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Quali strumenti per le misure ?

Vedi talk di Franco
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Come ho organizzato il (breve ?) talk

* Impatto misure di precisione elettrodeboli, focalizzato
alla parte ete
* assumo che fisica pp, e.g. Higgs, sia ben nota grazie a LHC

* Confronto sensitivita vari progetti nel settore
elettrodebole utilizzando un linguaggio comune (EFT)

* Confronto progetti model dependent (specifici
benchmark BSM)

QUESTA NON E’ UNA REVIEW ESAUSTIVA DEI LAVORI PRESENTATI A GRANADA



Motivation: Fertile Ground
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Misura indiretta+diretta—>
progresso nella comprensione
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Misure a collider e+e- circolare (FCC-ee/CEPC)
di rilevanza per fit globali elettrodeboli

TeraZ (5 X 10*° Z)

From data collected in a lineshape energy scan:

* Z mass (key for jump in precision for ewk fits)

e Z width (jump in sensitivity to ewk rad corr)

* R, =hadronic/leptonic width (o, (m?,), lepton
couplings)

* peak cross section (invisible width, N, )

o Agg(un) (sin?0.4, 0qep(m;?), lepton couplings)

* Tau polarization (sin’6, lepton couplings,

Olgep(mM;?))

Ros Re Arg(bb), Agg(cc) (quark couplings)

OkuWWw (10% Ww)
From data collected around and above the WW
threshold:
* W mass (key for jump in precision for ewk fits)
* W width (first precise direct meas)
* RY=T g/ Tiept (0(M?))
« I, T, [ (precise universality test )

* Triple and Quartic Gauge couplings (jump in
precision, especially for charged couplings)

Higgs — Top
Dati a 240 - 360 GeV :
* Higgs mass
* Top mass

* Higgs couplings and top couplings included in
EFT global fits

rispetto ad oggi

Tipicamente la precisione di queste misure puo essere migliorata di 1 o 2 ordini di grandezza
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Ingredienti per O(10) in precisione
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ewk fit and sensitivity to new physics
Esempio da FCC-ee
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The Higgs program at Vs=240 and

350 GeV

FCC-ee FCC-ee
240 GeV 350 GeV
Total Integrated Luminosity (ab-1) 5 1.5
Number of Higgs bosons from e*e"—>HZ 1,000,000 200,000
Number of Higgs bosons form fusion process 25,000 40,000
Unpolarized cross sections
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Higgs couplings e sensitivita’ a nuova fisica

Esempio: sensitivita’ degli

accoppiamenti del bosone | & ol LT SFEC-ge
di Higgsa Ze b quark a 2 [ : N
deviazioni dovute a Z’

Composite Higgs Models -0.05
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i _ _ (DeCurtis,Redi, Tesi THEP 1204(2012)042;
Deviations for HZZ and Hbb couplings in the 4DCHM Barducci et al. JHEP 1309(2013)047)

compared with the relative precision expected at HL-LHC, ILC, FCC-ee (Janot EPS Proc.1510.09056)
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Run a > 350 GeV per misura
massa top e top couplings

Y

ot Agr/gr(%)

A
1 1 Y \
Esempio: sensitivita’ agli “‘ ST 20%
accoppiamenti del quark
top al bosone Z in vari
scenari di nuova fisica
confrontato con le
precisioni di presenti e

futuri acceleratori y

) )

‘.‘_ 10% .

ULC

1 “ o ‘ “‘ , , >

-30% -20% -‘!OAFGC_éeIOA “‘ 20%  30%
+-10% . Ag/g (%)

1
. '
1

[Frascati Phys. Ser. 60 (2015) 28-57] o L 1-20% 1

Produzione ttZ recentemente osservata a LHC
ATLAS Collaboration, JHEP 11 (2015) 172
CMS Collaboration, JHEP 01 (2016) 096
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Granada: confronto
progetti utilizzando uno
schema basato su
lagrangiane effettive



Effective Field Theory description of New Physics

e BSM Effective Field Theories (EFT) are, by construction, a formalism for

indirect tests of new physics
What indirect searches look for

(e.g Z’ effects in dilepton spectrum)
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“deformations” in SM measurements
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well described by effective interactions
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In general, the whole set of such possible
deformations can be studied with minimal
reference to the nature of the UV theory
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e The dimension 6 SMEFT:
Lpg =Y gy xaala=Lsm+ +Ls + 5L6 + -+

