase diagram at 6 = 0.5

1.7 = T T

o fine-grided sampling across
transition line, fixing either kj or kg

@ build susceptibility peak by
Ferrenberg-Swendsen reweighting
@ identify maximum
— position of transition

Spinon link susceptibility

o all phase transitions appear to be
27 order; clear from boundary cases

Monopole density

Rs

Holon link susceptibility

0.868 0.872 0.876 0.880 0 1 2 3
Rh Kh
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Phase characterization § = 0.8

1.0 1.0
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0.0 0.0
o four phases:
e SM phase (kp, ks) =~ (0,0): o FL phase kp ~ 00, ks = 0:
low (Ep), low (E;) high (Ep) and low (E;)
@ SG phase kp, = 0, kg ~ 00: e SC phase (kp, ks) = (00,00):
low (E}) and high (E;) high (F}) and high (E)

» boundary cases
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phase transition lines

decreasing 3: emergence of x-like structure

phase transition lines merge

below 3 = 38! ~ 0.7613:

oo: rectangular section of red and blue

transition line

at low kj, vanishes

» boundary cases
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Signature of 1°* order transition

0.50
5=038,ks =40 1
o
045 /,-'”l e in the region co < 8 < /38!
(Ey) ! two transition lines merge
040 (x structure)
. ‘ @ lines joint —
B e i Rl i f 15¢ order t it
L L2t o |- region o order transition
e @ results from activity of gauge field
coupling holon and spinon field
T T . .
o 'Ep=0.8. k,=0. 158, k=40, 16 e published in
2 Physical Review B:
= o8 MW*MWMMW ysica i
< . .
W L Bock, Chernodub, Ilgenfritz, Schiller
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http://link.aps.org/ejnls/volpage?journal_code=PRB&volume=76+&pageno=184502
http://de.arxiv.org/abs/0705.1528

o considered cA2HM as effective model for some aspects
of high-T, superconductors

@ identified SG, SC, FL, SM phases as proposed by Lee, Nagaosa, Wen

e found new effect: merging of second order phase transition lines
may lead first order transition

@ this effect may have impact on other fields of physics (e.g. QCD)
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Phase transition enhancement in QCD

e quark (7)) and diquark
T'| Quark-gluon plasma (1)) condensates
<Yy>=0

<YY>=0  Enhancement @ both = 0 in quark-gluon

plasma phase

crossover

<Yy>=0 crossover @ both # 0 in color-flavor
Lyy>= §$$§;8 LYy>+0 locked (CFL) phase
Hadronic phase |2SC/ <yy>#0 e 25C two color
CologfSuperconductors superconducting phase
0 8 @ c.g. Nononha et al.,

Physical Review D, 2006
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