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Why do we need New Physics?

o Several observakions in Nakure:

Darke Matter, or...

wh3 is the U»\E,ve_rse 50 keav:j;?

Inflation, or...

why is the Universe so flat?
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whj s the Universe so interesting?

+ more (to your taste)!




Why do we need New Physics?

o Bul we have “The Sktandard Model”!

No Dark Matter (primordial Black Holes?),
No Inflation (Higqgs Inflation -> non-standard 31’&\/&&3)

Two Sakharov condition NOT satisfied!

o How well do we khow the EW sector?

W precision
tesks ktold us
a Lok on W+,
W- and Z
Fhvsms ak
Fvﬁr*mitié level!

How well do we
lkiow Ehis gwj?




LHC 2020: an appraisal
o No “expected New Physics” has been found!

o The SM is valid up o £ = Tev-ish

Do we heed to give-up haturalness?
No BSM quiding principle?

L.

0.1 =10 TeV

Just s&ar&ms to F;u,ti Ehe carro&s



LHC 2020: an appraisal
o No “expected New Physics” has been found!

o The SM is valid up o £ = Tev-ish

Do we need ko gi;ve*u,p nakuraliness?

NG!
Fulbure colliders can Fmsk validakion

._ | scale of the SM to 10 TeV,
! Ehus “rule oulk” nakuralness! =

—{Uel Monte)- *Personal view.
A W | T H

o 7 New Physics may also manifest
via Light and feebly coupled states,
or heavy states with small mixings.
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Why do we need precision?

1k the way to validate Ehe SM!
Synergy between FCC-ee and FCC-hh!

o FCC-ee: precision measurements of
EW properties, € teraZ, WW and kb
thresholds!

-> EW precision tesks pusk@.d to 10 ()
probing scales up ko 10 times higher (¥ 70 TeV)

-> this also allows to probe small couplings (for
inskance, via mixing of SM states)

o FCC-hh: energy helps precision in
processes growing with energy



FCC—ee: pre&&smn machine

o Measuremeints ab the Zmpoie

Observable present FCC-ee |FCC-ee 2
- value + error Stat. Syst. ' .

my (keV) 91186700 + 2200 5 From Z line shape scan| |
R i N Ao
Ty (keV) 2495200 + 2300 From Z line shape scan | g
I i Il sl

Ry (x107) 20767 + 25 0.2-1.0 ratio of hadrons to leptons
--“-

216290 + 660 ratio of bb to hadrons
stat. extrapol. from SLD [42]

0

Ohad (x10” ) (nb) 41541 + 37 peak hadronic cross-section

luminosity measurement

N, (x 1(,)3) 2991 + 7 : Z peak cross sections
Luminosity measurement

sin?6% (x10°) 231480 + 160 3 2-5 from A% at Z peak

Beam energy calibration

1/aqep(mz)(x10%)| 128952 + 14 from A%, off peak [32]

A}I%B, 0 (x 1()4) 992 + 16 0.02 1-3 b-quark asymmetry at Z pole
i Il Ml i
A‘I;‘él” (x10%) 1498 + 49 0.15 <2 |t polarisation and charge asymmetry

CERN-ACC-R201¥-0056 (3



FCC—ee: pretiswn machine

o Measurements ot Ehresholds

myy (MeV) 80350 + 15 0.3 From WW threshold scan
L] e

(V. 2085 + 42 From WW threshold scan
---

L(myy ) (x10%) 1170 £ 420 from R}"

N, ( ><1() 2920 + 50 %mall ratio of invis. to leptomc
in radiative Z returns

My, (MeV) 172740 + 500 small From tt threshold scan
QCD errors dominate

Me 1410 £+ 190 small From tt threshold scan

QCD errors dominate

)\wp//\?})\g 1.2 +£03 small From tt threshold scan
QCD errors dominate

ttZ couplings + 30% 0.5 o — 1. o% %mall From Eq; = 365GeV run

CERN-ACC-R0O1¥-00856

mw (SM) = 80358 + 8 MeV
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—C e F'rems:,c)n machine
LHC (direct)

—— FCC-ee (Z pole)
—— FCC-ee (Direct)
-- LHC (Future)
-~ LHC (Now)
Z pole (now) + m
—— Standard Model

176 178
My, (GeV)

CERN-ACC-201¥-0057
Any deviation will be a sign of New Physics!



Impitaa&&omsz
my favourite example

Comgos&@. Higqs models

fic Higqs cietaj constant (analog to the pion dec:aj constank)

Current bounds (EWPO):

T x107% = f>8TeV UQ

ﬁ < (.04 == f> 1.2 leN

Wikth ~CC-ece E;mprcwemem&:

UQ

7 < 0.0004 = f>12 TeV

Above (my) threshold!




FCC-hh: energy machine

o efficient 'prc:vbe of energy-dependent
processes’

Prime exampie: conkact inkeractions
. Drell-Yani processes.

universal form factor (£) | contact operator (L")

see 1609,0¥187, 1712.01310, ke
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FCC-hh: energy machine

universal form factor (£) | contact operator (L)

see 1609,0%187, 1712.01310, ebc

dotted: 8TeV, 20fb ™" | solid: 100TeV, 3ab™

13TeV, 0.1ab‘11 ' dashed: 100TeV, 10ab™"
solid: 13TeV, 0.3ab™" - ‘

dashed: 13TeV, 3ab™’

LEP I-II
pp->/*-
pp->/v

> = o\ >ias Sllale
Above (mv) Ehreshold! g )



FCC-hh: energy machine

@ More on Drell-Yawnn: loop effects

Testing the running of the EW qauqge couplings

l4lo6%10

running of @, from Z*/y* DY
T 0=0(Mg 1, >Mpmin), [m1[<2.5

So=o[ay(M,y,)]—o[as(My)]

Solid: do /o (SM)
(Uncertainties: stat @ 1% syst)

Dashes: 60/0 (SM+Waq,)
Dotdash: do/0 (SM+W,;400)

3000 fb~! |

100 TeV
3000 fb~!

§ U — I U———— —

5. 10.

Indirect probe of EW interacting new particles
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FCC-hh: energy machine

@ More on Drell-Yawnn: loop effects

Complete 1-loop contribution modifies

Fhe tvariank mass diskribukion
1904-.11162

0.015
— Higgsino
0.010F| — Wino

Negative interference
prodwc:as a “di,p"
0.000 in Ehe diskribution

o --- b5-plet scalar
0.005

B
)
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FCC-hh: energy machine

@ More on Drell-Yawnn: loop effects

Significance

Complete 1-loop contribution modifies
the invariant mass distribution

g()()

__Integrated luminosity 30 ab™!
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FCC-hh: energy machine

@ More on Drell-Yawnn: loop effects

Complete 1-loop contribution modifies
the invariant mass distribution

m=1.1TeV

— NC
—  CC
—  Combined

190411162

Combining L+L-
and L nu, one
can dAiscriminake
models!

Signal injected:
Higqsine 1.1 TeV
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Cubtlooke:

“Naturalness” is still on the plate! New physics is a
must! (Light/heavy, strongly/weakly/feebly coupled)

- Higgs precision is a must - talks tomorrow.
EWPO can conskraink the SM be:jc;mcl nakuralness

. How ?rease are &haor:} ?mda@:&wv\s?

There are two possible outcomes:
If the result confirms the
hypothesis, then you've made

a measurement.

If the result is contrary to
the hypothesis, then you've

made a discovery.

More science quotes at Today in Science History todayinsci.com

1&



