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Introduction and Motivation

¥ Huge umber of vacua that arisedm compactibcations of
string theoly seems tdead to a complete loss of
predictablilityfor low energy physics.

¥ String theoy is then aeflectively a framevork, much like
gquantum pbeld theor

¥ Canevery consistent efctive Peld theoy be obtained as ¢
low energy limit of some string theoy compactibcation?

¥ L andscpe and theSwampland

¥ Constraintson efective Peld theoy due to coupling with
guantum graity.

¥ Given such constraintsan we male predictionsjn a
statistical sensabout infra-ed plysics?



Constraints on EFT im quantum graty

¥Bound on therank of the gauge gup.
¥ Bound on thenumber of matter pelds

¥Finiteness ofolume of the target spacef
scalar pelds.

¥ These boundslisppearif we turn off
guantum graity.
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Ensemble/Landgea of Field theories
!L
G= U,y
1=1
¥ Quiver gauge theoriewith gauge grup U(Ni) andAj bi-
fundamentals.
¥ Anomay free theories=p > _(Ai! Aj)N;= 0

jE i

¥ Asymptoticay free theories:

Ai Ni + ) (A + Aji)N;j < 3N,
j 7
¥ Purely chiral theoriesNon-chiral matter will get a mass
around the string scale and will decouplerfr low energy

physics.
Ai; =0, Aij:OorAji:Ofori!:j



Averages andypicality

¥ Given an ensemble of gauge theorws,can compute the
averagesof various guantitiesuch as theanks of gauge
groupsand the mmber ofbi-fundamental matter pelds

¥ Averages a paticularly interesting if thg also epresent the
typical valuef a quantity

¥The notion of typicality exists in situations when a
thermodynamic limitan be takn,wherein some parameter
N, controlling the size of the ensemble cantia&en to inPnity

¥ Then,a quantity will be typical if itgsrobability distribution
becomes moe and moe narowly pealedaround its

expectation value
_ 1O # 1O"?
Nll'm 1 O"2 =0




Choice of Measws
¥ We need to debne auitable measeron the ensemble of beld
theories.

¥ Dynamicscould in principle gerrise to an inteesting and
complicated measar

¥ In the context of string theoy landscpeswe ma want to tale
amore Bgesian aproach For e.g. to correctly male statistical
predictions 6r the UV Peld theoy, given our boundswe
condition our piobability distributionon the known facts about
low energy physics.

¥We then want themeasue on a bounded space of gauge
theories thatwhenrun to the infra-ied, contain the standalr
model as a sector

¥ This is vell beyond our curent cgabilitiesand we will simpy
Investigate theuniform measue on bounded spaces of geiv
gauge theorigto study notions of typicality



Micro-canonical vs canonical ensemblt

¥ Experience in statistical mechanics hasashthat directly
computing serages and variancesay bounded
conbPguration spacean be difpcult.

¥ We can use arand canonical ensemtliteconstrain the
total rank and the total omber of matter Peldsypsumming
over theories with arbitray ranks and amount of matter
while including a Boltzmann factor in the measur

exp(! ! N; ! " Aij NiNj).
i j
¥ If the rumber of beld theories givs exponentialf in the

total rank and the nmber of matter beldshe canonical
ensemble wilbreak davn.



Typicality infoy Landscges:
Theories without matter

!L
G= U(Ny)
~ =1
¥ Ni® orm an integer pdition of N: N; = N
¥ The canonical pdition function is
Z_! e!!Pkkrk!“Pkrk_ 1 1
B B | @ ! k! | k
(re) ) 1! e ) 1! ug
¥ To bx u and qwe require that
| oo ' | ! '
_ ! _ jud b _ ug
N—qﬁllogz—j_1 1 ug L—u!ulogZ— | 11 ug
. - 1
Wewilltale u~0(1) : | ~—
. N

which implies L ! N



¥ We can compute theneanandvarianceof the variables;r

._ ud | ~_ ud o
TS Twug 0 V)T WEug)2 T T#ug

¥ Thevariance to mean squaratio is

var(rj) _ 1 _ g+ 4 g g O(1)
!I’j "2 UCI]

¥So the mmber of gauge factorswith rank j isnot typical



Coarse Graining

¥ Are there ary coarse grained structesin such landsqees
that are more predictable?

¥ For e.g.consider the mmber of gauge factors whose ranl
ie betweenc N andic+!) N

o) N L 18y ) T
IR(C,1)"# gjirn= L 1Pue
N " T 1suec v

¥ The variance of this coarse-grained variable is
! (c+e) VN u e—C\/N_ﬁ | e—(C—I—E)\/N_B
Var(R(c,!)) = df Var(rj) = -

cvN (1! u e—C\/N_B)(l | U e—(C+€)\/N_B)

N) : Var(R(c!))# O( N)

Var(R(c,!))

$__
R,z oW N)




¥ Thismeans that the variance to mean sqeiratio vanishe
In the large N limit indicating that the coarse-grained
variable is typical.

¥Also, the total rumber of gauge factors is
In(1! u)
u!

