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@ The AQFT approach is based on the identification of a
x-algebra &7 of physical observables.

@ For free theories this construction is well under
Contr0|.[Brunetti, Duetsch & Fredenhagen '09, F. & Rejzner '12-'14]

@ Interacting theories are treated perturbatively and o7 is
identified up to renormalization freedom. Physical
requirements give restrictions on the possible choices.|[Brunetti &
Fredenhagen '00, Holland & Wald '01-'02-'05, B., Duetsch & F. '09]

@ The Principle of the Perturbative Agreement [Hollands & Wald
'05, Zahn '13] provides an example of such a requirement:

—Og¢p+ M2 = —Og¢ + M?¢
@ The generalized PPA provides a generalization to PPA in case
of higher order polynomial interactions:

~Ogé + M2 + A6> = ~Ogé + M2 + Ag?
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@ Free theories

© Interacting theories
e The Principle of Perturbative Agreement
@ generalized Principle of Perturbative Agreement

© Thermal mass
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Functional approach

We deal with the real scalar Klein Gordon field on a globally
hyperbolic spacetime (., g).

1
Si0) =5 [ FloPo=20). P (-Dy+ Mo f € 2a),

Dynamics is ruled by a differential hyperbolic operator
= dl Af/A retarded /advanced propagators
AN D) > e(a),
Piby = DiPyL=lp gy, supp(AFAF) C JE(supp(F)),
A; = AR_ A% causal propagator

Functional approach: the x-algebra </} = @7 (.#, g) of observables
is generated by functionals on field configurations. ¢ € &(.#)
[Brunetti, Duetsch & Fredenhagen '09]
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Functional approach

Functional approach: the x-algebra &7, = < (.#, g) of observables
is generated by functionals on field configurations. ¢ € & (&)
[Brunetti, Duetsch & Fredenhagen '09]

Actually o) = Alg(F c, *1, *) where

ar
c/uc

(Fx1 G)(¢)

F*(¢)

{F : &(A) — C| F smooth, compactly supported,

WF(F"(9)) n (ViU VD) =0},

> 2 @) FO ) 2 60(0))
n>0

F(¢),

being A] € 2'(.#?) an Hadamard bidistribution.
1
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o A] is not unique: different choices of A}, Af give to
x-isomorphic algebras

w 4/2{71 -, w = Af — Af
) h"
F—aw(F) = ZF< (2")>
n>0
® .7, contains ,l.e.

Foc ={F : &(A#) — C| F smooth, compactly supported,
supp(F(M) C D,, WF(F(") L T*D,}.

o o= Alg(fireg,*l, x) is the x-algebra generated by regular
functionals (WF(F(") = 0).
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Interacting theories

Bogoliubov formula

Interacting models are typically described by local non linear
perturbations

81’\/ =81+ V, Ve L%oc.

Perturbative approach: the interacting *-algebra quflvV is
represented onto %7 via Bogoliubov formula.

Fr,G = FxuG ifFZG,
FivE = SV) T (s(V)m F), S(V)=eer <;§V>

Fa G = ()" (BLyF = #],6)
Fov = () (AL(F))
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Interacting theories

@ The time-ordered product is well defined on .2“® by an
exponential formula given by the Feynmann propagator
Af = AT +ing.

@ -1, can be extended as a map

T1: Pmloc = @Z?cn_)%a T1:T(~//7g7Ml7j)
n

Foor...omnFn = T(T{HR) @@ T H(F))

satisfying suitable axioms. [Brunetti & Fredenhagen '00, Holland &
Wald '01-'02-'05, Brunetti, Duetsch & Fredenhagen '09]
Non uniqueness is controlled by renormalization freedom.

@ On F, T1 corresponds to the assignment of local and
covariant Wick polynomials as element in 7.
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Interacting theories

@ -7, is an associative product defined on

FTiloc = ZFL" ‘T Th Fn,ka,l € Freg U Floc
n>0
h .
‘%1,V' ﬁnloc — JZ{1
° szfflvv is ill-defined even for the simplest cases of quadratic V.
= (gph -1 h h

F*LV G = (%1’\/) (%17\/F *1 %17\/G) .

o o), = Alg(Z}\, FTi0c, *1,%) C A is a well-defined

x-subalgebra.
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PPA

PPA for mass/curvature variation

(A ,g,M,j)— T(A, g, M,j) is locally covariant

(Mg, M) T =Ty = T(M, g8, M,))
P (1)
Y
(Mog' MJ) T =Ty = T( Mo, g, M, j)
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PPA

PPA for mass/curvature variation

What if we change M?

(M, g, M) T =Ty =T(M, g M,))

M,
|
|
IR
'’
|
4
Mg

(%73—7 MZ’j) \\\\\\\\\ T e T2 ( , 8 MZa.j)
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PPA

PPA for mass/curvature variation
Assume Q € .7, is such that Q(¢) = 3 [ , M?¢?.
1 .
SLa=51+Q=8=; [ (6P —2j0).
M

UQZTQ and 7, carry the same physical information.