Ly=),ClO; (0] =d . (%)d—4

] Effects
A Cut-off of the EFT suppressedby ¢ = v, E < A

LO new physics effects “start” at dimension 6: 59 B & L preserving operators
B.Grzadkowski, M.Iskrynski, M.Misiak, ]J.Rosiek, JHEP 1010 (2010) 085 (2499 counting ﬂavor)

SMEFT describes correlations of new physics effects in different types of

observables, e.g.
( »02 BHrV W3y Modifies neutral gauge  pwpt \
i i (dim 4) ® boson self-energies
quWB = d) anbB” W;w

\ ’UhB“VWgy h— ZZ,~vy Higgs phys.
EWSB (dim 5)

k = Use global EW/Higgs fits to estimate sensitivity to NP effects J

Under these hypotheses we’ll perform a fit to the future projections at each collider for

Single Higgs boson processes EWPO: W and Z properties
Diboson production (aTGC) (Top production)




Higgs (and EW) physics at Future Colliders
® |nputs included in the fits (from ESU documents and Refs. therein):

Higgs aTGC EWPO Top EW

Yes (Y, ozw)
(Complete with HILLLHC) Yes (aTGC v:iorn.) Yes Yes (365 GeV, Ztt)
arning

LEP/SLD (Z-pole) +

Yes (y, ozw) Yes (HE limit) HL-LHC + W (ILC)

(Complete with HL-LHC) ) Yes (500 GeV, Ztt)
Warning

Yes (p, ozH)
(Complete with HL-LHC) Yes (aTGch:r(:i:) Yes No

Yes (Full EFT LEP/SLD (Z-pole) +

Yes (u, oz+) parameterization) HL-LHC + W (CLIC) ves
Extrapolated from LEP/SLD
HL-LHC NA=LEPZ | Ll LLHC (Mw, sin?8w) -
Yes (u, BR/BR)
Used in combination =~ From FCC-ee From FCC-ee -
with FCCee/eh
LEP/SLD
Yes () NA=LEPZ | HLALHC (Mw, sin26w) -
Yes (u) From FCC-ee

Used in combination From FCC-ee _
with FCCee/hh + Zuu, Zdd




Presentation of SMEFT fit results

e Compare Future Collider sensitivity to deformations of Higgs couplings in a
basis-independent way

Project EFT fit results into (pseudo) observable quantities

ggfxz = f‘gT—*x Effective Higgs couplings
—X

Similar definition as kK modifiers, but different interpretation, e.g.

'z~
~1+20cy —0.15¢c,7, +0.41 e+
S, Z 2z zo+ ... (EW Vff, hVff)
Only these are described in k-framework piu informazione su

arXiv:1905.03764

Not enough to match EFT d.o.f : Add also aTGC

e Similarly, for EW interactions, project results into effective Zff couplings
defined from EWPO, e.qg.

M e|2__ 1,2 |2
PZ—)e+e— — 65in2oéw CZOS2 gw(lgilz + Igi'g'z)a Ae = Iz§l2+=zg:2




Global fit results
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Global fit results
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Global fit results

Fig. by M. Cepeda

Improvement with respect to HL-LHC
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Global fit results

The other “half” of the 30+ EFT parameters: EW Zff couplings
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Global fit results

Improvement with respect to HL-LHC
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Measurement of Higgs Self-Coupling

Di-Higgs processes at hadron colliders: |,
o g(HH) = 0.01x0(H) -
o Important to use differential measurements ¢ ~h

Di-Higgs processes at lepton colliders

o : 5 T
ZHH or VBF production complementary 33 ok AR <~’L—:
. . . g ¢ ::-. -----@e » vvHH 3000 GeV §
Single-Higgs production sensitive 4E~ ee > ZHH 500 GeV E
. 3'5=_ — @€ + ZHH 1400 GeV =
through loop effects, e.g. for k; = 2: i
- Hadron colliders: ~3% 2sf-
- Lepton colliders: ~1% 2f
OO - ' e ©= S
| E T e
ttH "___11 0'55_ I Lo I E
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ISensitivity to A: via single-H and di-H production

