
Crossing-symmetric approach to studying features of !
Fermi systems near Pomeranchuk instabilities!

K.E. Reidy1, K.F. Quader1, K.S. Bedell2!
(Kent State University1, Boston College2)!

!"#"$%&'()&*+,-.(%&/()+0&123)4&
!"

•  56-7+)8&9&:.2;&<',(+=>&'()&>;'0,+&-(%2':-?-=+%&@0+%+(2&
•  &1;')+)&0+,-.(&9&A-(-2+&B&@.?+%&C.0&& !2 " F0s,a " !1

#$%$"

#$%$"

!"#$%&#'(')*+","-."-&''''''''
!"

F0
a,s

F0
a,s (q) = F0

a,s ![c! (1+!q
2

4
)]

#" $%&" $%'" ()"*"(" '+,-.+/"
0123+/"

45363/2"

/012"' !'*345' !'*'678' 9:."#&';'<' =9' 2#'>'6?'2&'>'6@'
A27A";;'A2&A'

BC0%%'
D'>'EF6G'

!'*F' !'*'<' /012"'EHD3G' =9' 2#'>'6?'2&'>'6@'
A27A";'A2&A'

I1JK&101L' !'*F45' !'M'3' /012"'EHD3G' N9' 28'>'6?'2#';'6'

/012"' !'*345' 9":";" 9:."#&';'<' =9' 2#'>'6?'2&'>'6@'
A27A";'A2&A'

BC0%%'
D'>'EF6G'

<18=11/"
:;"5/>":?"

!'*'<'' /012"'EHD3G' =9' 2#'>'6?'2&'>'6@'
A27A";'A2&A'

I1JK&101L' !'*F45' !'M'3' /012"'EHD3G' N9' 28'>'6?'2#';'6'

F0
a (0)

F0
a (q)

O'0-.'P'('0.Q$#&0J%"',010C"&"1#'RK&S'
&L,KO0%'T0%$"#'O'E'<?'P'E'67F'

!"#$%&'()*+'#$,-.,%&/0%,(#

•  #############%,(.+'(,1#$2$3#430%),#/,-.,%&/0%,5#

#
•  ##############%,(.+'(,1#.+(()67,#89:#/%&'()*+'#;#$2$<#
#

!"#

q! qC

q! 0

! (q,T ) ~ 1
1+F0

a (q = 0)!o(q = 0,T )
!"# T = TC

! (q,T ) ~ 1
1+F0

a (qc )!o(qc,T )
!"# T = TX

(qC ~1.5kF ! 2kF )

!"#$%&'("#')
•  *!+,)-./0"1)-23)45"6(1.)2%/.5#2/.)723)/").84%"5.)9.2/&5.')25"&#1)))))))))))

:"-.52#$0&;)(#'/2<(%(=.')
•  >./0"1)'0"7')/02/)1(6.5?.#$.)(#)"#.)$02##.%)%.21')/")45"#"&#$.1)

.@.$/')(#)"/0.5'))
•  +(#?%./)42(5(#?)&'&2%%3)45.9.55.1)(#)A>)5.?("#)

–  +(#?%./)42(5(#?)(')2)$"#'.B&.#$.)"9)$"-4.=#?)'4(#)2#1)$025?.)1.#'(/3)
C&$/&2="#')D)<"/0)'4(#)2#1)1.#'(/3)-"1.')?./)'"E)

–  F#)-2#3)$2'.'G)<"/0)'(#?%./)2#1)/5(4%./)42(5(#?)25.)2H52$=6.)

•  :"''(<%.)244%($2="#')/")A>+!I)J&5)$2%$&%2="#')'&??.'/)'(#?%./)
42(5(#?)1&.)/")(#/.54%23)$2&'.1)<3)/0.)$%"'.)45"8(-(/3)/")<"/0)
$025?.)1.#'(/3)2#1)9.55"-2?#.=$)(#'/2<(%(=.')
–  :5"4"'2%')9"5)/5(4%./)+!)(#)A>+!I)>23)<.)4"''(<%.)/")15(6.)/")/5(4%./)7(/0)-"5.)