I

oty 0= ," for a suitable choice of renormalization freedom.

P
D<o 9,0
7
/
/s
71,0 o
e Q:%LQOQ
7/
¥
Ay
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PPA

PPA for mass/curvature variation

(%7g7 Mlaj) S - =T = T(%7ga Mlaj)
:
:51,0
|
\
(%73—) M2a.j) S T > T2 — (%agu M27.j)

Principle of Perturbative Agreement (Hollands & Wald '05)

As a map (A ,g,M,j) — T(A,g,M,j), T is said to satisfies the
Principle of Perturbative Agreement if

To=pB100T1 on Foe Bro= ,@;5 o%{ﬁQ.
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PPA

Classical Mgller operator

The classical Mgller operator intertwines the dynamics of .27, and
<7, by identifying them in the past.

Fr,qQ : Ay — oy, FH1qF(¢) = F(Rl,o¢)a Pao Ry q = Pr1.

Theorem (D.,Hack, Pinamonti)
o AR=R ooAR, AS=A{oR],;
o AV =R goaMoRl
° K1.q: Ay — H1,0() C 4y is a x-isomorphism.

From now on the xp-product on ., will be the one induced by *;
via %LQ.
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PPA

Perturbative Agreement for 7,

74 h

A S
1

1, o
B1,Q=%1 o°%1 @

reg
Ay

;z{lreg = Alg(F eq, *1,Q: *1,Q) is well-defined.

° Bio: reg — o, 8 is a x-isomorphism.
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Interacting theories gPPA Thermal mass

Characterization of /3 ¢ on 9reg

Let Fr(9) = [ f§ € Freq. Consider B, o : A& — 3.

reg:
] %f,QFf = ;%LQF,C (:> ),‘

o [Ff-/ Fg]*l,o = /Bié[ﬂLQFf’ﬁl,QFg]ﬂ = ihAQ(ng).
@ The *1 qg-product on 42?1? eg is given by an exponential formula
with
Ato=A7 +A] — AL,

F F
°© Bio= Qg o where di @ = A5 — A7

© The Principle of Perturbative Agreement holds on 7 ..,
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PPA

. o
Extension on F loc

BLQ(F) = O‘dl,Q(F) for F e 7,7

dl,Q = Ag — Af is at least logarithmically divergent on Do.
Perturbative expansion:

AS = A +ing
- RLQOATR;QHA{‘OR{Q,
Riog = (+AFQW)1 =) (-aFQW)

A — AP~ AT QWA + A

It is enough to renormalize AlF.
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Interacting theories

Theorem (D.,Hack, Pinamonti)
® 810 FTi0c = Fuc Is a deformation ayg, .
e Tr = 31,9 o T1 defines a time ordered map for <7,.

@ It holds the cocycle condition
B1,q: = B2,0s © Pr,-
e Fixing Ty = T1(A#,g,M = 0,) the map
T(%ag’ M2aj) = /Bl,Q © Tl('%vgaoaj)

satisfies the Perturbative Agreement for mass/curvature
variation.

The perturbative construction is “exact”.
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generalized PPA

—Og¢p +M?¢ + \p> = —Ogop + M?¢ +A¢>

1.q
e Ay
~ 7
N a
Ve
| Ao~ o Puey
h h
1Lo+Ty(V) ! 9 qQ :%Tz(w
:
: |
: |
o, ! o
1,Q+v_ — ~ T T T~ =L v

generalized Principle of Perturbative Agreement

On ‘ngloc’ %]}?,Q+T1(V) = %1,0 (e} %g-l—z(v) (e} /817Q'
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Thermal mass

Applications: thermal mass

Theorem (Fredenhagen & Lindner '14)

Let o = oA(M*,n), V € F,., w’ a B-KMS for oty w.r.t. {a}e.
If the truncated functions of w” satisfy suitable space-like decay
behaviour, then there exists a B-KMS state ‘*’6 on @,y W.r.t.

{aY'}+ constructed out of w”.

This construction applies for the case of massive Klein Gordon field.

What about the massless case?
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Applications: thermal mass

Theorem (Fredenhagen & Lindner '14)

Let o) = ah(M*,n), V € Flocr wP a B-KMS for o#y w.r.t. {at}s.
If the truncated functions of w” satisfy suitable space-like decay
behaviour, then there exists a 3-KMS state wﬁv on @i v w.r.t.
{a)}+ constructed out of wP.

This construction applies for the case of massive Klein Gordon field.

gPPA: JZZ\/ ~ {QZJFQ,V_Q, Q= "virtual" mass.

Theorem (D.,Hack,Pinamonti)

In the above hypothesis, the pull-back of the 3-KMS state we_Q
on 5 v_q defines a f-KMS state on <,y .
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