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The AQFT approach is based on the identification of a x-algebra A of
physical observables.

States are linear, positive and normalized functionals over A;

For free theories the Hadamard condition selects physically relevant
states;

In [Fredenhagen & Lindler 2014] a perturbative construction for
thermal states for interacting theories has been proposed

. Qﬂ(A* UV(t))
Qs,v(A) = W t:iﬂ‘

In this talk: adiabatic limit of €243 \/ for quadratic potential V

Op+m?p+ Ao =0.
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@ Perturbative AQFT

e Thermal states in pAQFT

© Adiabatic limit of thermal states for quadratic interaction
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Free theory (¢ + m?¢ = 0

Off-shell algebra: A(M) = Alg(Poc, *, *).

Ploc := local polynomial functionals F: C>*(M) — C.
1. FM[g] € C2(M) Vo;
2. supp(F) := U, supp(F(M[4]) is compact;
3. supp(F"[¢]) € {(x,...,x) € M"} Vo;

¢'_>1€?1007 ¢'_>/ ¢2(anx)€?1007
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Free theory (¢ + m?¢ = 0

Off-shell algebra: A(M) = Alg(Pioc, *, *).

*-product and *-involution

L F(¢) = F(@);
2 (R R2)(6) = F(O)F(6) + Ty e [F16], FVLo])

w € C(M x M) Hadamard bidistribution
1. w(f,f)>0;
2. w(f,h) —w(h,f)=iG(f,h), G causal propagator;

3. Microlocal spectrum condition: bound on WF(w);
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Free theory (¢ + m?¢ = 0

Off-shell algebra: A(M) = Alg(Pioc, *, *).

*-product and *-involution
L F*(¢) = F(9):
2 (Fux R)(6) = FL()F2(0) + Sosa rw® [Flg], FElgl].

w € C(M x M) Hadamard bidistribution

or.0)= [ ST lBB(HI5, <= (kP +m)2,

¢t +c.>0, c,—c =1, c_ e8(R3.
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Free theory (¢ + m?¢ = 0

Off-shell algebra: A(M) = Alg(Pioc, *, *).

Au(M) =~ A (M) for different w,w’;
Aon(M) := A(M)/J on-shell algebra;
O +— Aon(0O) is an Haag-Kastler net;

e a state is a positive, linear and normalized functional Q: A(M) — C.

Q,: A(M)> F s F(0) €C, Qu(Fr F) = hw(f, h). |
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Interacting theory

O¢ + m?¢ + \¢p3(x) =0.
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Interacting theory

O + m?¢ + AV [](x) =0, Vi€ Pioe,  supp( Vi) C supp(F).
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Interacting theory

06+ m2p+ AV [¢](x) =0, Vs € Pioe,  supp(Vs) C supp(f).

Time-ordered product -
1. symmetric;
2. Fi -7 Fa=Fi % Fy if J'supp(F1)] N H[supp(F2)] = 0.
e -7 well-defined on regular functionals P.cs C P1oc — extension;
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Interacting theory

06 + m26+ AW [d](x) =0, Vi€ Pioc,  supp(Vr) C supp(f).

Quantum Mgller operator

° Rﬁ’f(F) = 5()\Vf)71 * (5(>\Vf) T F) 5 5()\Vf) = expr [% Vf:| ;

A r(M) := Alg(RY +(Proc), %, %)) € A(M)[[A]];
RLAF)=F if Vi F;

R |06 + m?o + AV (gl | = 0g + mPe.

RY ¢ (F) = U,g}f2 *RL(F)xUsp if F2 Vi g
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Interacting theory

O¢ + m?¢ + AVEI)[ﬁb](X) =0, Vi€ P, supp(Vr) C supp(f).

o Axr(0) ~ Ay p(0) if f, h € 19 = algebraic adiabatic limit A, (0O);
e O+ Ay on(0O) is an Haag-Kastler net (from now on: A = A(JTY));

e a state is a positive, linear and normalized functional

Qf: ‘A)\yf — C[[)\]]

Weak adiabatic limit: lims_; Qf(A), AcAyr. J
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Thermal states

Kubo-Martin-Schwinger states
B >0, 7 €hom(R,Aut(A)). Q: A — C, (5, 7)-KMS state if

Q(A7eB)|,_;; = ABA), VA BEA.
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Thermal states

Kubo-Martin-Schwinger states
B >0, 7 €hom(R,Aut(A)). Q: A — C, (5, 7)-KMS state if

Q(A7:B) = Q(BA), VA BEeA.

|e=is

V=0: 7(F)(¢):=F(e), 0us,x) = (s —t,x).

