
&inel symy storation InAccess-Never model
-

# . Zanembo (Nondita & NBI)

V
. Melin

,
Y

. Sekiguchi , P . Wiegmann and H
.
Z
.,
2404 :07307

Integrability , Q-systems and Clusten Algebias

Vayna , 12 .
08
. 24



D plase dagm

Hadnonic phase : < * * - &

&want-gluon plasma : <F4Y = 0



-Never mul

(1+1)d

2 =i +(i = 1 ... N

· Asymptotically free Anselm'ss

· Dimensional transmutation : Gross , Neven'74

m = 1 +- x = g

·Chinal symmetry breaking :

X = cost



Finite temperature and density
-- -

Lange-N phase diagram :
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· Chinal crystal:
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Mi= m) choidal wave

Baazouskii , Kineva' 21
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Lange-W Solution
-

Gross , Haven' 74

2 i4-5-

5 =- my on-shell

· integrate out 4

Se = -N/ (det 82 + iludet (0 - 5))

Neo = Mean-field exact



Effective potential :

#(5)= (n(p + 02)

·
· Chinal E28--5 is spontaneously broken



om- gives mass to famiens :

itdr : -oft becomes iti-in Filli

Gap equation :

=

↓

m =
1 -



Pls inability
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· emergent crystalline structure opens

a bandgap around Fermi level :

· <5 A sin Fixe

2
-
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· Id crystals do not exist

Peiculs' 34 Landau' 38

a+Sh= a+Gue
&

- 1C

-
⑭ ⑭ F·

I I-

at

louka
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man- Mamin-Wagner term

· RxE + I symmetry breaking is fenbidden in Ad

Menmin
, Wagnen' 66 Coleman ze

Goldstone boson (phonon

- either gets gapped :

- u(a) we-

- on disorders the order paramete :

eu(e)u(0)) Benezinskii 171

Kostenlitz ,Thonless'ze



↑

&longge d

Lange-N and infinite-volume limits

do not commute Witten' 78

Quasi-long-range order

↓ FN() +(0)* Ent
p

Cicconi
,
Di Pictio , Senone' 22, 23



Beyond metid

· Does phase transition mist at finite N

on becomes a crossover ?

· Transition may only happen for NY No

If so, what is No

· How accurate is large - N approximation?

· Is spectrum gapless on system develops

non-pintubative /e-N) gap ?



Ategebility

· GN model is integrable

- exact spectrum

- exact $-matrice
Zamaledchikov, Zamolodchikov' 75

Kanowski
,
Thur'81
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·yes

2 i4-5-

Global O(2N) :

· notates real and imaginary components

of Hi i = 1 ... N

Chinal T :

↑ - Us Pi

8 - - 5

NY 2 :

↑ JOG model in CFH-equir to thinking



Bound states
- -

" leads to attractive interaction

"
j
· in the anti-cymmetric Lip] channel.

bound states :

Mi
= .. Pi]

a = 1 N-2

·I a

sin
Are



mitous

·
Glass , Dashen , Hasalacher , Neven' 75

His Nim

Exact formula :

T



Emmion zeo-modes
-

E : 0(6) model
,
N= 3

-

-S
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E B = +=B = + 3 B = - EBu-

Internal structure of a seliton :

IS ... Sp X Si I 2 states

· solitons transform in spiron nep . of ON)

Witten' 78



Inactional fermion age
-

-T
1000y B = -2 S

100X B = - E S

I B =+ 5

IX B= + S

#Man. Danyon change:
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Mass Banyon change

Flemion HA ⑪

Bound ↳ C
states sin-

2N-2

-Selitons is N



Finite bayor density

↓ -# of particles of type i

Total banyon change :

B = N: Bi

Total energy :

E = Ni he :

· smallest energy for given banyon change

is achieved by smallest M : /Bi



taxes
D
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bonn -S
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elementary
fermion

· solitous are most energy efficient. P



Ston Dystal

Ground state at finite baryon density,

I 1 -
f ↑-I !
~ L i

· All banyon charge resides in solitan zero modes



TA equious

B

(e) = (dek(0-0)21d) = M cosho-
-B

&(FB) = 0 ·
k(a)=

Free
energy :

Fo cosho l



Phase transition
-
-

· solution exists only for - M

u, = MBs = D

H
Hs = ---

2sin 2

· solitan crystal exists fer Ms = Ms

I !#a

↓O

I agree w mean field a



IBA equations foi stuous

B

(e) = (dek(0-0) Eld) = icosho-cs
-B
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Hs- Ms = DN
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#(0)=-iwo)1-aw+ tank) ↑↳ sinkW
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2N-2

Kanowski
,
Thur'81



LageN limit
-

K(d = --iwo tank =

- N: In k oth-

asth
-y

his N.

Ms = N↓

TBA egs .
at large - N.

do la koth 20 sho



Lige un

· differentiate in 0:

-
-B

Solution :

#= -emp-sintio
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complete elliptic into
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ii) -00 (perturbative regime

Bu In
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Rinnig couplings alp)=Icont
E scheme-dependent

#, "integrability scheme



Exact Prfuntion-

F k = Ez

k=
Weak compling :

R =- (1+ -- T =
-

+
..)

3
E

OPE ? Reneimalous ?

strong complingt
=-
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B

p(o) - (dotilo-d) plo) = Musho
-B

=p -

↳

(a
= a(0)

p = p(d)

At large - N :

sinkab
p(a) = -- - amsuhit-singe

C Tsinhit-singe
L
"integration, constant"



Dispension relation
-

-CECdp = --
E - 22)(422 - 22

2+= mcoshB

E = m sinhB

= L



Ep (4) EEC-speed of round

At M -> Mc : 2(p) = 20 , i sin

1= - density of solitons

· dispension of a phonon in harmonic lattice W . spacing /0

Holes in Fermi sea

↑
W

phonous in Chinal crystal



sped of sound-
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Critical dow-down : 00 Folenol



Elementarsi fermion
- -

= (a)
- date

,
lo-al) sa) = ineshopi

-B

5
determined by fermion-solitan phase shift

At hange - No

·(a) demo
-B

↓
-

20) = m Tsinlit costia - ju



Hole
-

empty zuo-mode level

1 ~ -
f I ↑ ↑

-I !
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B
changes

O(aN) chinality



Hole dispension

· (d) - do K(o-d)) = M , cosho - Ms +
-B

5
s scattering

Large - Ni
k= (d)

= +(d)-

↓

2y(a) = y + E2(0)

PF(d) = = p(d) #
↑



Petral gip

·
Y

At juxm : A~
· the gap is fully non-potubative ,

at any coupling



Conclusions
-um

· The quantum critical

point in GN model

·exists for any N

&CB

#=a !
· High-density phase has quasi-long-range order

(iv) symmetries booken (

· phone remains gapless (2 = Csp) for any N

· Ferrion spectrum is always gapped.