$"-4%./.)BK1.4.#1.#$.)"9)AL)(#/.52$="#)4252-./.5'G)M#(/.K52#?.)
(#/.52$="#'G)2#1N"5)(#$%&'("#)"9))))))))))))B&2#/&-)C&$/&2="#')

!"#

! =1

!"#$%&'()*+,-'./&01213$.,4!5-56.7,
•  89:,!"#$%&'()*+,1'./&01213$.,"((*%,&/,,

•  ;"%%$.<"'=,/",.>##5?0%$&+1'@,=$A"%#&3"',"A,BC,
•  D%1E$',0>,A"%F&%=,.(&G$%1'@,1'/$%&(3"'.,,
•  ;&',E1$F,/)$.$,!-6.,&.,8*&'/*#,(%13(&2,<"1'/.,

!"

F!
s,a < !(2!+1)

F0
a !"1

F0
s !"1

B$%%"#&@'$3(,4BH7,
,
D$'.1/>,1'./&0121/>I<)&.$,.$<&%&3"',4!C7,

D5,H&.2"EJ,K5,;)*0*+"E!"#$%&'"()*'"+"!"!",-.//,"01,/,2'"

!""#$%&'()$(*+,+(
•  !""#$%&'()$(*,(-.(%&&$/"%0-12(34(%(2-51#610&1(-0()'1(
&$##1."$02-06(&'%00178.(.9.&1":3-7-)4(;((((((((#1"#1.10).(
<2-51#6-06(&'%0017=>(

•  ?'%)(%3$9)($)'1#(&'%0017.@((
–  AB"7$#1(9.-06(&#$..-06(.4//1)#-&(1C9%:$0(/1)'$2(

•  D)%#:06("$-0).((
–  *%#%/%601:&(;*E>(.-21((
–  D/%77(/$/10)(F1##$/%601:&(;GE>(G1#/-(7-C9-2((

•  !3#-H$.$5(I(JK4%7$.'-0.H4(;LAM*(NOPQ>(
•  JK47%7$.'-0.H4(I(R$02#%)10H$(;LAM*(NOST>U(

!"

! l
s,a (q)! !o(q)

1+ f l
s,a

2l +1
!o(q)

!
q"0 ! l

s,a (0)! N(0)

1+ F*l
s,a

2l +1

"
?
#

Fl
*s,a

!"#$%&'&(%)*+,)&-&./012%3%12%1,&&
!"

#$%&'(" #)*+,)%"-./0" 123" 12#" 4564" 789:9%$"

4& 56& !&/789:& !&'& !"#$%&;<='>& $;"?&7@&$)&A&7&

4& B6@&"C"D&E#FG&50& !&/'H:& !&/789:& 6F2%),&=&AI>& $)&?&7@&$,&?&7J&
<$=<"AA&K$,K&

4& B6@&1%"#&50& !&/L=/>& !&/I=4>& !"#$%&;<='>&
&

$)&?&7@&$,&?&7J&
<$=<"A&K$,K&

/& 56& !&/'H:& !&/789:& 6F2%),&=&AI>& $)&?&7@&$,&?&7J&
<$=<"A&K$,K&

/& 5M@&"C"D&E#FG&50& !&/789:& !&'& 6F2%),&=&AI>& $;"?&7@&$)&A&7&

/& 5M@&1%"#&50& !&/I=4>& !&/L=/>& !"#$%&;<='>& $;"?&7@&$)&A&7&

F0
a,s

$,&-&)3N1&,#N3+%,&3"N#N1$&"G3+N,*2%&
$)&-&)3N1&)N1$+%,&3"N#N1$&"G3+N,*2%&D0

s,a =
±U
2

!"#$%&'$()*++&%,(
•  -#.($%&'$&"/.('%0##1234#,++.$%1'(.5*&602(+.$708($0('&/'*/&$.(
9%09.%6.#(0:(;<(=.%+1(#,#$.+#(2.&%(>0+.%&2'7*?(@2#$&"1/16.#(
A5*&2$*+('%16'&/(9012$#B(

•  =128(%.#*/$#(:0%(&C%&'6D.(&28(%.9*/#1D.(12$.%&'602(
•  !C%&'602(:0*28(12("0$7(#123/.$(&28($%19/.$(9&1%123(&+9/1$*8.#(
A#123/.$(:&D0%.8(12(:.%%0+&32.6'(#.'$0%B(

•  >0##1"/.(&99/1'&602($0(:.%%0+&32.6'(#*9.%'028*'$0%#(

!"

!"#$#%&'(%)*"+,-.%'/'01+%)12'341,)1+-.%5'

•  !"#$#%&')*"2'6!7'8'9:;'#""*<1,#=4*>'2.<*4'<*9*%<*%)>'*%51"*5',".55#%&'5?22*)"?'
•  03')*"25'63'/'@7'8'*A,;+%&*'9:;'"*<1,#=4*>'*A,;+%&*'.B',.44*,-$*'*A,#)+-.%5'

!"