:F
FBe _1°

ws(f,g) = /Zbi(ﬁ,e)fi FH ()% ba(Be) = -

N. Drago (Universita di Pavia) arXiv:1711.0107



Thermal states

Kubo-Martin-Schwinger states
B >0, 7 €hom(R,Aut(A)). Q: A — C, (5, 7)-KMS state if

Q(A7:B) = Q(BA), VA BEeA.

|e=is

V=0: 7(F)(¢):=F(e), 0us,x) = (s —t,x).

:F
FBe _1°

ws(f,g) = /Zbi(ﬁ,e)fi FH ()% ba(Be) = -

V #0: Tf,t[R};\,f(F)] = R§7f(TtF) .
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Thermal states

Kubo-Martin-Schwinger states
B >0, 7 €hom(R,Aut(A)). Q: A — C, (5, 7)-KMS state if

Q(A7B)|,_;; = ABA), VA BEA.

V=0: 7(F)(p):=F(ot), ¢e(s,x):=0o(s—t,x).

o dk
wp(f,g) = /Ra %:bi(ﬁ,f)fi(k)gﬂF(_k)Z’ bs(B,€):= eqc/f— 1

V#0: 77 [RYA(F)] i= Unr(t) 1572 [RY f(F)] % Unr(t).

QB [A * U)\’f(t)]
Qp[Un (1)) t:iB'

Qﬁ,)\7f(A) =

[Fredenhagen & Lindner, 2014]
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Thermal states

Kubo-Martin-Schwinger states
B >0, 7€ hom(R,Aut(A)). Q: A — C, (5,7)-KMS state if

Q(ArB)|,_., = Q(BA), VA Be€A.

t=i3

V=0 7(F)(¢):=F(pt), ¢t(s,x):=¢p(s—t,x).

onlfg)= [ LECDAE RS b8 =

V #0: Tf,t[Rii\,f(F)} = UA,f(t)_l *Tt[RI;L\,f(F)] * UA,f(t)'

Qﬂ7)\7f(A) = QB(A) -+ Z(_)" /BS QE |:A®7‘,'UZ(K)]CIU .
n =1

n>1

[Fredenhagen & Lindner, 2014] K = Rif()\\./f), Vi = Va,r.
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Thermal states

Kubo-Martin-Schwinger states
B >0, 7€ hom(R,Aut(A)). Q: A — C, (5,7)-KMS state if

Q(ArB)|,_., = Q(BA), VA Be€A.

t=i3

V=0 7(F)(¢):=F(pt), ¢t(s,x):=¢p(s—t,x).

oslf.)= [ 300, 0RMB K 5250 = il

V£0: 7une[RE A(F)] o= Unn(t) 5 7e [RY |y (F)] % Un (1)

QB,)\,Xh(A) = QB(A) + Z(_)n /35 Qg [A®7‘,'UZ(K):| dUu.
n (=1

n>1

[Fredenhagen & Lindner, 2014] K = R} Xh()\VhX), Vi := Viooy-
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Thermal states

Kubo-Martin-Schwinger states
B >0, 7€ hom(R,Aut(A)). Q: A — C, (5,7)-KMS state if

Q(ArB)|,_., = Q(BA), VA Be€A.

t=i3

V=0 7(F)(¢):=F(pt), ¢t(s,x):=¢p(s—t,x).

oslf.)= [ 300, 0RMB K 5250 = il

V#0: Tynt [Ri;\,xh(’:)] = UA,Xh(t)_l * Tt [Ri,xh(F)] * UA,Xh(t) :

n
Qs an(A) = Qs(A) + > (—) /55 Qf [A(X)T,W(K)]du
n /=1

n>1

[Fredenhagen & Lindner, 2014] K = R} hx()\th), Vi := Vioex-
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The quadratic problem

Qu) =5 [ PEIRLINE) . Ale3) = BX)A(0).
Xu(t) = x(i) . x(t)=1fort>0, x(t)=0fort<—1.

Adiabatic limit: limy 1 Qg 3\ (A) 1= lim, 100 1 4, (A) =1 Qad(A) . J

The limit exists and

wad(f, g) = /R3 > bi(B,ex)h £ (k) (—k)
x

dak
2€y

:F
bi(/B’E)\) ::m, 6)\:(|k|2+m2+A)1/2, >\>0
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Classical Mgller operator

R;i’f“(A) = (Rar, o )(A)

Classical Mgller operator

* Rye (F)(@) = (Foryg.)(e):
e Ry (F)=F if Q.>F;

° Ryf, [D¢ + m’p + Afm] =0¢ + m?¢.

