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E C Tube * ↳

S-matrix & * * · Thoma physics
, partition function,

spectin , goe energy ,
carimi energy ,

thera more, ...

e. g . S() = 1 + if-- + i(+ - sj)ses+ ...
Er(r)= OCR

= + X + 1 + (Xq) + ...

0 + 0 + 000 + 0 +...

-
some sort of tracing involved :

( + 1 +( + G ....

This intuition is videed realized

More than haly a century ago Dasher
, Ma

,
Benstein [Plys .

Rev. 197149) 345-570
uncovered this beautiful formula

purely immaginary

- In leg S=

:

by det S
~

z(p) = Z
. (B)- eid

*

I
↳SIE) is the vocum s-matrix

,
the integral with Full (disconected]

Boltzan weights guente theral physics - S-matix :

↳ quation morthy red in nor rectivistic contents. (a)S(t)(p)= 1 + 2 : rep)
↳ med to arguer that long lived particle cout T(z) = V+ VG(z)T(z)

,

~/ Golzy =
as degree of freedor in the entropy corting lobviously ---)

z- Ho

↳ Why now ?



* Many new recults constraining the spoce of EFT's
, typically expressed inters of

5-matix who reface to 2 .

How con we transfe this infor to other phy- obe?

e . S. Chart condensation or

gad" P(X = &400%) theories :

speed of sound lightTi
hom I

=> P(X) corvex .

(
Proof: on X = te ocky ,

Cj
s= 11

* With the development of onshall Guinees we have accen to precise matix

element with abitary number of particles. Bad conversace of themal Q20.

New calculation schene (no ghot ,
so gage redudacie) . Alternative treatment

6red on IR sage S-matrix ?

* The method stine when the path integral forulation is not mailable :

gravity , stings, spinning particles....

2.- Formal derivation :

*
straight forwart to dd

,
I'll onit from now on

z (n , b) = Trép( + NQ)

=*ne iPi 1 A

1 f - H +it E - H - io + j
-m

= G *
- G. Recoll li Im

x

= f(x)
2 - p

Next we need to relate this Kemel to the S-matix.

Define GolE)=Eotiot
& G(E)=

E-H + io +

Two step proof :

1 - Claim : S(E) = G
*

(6*)" G G · proof for Lippman-Schwinge

C
~ (E] = G(t] Giz); al = 1- Gr

(41) = 14im) + Gv145)

S = 4
+ M



/Simple
algele

2.- in SteS = Tr[ - G* + G
*

- G + 6. 5

=> z(p) = ci)deP) in (S+170qS(E)] - in [Go(z) - (CE)]

= z. (0) -plgS) =

f= Upor taking the log we get ar extensive quantity, a single power of V

logz = f - VXP

#(p) = Fo(p) --di Tr
, logS(t)

↳ From the free-vergy themodynamic quantites follow :

F = E-TS
,

thus S = - 0
+
F = - E +q

p = -f; p
= - P) = w = p

ap P

↳ or deived quartities sud o Cr =T=

3. = Applications

*Simple things first : pe theory.

- Fo = Tr PHoja ..<...

Next use thatHo is diagonal and(K
,

-..

, Kalk, ..., (n) = 5(k- k) ... 5(k - ke) - pens.

When we identif Ki = Ki through the trace we get many Gld's up
to GION.

Here "c"enters cucially , leving terms withc single 518)
.

(no (0) for N =0



connected disconnected

8) f
For a given connected hitory there ore IN-1 ! equivalent ones , dueto cyclic pers.

All in all :

- pFo = 1 + 5(0)(dkNPE = -(0)(dklog(1-PE

50) - Yut" and thos

- 2 --
genons #gluous X # pols

gluon

aside: the textbook coluation gives

( ⑳N (= Wirl) +(-2)

ghost

* Interactions cat leading order :

F - Fo = (dt iPTr [Tr(t-H)] + O(TY)
a bitt

olgeben mm(ki)Sk .-Ti

~/ dis- (i) the under desit

I= , que energy density.



* QC0 a o(s)

We need the 2-25-matrix element :

all incoming : M (2%, 25 , 31 ,
49) = 2g <147[2152/Cabegade eccesSe

contains all dynamical info fax + + + +
.

- -
x -- d + - - +

Forward limit very simple for all of the :

li M = - 2g- ga ga6 = = 2gNc (Nc - 1)
forward

There fore

22 = 2) Nekj + 0(5)
A

=CsNcINi I
state of the

aut is g.

"
+

ormations .

To be compred w/ text book computation ,
e. g. Ch . 4 . S of Laine & Unovimen,

"Borice of Thereal FieldTh
.

"

-

&N
& -in (2 + (k- p)" + ph

=- -1)-

pr(k- p)

=-(EN)&

obscores UV finteress , garge invoviorcey Thermal V.
S

. vacum loops.



* Adding QCO matter + comments

D
x 8 x2( + 4 = C

We need two amplitudes :

bi M(2 ,3Si,4)=MLi, St
, ZrTu)=N

-

Afworks = 4) MNgdNg [M(q-u+-2-

u +) +M(g+
u+ = g-

n+)) +

+ 2/dunden M(uxa. -nu) + 4) dM(u -

u -
= va]

= < IN-1N
*

d3L
Jane/ T S

21 le:Th
Son

non

* QCO state of the aut :

=
>10]E =19 Erdr

250 Xs as

&-
--

~ "Linde Problem"

C - ↑ (di~S

I

Togli
↳ Debyer mos , electric component ,

quartes nor-intega"25" powers.



EFT for zero modes . Matching at long distance RXYT

Leaco - Gri + (A) [MAA+ (Ad)
↑ scolar adjoint

*"(x)
, megretostatic field.; 0.A = (0: + &

**

AIA:)A& m = (1 +NogT" : Xe = NgT :me

· [noco = G Cir + 01); - by - ( +Se si
lattica.

* Simpler set up,
Yarg-Mills confining flux tude :

Writte down the mortgraard 2d stor realizing (nor-linearly) the symetx

breaking pattern ISO10-1
, 171 ISOL, 1) X S010-1) . There one "O-1" goldstone

bocons or trancese excitations. For 0:3 ,
there is ar integrible realization of

Ale system .
(i. e . the Wilsor corficients of the action car be fixed to realized

the following festorized S-matix) :

Sap=(p) a- 40=

*=-

- w -

X + e%-+

# Fuldinaste
counted by

Catalan rumbens .



* Comments or theral mass :

Think of Form Foctor (FF) or perturbations of the S-matix-

# -> F(h] = Fo - JdePEThSCh]

Actio S + S + Shx 0.

- overlap with elementar excitutions .

no = Jef[S20]

& leading onder Eip) = -J, ()T(k



·mmmmmmmmof Asymptotic BetheAr