¥Thus In such landspasthe total rumber of gauge factors
high¥y predicable

"
L= " O( N)

¥ All these esults bllow essentiayl because the undered
patrtitions of a large integer lwva asort of central limit
theorem - representing such pétions by aYoung diagram,
the bounday of an @propriately rescaled diagram
approaches aimit shae encoded ly the mean values of r
that we computed earlier



Cyclic Chiral Quiers

Aiiiy=C* H I\
i i1

= ! .
- GCD({ IEi (i +1) Ni}) /
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¥ We will examine an ensemble wieethe rumber of matter
Pelds comeas close as possibie some bound K.
Therefore for this setupthe number of belds & uniquey
chosenonce the gauge gup ake selected.

¥ In this casghe order in which the gauge gups @pear in
the ring of the quier is impottant.



¥ Different orderings lead to diéfrent gauge theoriegxcept
for cyclic pernutations and el3ections the symmetries of
regular poygon on a plane

¥ Additional symmetries arise if soma@ae equal and &
will treat theexchange of @ups with identical rankas
giving the same thegr

This sott of measue would arise If ve
Imagined our Peld thegrlandscpe as
arising fom D-branes on a Calabiav
In which all the cylces gvise to gauge
theories with the same couplingghich
could hapen If ve resole anAL
singularityin such a wythat two-cyles
hase equal size




The Canonical Ensemble

¥ The canonical paition function of this ensemble is giw by

Z = Z%(Zrk! 1)!9_! k= 1;[1'1'

{re} K

which can be computed to gv

e'e uq

—) =1 log(1! n q)

Z =" log(1! 75—

Then,for exampleif we put u=1the expectation value of th
total rank is

| 1
IN" = gq— logZ #
17q 92" % griogaar)
where to get a Iarge rankye needlto tune
g=0gn ! e= ! ¢
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¥ Similary, we can compute the umber of gauge gups of rank k:

) 1 k+ 1 1 1 k+ 1 ”
T H S <§> 21 log(dl) <§> N

¥ We can also compute the variance of this variable:

1 2r + 2 "1
Var(ri) ! <2> (212 log(41) | " (1+ log(4)) # ¥
This is nuch larger than the squarof the meanin other words,

the number of goup factors with a gen rank does not seem to

be typical Also, the no obvious coarse-grained typical variable
seems to exist.

¥This IS hapening because theanonical ensemble isdaking
down and is not a god goproximation to the canonical
ensemble because theaygvth of the rumber of Peld theories is
exponential.



Micro-Canonical Ensemblerfthe Cyclic Quier
¥ In this examplewe can also prceed mico-canonicait

¥ The mico-canonical pdition function br cyclic quier gauge
theories of rank N and L nodes is simghe number of such
theories.

¥ This is gien by the coefbcient off" in the expession

1 ! 2 3 L
51 qg+q- +9° +...

which is gien by 1 NI 1
a '

“ 50 N! L

¥We can sum eer L to get a patition function that is canonic:
In the rumber of nodes but mi@-canonical in the total rank

N. [N
| (1+u)N1 1
Z(u) = ut 7z, =
(u) L >N

L=1




¥ The expectation value of the totaumber of
nodes L is

u(l+ u)Nt1d

IL" = u!, log(Z(u)) = 1+ 0N # 1 N
and the variance is @ by
var(L) = 1! N Loy

(I+uwN1T 1 1+wu

so thevariance to mean squad ratio vanishem
the large N limit.



Distribution of Ranks

¥To Pnd the mean value of theimber of goups of rank kye
can inseraOchemical potential@ the rank.So the
partition function becomes

N LN i

Z(u,{yk}) = — qQ'yk lgn
L=1 k=1
Then

" ! U2(1 + y)N! k! 1
e = 1y log Z(u,{yk}) lyoyer = W

(1+ u)N # 1

With u =1, 1
" # (E)‘”lN

and
Var(ry) N 1
Iry "2 < O(l) > $ "




¥ The rumber ofgauge giups of a gien rank is
typicaland hence highlpredictable if the mean is
large

¥ The distribution ofranks is exponentiand the
low rank populations ar statisticall predictable



The General Quigr

¥To extend our anajsis to the general gquev gauge
we could try to compute a patition sum of the
form

/ = exp(! | N;! " AijNiNj)
L Ni,Aj | I
¥ Canonical sum nyanot be well debned.

¥ Sum should be oplover anomay cancelled
theories.

¥ Discrete symmetriesxist which tend to lead to
vanishing expectation values.



Asymptotical free, equal rank theories

¥These ae easy to angke as thee can be onf b\e
different typesof vertices in such quers.
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¥ Possiby it can be mpped to anexisting solvable
lattice model In statistical mechanics



Dynamics
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Conclusions

¥ String theorists hope to makpredictions br the
fundamental thegr up to the Plank scalgiven obsewations
below the TeV scalesubject to ery general constraints
such agonsistent coupling to quantum grty.

¥ The best one can do is to pdict the likelihood of possible
high energ theoriesconditionedon the knavn facts belay <Ba/esia
theTeV scalethe knowvn constraintsand our best guess
regading the measu on the space of theories.

¥ We hae used the unifrm measue on specibc edttive
peld theoy landscpes.String theoy and bPeld theor
dynamics will lead to enore complicated measar
However, because the urofm measue leads to typicality
for certain coarse-grained pperties,an alternatie
measue would hae to concentrate omnan exponentiaj
sparse parof conbguration spada order to change the
typical pedictions of the undrm measue.