Qs o Ry f, has 2-point function (T, = T," )

onulf8) = [ F(t B —K) 3 b (0, TE (0T, ()t .
+

e*let

V2e
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Classical Mgller operator

R;i’f“(A) = (Rar, o )(A)

Classical Mgller operator

* Rye (F)(@) = (Foryg.)(e):
e Ry (F)=F if Q.>F;

° Ryf, [D¢> + m’p + )\fﬂgb] =0¢ + m?¢.

v

D. & Gérard, 2017

Iimy,_>+oo QB o R/\’fu = QAd,cl with

wadel(f, 8) / Zbﬂ: B, €)h +(k )éﬁ,;(—k)d—k

2ey
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Classical Mgller operator

Ri 7. (4) = (Rag, 0,1 )(A).

* Mht Proc[[All = Proc[[A]]
* Mo = o(x),  MmelP*(x)] = #*(x) +c. J
For F(¢) = [ o(x)f(x)dn(x), G(¢)= [ ¢(x)g(x)dn(x)

Q5| Ry £ (F)=RY £ (G ®w } (Q0Ryz) [FG@T;UZ()\QM)]

(=1
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Classical Mgller operator

RY £, (A) = (Rar, 0 ar,)(A).

© e ProclAl] = Proc[ ]
o mAle()] = o(x), Mg 0P (X)] = $*(x) + c. J
For F(¢) = [o(x)f(x)dn(x), G(¢) = [ ¢(x)g(x)dn(x)

Q5 [RY £, (F)* Ry £ (G) @WUO} = (Qp0Ryz,)" [FG®T,~,,€(>\QL)]
(=1

(=1

woru(f:8) = hwyu(F,8)+) ()" /,35 (©2g0Rx£,)° |:FG®Tiu£(>\Q,u):|dU

n>1 /=1
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Classical Mgller operator

RY £, (A) = (Rar, 0 ar,)(A).

© e ProclAl] = Proc[ ]
o mAle()] = o(x), Mg 0P (X)] = $*(x) + c. J
For F(¢) = [o(x)f(x)dn(x), G(¢) = [ ¢(x)g(x)dn(x)

Q5 [RY £, (F)* Ry £ (G) @WUO} = (Qp0Ryz,)" [FG®T,~,,€(>\QL)]
(=1

(=1

woru(f:8) = hwyu(F,8)+) ()" /,35 (S250Rx £,)° [FG®T/ue(/\QM)]dU

n>1 /=1
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Graph expansion

(s 0 Rar, ) [FG ® 7ia(AQu)] ~ @ Xpio @
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Graph expansion

XH,[U]

(Q5 0 Rar,)*[FGC ®7F—1 Tiu,(AQu)] ~

IS

XNJU2

XMJUZ

o
o

IS

X/'l’7iu1
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Graph expansion

(QB (e] R)‘vf,u)c [FG ®Z:1 TiUZ(AQ,UI):I ~ ’; @— X,u,l'ul
’ |

X,U,I'UQ
|

X/.L,iU4

!
|
Xu,iu,,

)‘(,U/,I'Ug,
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Graph expansion

(QB (e] R)‘vf,u)c [FG ®Z:1 TiUZ(AQ,UI):I ~ ’; @— X,u,l'ul
’ |
X,U,I'UQ
n |
Sn= U 9n,k |9n,k’ = Cn,k X/.L,iu;;
k=1

!
|
Xu,iu,,

)‘(,U/,I'Ug,
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Graph expansion

(@30 Rag FIFE @y (V)] ~ 2= () e
X,U,I'UQ
n |
Sn= U 9n,k |9n,k’ = Cn,k X/.L,iu;;
k=1 l
Ofbr = (—€)" Y cpubl b |
k=1 Xu,iu,,
1
BA B —
ba(6.0) > b5+ e] = balBie) [ —c

\_/
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Conclusions

@ Result expected and in agreement with [Epstein & Glaser 1973,
Blanchard & Seneor 1975, Duch 2017];

o Effective resummation: Rfi,v =Ryv:omv-

@ Check for the asymptotic behaviour of the thermal two-point function.
For V ~ ¢* [Bros & Buchholz 2002]

Qg v RO % RY v o(y)]| ~ -H( )
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