!' C'D' (' @'(' C' @'

3'

@'

!"#$%#&'()*"+,,-./)0122(%"-$)345#6+.,)
!"

Fpp '
s = Dpp '

s +
1
2
!
F0

s (q)!0 (q)F0
s (q)

1+F0
s (q)!0 (q)

+
3
2
!
F0

a (q)!0 (q)F0
a (q)

1+F0
a (q)!0 (q)

+ (! =1,2...)

Fpp '
a = Dpp '

a +
1
2
!
F0

s (q)!0 (q)F0
s (q)

1+F0
s (q)!0 (q)

"
1
2
!
F0

a (q)!0 (q)F0
a (q)

1+F0
a (q)!0 (q)

+ (! =1,2...)

F!
s,a =

F!
!!±F!

!"

2

,7),8-.),122(%"-$)
#7),8-.)#.6,122(%"-$)

D!
s,a =

D!
!!±D!

!"

2
#$%&7)95#.%52):5$%5#6+.)%("2,);-<("/()=>(.)) 1+F0

s,a!0 (q ') = 0

!0 (q ') 7)?-.;>#";)@5.$6+.)

'()*+,-&"$."/&,01%2"
34)%4+5$,0" '()*+,-&"$."061,""

34)%4+5$,0"

!"#$%&'()*+
•  ,-"%&".."/#+.012'*+-)#'&3'&"/)%+()*0&45-)%+
-)10&"#/')6+")*+#'.30/)%+7(")1(.+8(#1("/')6+9-:0:+
#'440#/;0+0<#-1"/')6=+

•  >?&"#1"@40AB+C0%&'(36+3D3E+3D2+")*+0<#2")%0+3D2+
3&'#06606+-)1'+!"#$#%&+F+'()%*(+,-(.*()/0%,10&.6+

•  G(44+0<#2")%0+65..01&5+3&060&;0*+@5+#')61&(#/')+

•  H60*+1'+#"4#(4"10+I")*"(+-)10&"#/')+J()#/')6+")*+
6#"K0&-)%+".34-1(*06+!+3"-&-)%E+*5)".-#E+
120&.'*5)".-#+")*+1&")63'&1+3&'30&/06+

!"

L:+!"@(+")*+M:N:+!&'O)1,2%%3,45673,!"1,8,98:;<=3+
P:,:+Q"#$6')E+P:+I")*0E+C:+L.-12E+45673,>?@0"*73,"#1,A,98:BA=+
R:G:+S("*0&E+R:L:+!0*044E+")*+M:N:+!&'O)E+T256:+C0;:+!+#$E+UVW+9UXYZ=+
[:N:+!-#$0&6E+,:Q:+L#"4"3-)'1,45673,>?$3,C,DE1,BFGF,98::A=33,

!"#$%"&'(")(*+!,-'(
•  ./&/01(2(3/41561&71'(8'11(9:&1#(;<=(:51(051:013($'/&6(&$>15/7:#(7"&0"$5(

/&0165:%"&(

•  ?$>15/7:#(:&3(65:@A/7:#(>10A"3'($'13(0"('"#41(7"$@#13(&"&B#/&1:5(
/&0165:#(12$:%"&'(8(((((((((((@5"C17%"&'(/&(@:&1#(;D=(

!"

i!eix
"

0
! [F0

s,a (q)]2
#0 (qpole +!e

ix )
1+F0

s,a#0 (qpole +!e
ix )
dx

#$%&'()*+"
,-./-$'"0./&1'*2-."

! = 0

!"#$%&#'(')*+,-./#*0'&*'12,"./+"0&'3456)7'

•  80'9:";<'''=)'>'=?'.-@*'A';BC'D';BE'
•  80'98.<'=);'>'=)F'.-@*'''A'''FBG'D'FBC'

!!"

=."0H#'#$II"#@J"'*K'"2,"./+"0&-%'L"M-J/*.'/0'456)A'

NO"/H".".'"&'-%<<'!"#$%&'CF;<'PQ'3;GGF7'
R$S'"&'-%<'()*+(EE<'GTUGGT'3;GGU7'
6-2"0-'"'&-%B<'!"#$%&'CGT<'PQU'3;GGG7(


