
AS and matter

·

qualising gravity is cool , but the real world also

has more : matter
↑
: everything that isn't gravity

-> if your QG theory cannot embed the Standard Model
,

- you are doing math ,
not physics

- if your QG theory includes the SM but isn't

·I compatible with measured values of masses , decay rates, ..,

you are doing math ,
not physics

=> goodlest for any QG
candidate !



also : QG effects are lig recall correction to

Newtonian potential &

exp. constraints on R2+ Ch

couplings

in practice : add pieces of SM bit by bit ] the real world

goal : SM

-> three garge groups
:

Spin I
U (1)

y
-> Abelian

,
has Landau pola/

hypercharge triviality problem
gange
bosons I SU(z) 3 non-Abelian , asymptotically free

Su(3)



UCDy at one-loop order : 821

Pgy= + --- Hi
= K

scale of Landau pole &3) Mpl

↳ signals need for new physics

beyond the Planch scale
-

-> quarks : Spint -> fermious EM charge

up cherm top 2/3

down strange bottom - 1/3

-> changed under everything



-> confinement : there are no free quarts at low

energy , only bound states like

protons

-> leptons : Spin 12 -> fermious
EM chaigh

e M [ - I

Va Ver Ve O

-> not charged under strong interaction

-> Higgs Spino-scale

-> changed under weak interaction



-> important for electional symraly breaking
-> Higgs mechanism

↳ <H > ~246 GeV

m Ysm >· garge field strength "FunErr
· charged fermious "T :xe"

· Higgs "DHDH + H2+H4"

total no .of Yukawa coupling "HEY"

free parameters 1
~ 25

With <H> 0 -> gives formous

mass



-> all measured masses can be parameterised

(by choosing appropriate Yrhama couplings yp),

but there is no explanation/mechanism

-> "hierarchy problem" : < H> Mp,

this needs a very special choice of

mass parameter at the Planch scale

-> My = /25GeV Mp,
needs quarlic Higgs coupling to be

-O at Planch scale -> why ?



assuming that there are no other mather fields

low that they couple to the SM very really,
lihe darh matter

9) QG must solve the UCI) triviality problem/
Lander pole

b) QG must be compatible with measured values

of couplings and masses

2) it would be nice if &S world explain some

or all of the SM Stuchre



*tahs of ASQG with mather selection"

Eichhorn
,
Schiffer

upshot : 2212 . 07456

a) evidence that issue is solved

5) evidence that this is the case

c) . mechanism do predict yo and yo
with yoyb,

but not yet quantitatively accurate

mechanism to enforce >
,
10 at Mp

,

·

no explanation for <H> Mpl

· some hinds to explain quart mixing



somegeneities :

· gravity contributes new ters to B Galius

of SMl couplings

· this includes a form that is linear in the

respective coupling

exple : hyperchange coupling gy

Pgy
= - fgz gy+9 +...

fgz = Sg (G,
n

,
. . . ) >0



G why linear ? because everything couples to gravity

-> Eg in front of everything
->queaks vertices with gravitous

for hyperdarge , ~ Fgigy T#4
single graviton

loop !

generates diagram

- fermion differ)·note : different types of lines : Y
(conventions

mu photon L gy Sp- glron
----- scalar
= graviton ↳ double line



-> additional factors of the metric or Christoffel

Symbol /or spin connection for fermious] can also

spaceline indicesbe present , depending-

of fields and derivatives of a verley

-> gravityisind do internal symmetries
↓
eg . yough/Diract--

=> gravity depends on spoceline structure only
=> couples to stress-energy only



consequence : fg is the same for weah and strong
coupling !

G what is the effect on gy
?

1 Bag
with fgg 30

#.↑2
AS

934
=4z



AF FP : 0 = fg > O relevant

irrelevant
As FP : 0 = -2 fg <0

what does this mean ? shelch bajechoicesim pole
gg 1

88*
=-

AF#
k

Mp,



=> Landau pola problem can be solved if hyperchough

coupling is below critical value

↳ upper
bound on gy in

AS

is the expeivabl value below this bound ?

likely es !

g1
rough shetch

of phase diagram : -vomitin
Gy



Yukawa sector
------

we focus on top and bothow quarks -> It , Ye

they are the best in the SM

Af

↓

Py+=
- Jy 1++ +weason
-28 83 + & ↳ top

5 Sottom

A
due to charge
+: 23
b : - 1/3



if gy is AF
: no distinction between+&b

By+= Byy (at FP ! )

if gy is AS
: also Ychonas have As FP !

check : &=y
= f=

-Py[-5
+ - b: [ys-y]+ (y?-95] - g =0



=> yEx - y5 = 3 gy can also compute

++b to

- fix FO completely

ad this Fr
, y+ 3gb automatically ! consight with

SM pheno !

please diagrams : Sym-thic along diagonal

Yb 1 gyato ↓ 331 gyx+0
for realistic
values ofgyi
more shamed?,
It

&



some reharhs :

· computations sensitive do top mass

-> if my is to lige by 5-10seV
,
no agreement

with SM anymore

but : systematic errors unknown

· Yukawas of other generations cannot be neglected

at high sales :

-> other Yukaas scoll
,
but CRM mixing

-> CRM elements also run
, diggering some

changes
↑
at VERY high energies -11"Ger



Alkofe
,
Eichhorn

,
Held

,
Nieto

,
Percacci

,
Schrift

2003
.
08401

Eichhorn
, Gyflopoulos , Held 2507

. 18304

Higgssee for
-

· Higgs ver is relevant

-> can choose it such that

(H) = 246 GeV

↳ no dynamical explanation why this value



· quatic coupling ↓ : Yuhamas & garge couplings
↓

Bj = fjd+ 5 +...

Shaposhnibov ,
Wettrich 0912

.
0208 - before measurement of

Higgs !
if gauge couplings and Ychines are AF

and fy >0 ,
then Jx =0

this FP is IR-attinative => &G fluctuatibus

ensure
that Ja Mp, wo

LHC fact : this is needed to obtain



measured Higgs moss !

estimate by Shaposhnibor&Wethrich : 129 Se

close !

how : below Planch scale
,
J is greated by

garge and (mostly) top quark fluchalious

-> unique mapping of J(Mpy) =0

↳ precise value at EW scale

=> determines relio of Higgs mass and new

↓ (kew) =2



note: mechanism is independent of value of fy,

only sign matters

· there is evidence that f > 0 ! It

other possibility : ASFP for gy+ =>X

-> depends also on value off
-> indications that this Scenario is

incopatible with observations if there

is no new physics beyond the SM


