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Manifestly Causal QFT

@ For a quantum system evolving under the unitary time evolution
operator, Uy =T {exp <% ft’; dt’ H;nt(t’))}, with initial state, |/}, and
final state, |f),

(FlUe [i)
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Manifestly Causal QFT

@ For a quantum system evolving under the unitary time evolution
operator, Uy =T {exp <% ftz dt’ H;nt(t’))}, with initial state, |/}, and
final state, |f),

P = (i| UL |f) (] Ueli)
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Manifestly Causal QFT

@ For a quantum system evolving under the unitary time evolution
operator, Uy = T {exp <% ftz dt’ H;nt(t’))}, with initial state, |/}, and
final state, |f),

P = (i| Uf|f) {f] Ut i)
Define E = |f) (f] = P =(i|U]E Ui
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Manifestly Causal QFT

@ For a quantum system evolving under the unitary time evolution
operator, Uy = T {exp (% ftf) dt’ H;nt(t’))}, with initial state, |/}, and
final state, |f),

P = (i| Uf|f) {f] Ut i)
Define E = |f) (f] = P =(i|U]E Ui

@ By an application of the Baker-Campbell-Hausdorff lemma,

o
P=> (il[H...[Ha2[H1, E].. ]]i)
J=0 jti‘r;es
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Manifestly Causal QFT - Why is this useful?

© Retarded propagators appear in results, highlighting the causality
of interactions,

AN = 0; (0] 1[¢;, 45 |0)
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Manifestly Causal QFT - Why is this useful?

© Retarded propagators appear in results, highlighting the causality
of interactions,

AE.J.R) =0;; (0| +[¢i, 9] |0)

@ Al final states are inherently summed over, via the completeness of
states,

DI =1

This may mean that all infra-red divergences are intrinsically summed
and cancel
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Result 1 - Fermi Two-Level Atom

@ Consider a two-level source atom, S, and a two-level detector atom,
D, each coupled to a scalar field, ¢,

Hine (') = M2 () ¢(x°, t') + MP (') p(xP, t')

MANCHESTER
1824

The University of Manchester

Ross Jenkinson (University of Manchester) Manifestly Causal QFT YTF, December 2023 4/8



Result 1 - Fermi Two-Level Atom

@ Consider a two-level source atom, S, and a two-level detector atom,
D, each coupled to a scalar field, ¢,

Hini(t') = M>(¢') ¢(x°, ') + MP (') p(x°, t')
@ We want to calculate something which should be zero for space-like
separations, and insensitive to vacuum fluctuations,
Opg =Pp — Py
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Result 1 - Fermi Two-Level Atom

S
Tpg 2Z|u,,,,|2|us’g|2{
DS(R)

cos w?g tio ( sin wgnt§4 A? M) 4 cos wpnt34 ADS(R)) Az

Do (. S, aDSH S ., ADS(R)\ A DS(R)
+ Coswqgt12<SIn (JJpnt34 A14 + Coswpnt34 A14 A23

DS( )

+coswhy ti3 (sm Wintog Ag + COS Wi th ADS(R)> A S(R)

+ sin wp,,t23(coswqgt14 A3D( ) + 5'"quf14 A34 (R))ADS(R)}
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Result 2 - Particle Scattering with Three Scalar Fields

o Consider a massive scalar particle, x, decaying to any number of
scalar particles, ¢ and h,

Hins(£) = /d3x (g8 X +endh)
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Result 2 - Particle Scattering with Three Scalar Fields

o Consider a massive scalar particle, x, decaying to any number of
scalar particles, ¢ and h,

Hins(£) = /d3x (g8 X +endh)

@ This is a scalar field analogy for common particle scattering
processes (e.g. Z — qq, with gluon corrections)
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Result 2 - Particle Scattering with Three Scalar Fields

o Consider a massive scalar particle, x, decaying to any number of
scalar particles, ¢ and h,

Hins(£) = /d3x (g8 X +endh)

@ This is a scalar field analogy for common particle scattering
processes (e.g. Z — qq, with gluon corrections)

o £% =|q1,q) {(q1,q2| = Same result = Method works!

MANCHESTER
1824
The University of Manchester

Ross Jenkinson (University of Manchester) Manifestly Causal QFT YTF, December 2023 6/8



Result 2 - Particle Scattering with Three Scalar Fields

o Consider a massive scalar particle, x, decaying to any number of
scalar particles, ¢ and h,

Hins(£) = /d3x (g8 X +endh)

@ This is a scalar field analogy for common particle scattering
processes (e.g. Z — qq, with gluon corrections)

o £% =|q1,q) {(q1,q2| = Same result = Method works!
@ E? =1 = Interesting. Looks different.
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Future Results

@ Quantify the response of an accelerated Unruh-DeWitt detector in a
vacuum (Unruh effect)

@ Quantify the response of a detector on different trajectories in the
Schwarzschild metric
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Thank you!
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