- . Higgs@FC WG |l di-H, excl. [l di-H, glob. [l single-H, excl. [ll single-H, glob.|
D [ -H Ig gs . Al future colliders combined with HL-LHC

o HL-LHC: ~50% or better? HL-LHC

10 20‘\

° Im roved b)( HE-LHC (~15%), HE-LHC -
P 500 (';27b )C(L:I"C'C15°° (;36 %) FCC-eeleh/hh . |
> Precise * ;
FCC-hh {., ¥ 3000 (~9%), FCC-ee,,, l%‘,“:
> Robust w.r.t other operators Fcolfg%s i
Single-Higgs: (Ko TP
> Global analysis: FCC-ee365 and ILC e —
ILC500 sensitive to ~35% when i
combined with HL-LHC CEPC .
o ~21% if FCC-ee has 4 detectors CLIC ;
o Exclusive analysis: too sensitive CLIC
to other new physics to draw CLIC, 7 —" < | |
conclusion 300 ——
O 10 20 30 40 50

May 2019 68% CL bounds on «4 [%]



Confronto progetti model
dependent (specifici
benchmark BSM)



0P0Ca a ¢ (taken from
O Symmetry

@@@@gggp agazine
HK@GQ .

e Two ways to “naturalize” a light Higgs at the TeV scale:
I. Internal symmetries (SUSY: fermions <> bosons)
ii. Global symmetries (Little Higgs models, holographic Higgs,...):
e Higgs gets “composite” due to fundamental interactions that manifest at
higher scale (similar to QCD —pion)

e This can be described in a general framework (Strong Interacting Light
Higgs: SILH)



Hadron collider prospects :

Tt 113° 3’ - 0 lepton final state

fs=14TeV, 3 ab"
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Compressed scenarios, small AM = Mgo, - Migp -
JHEP 09 (2018) 050
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ATLAS
f5=13Tev, 361 10"

- P 0
T, Cf | &, Cof,

0 Lt s 0L Good potential from analyses:
o (1) monojet (AM ~ 2 - 10 GeV) ——
W - S (2) soft leptons

PR BT | aal ey | B
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ATLAS moncjet 13 TeV, 36.1 b '
B ATLAS stcpischarm 8. TeV, 203 &'

FETE FETY FET PEvs | PPN PP SV P rer e

600 700

SUSY Experimental prospects, Monica D'Onofrio

G
CERN-ACC-2018-0056 pdf TGV

Projections with ColliderReachTool:
HL-LHC = 0.95 TeV;

[confirmed by theorists’ studies]
HE-LHC - 2 TeV;
FCC-hh > 5 TeV

- Might be conservative: e.g. recoil-jet pt
thresholds can be adjusted

14/5/19




Gian Giudice
Paris Sphicas

SUSY: EWK sector
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A Composite Higgs?

Andrea Wulzer

The Composite Higgs Picture: @Il H

Composite Sector
m,——=—=—== Resonances (p)

Elementary Sector

SM gauge fields: W', B,
<+— | Coupled by gauging.
Higgs (ight pNGB) g = 8w

SM fermions: {t.,b.}, tg, ..
Coup. by partial comp.

Typical CS Mass: my = 1/l
[interesting t/b-related phenomenology
not discussed here, striking at CLIC!]

Typical CS Coupling: g, € [1,4rx]

p or Higgs

Ng* —_— e Y

p or Higgs p or Higgs
17




A Composite Higgs?

Results: HL-LHC [notice the improvement w.r.t. current knowledge]

Composite Higgs, 20, HL-LHC Prelminary, Granada 2019
1 0 r L i : n - i I i i [ i - European E;rateg?
[Current (LEP). Approximate] Higgs couplings |
L° 4 | \
I
i [From mw, SWJ _
6 0 _| Direct ¢y g
* —_— 9 _ *
<) 0 Co = =3
4} CW CW _ 1
i A2 m2
dibosons | 1w |
2 : dileptons Cow _
[ : A2 gZm?
P a a a | e ——
2 4 6 8 10
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A Composite Higgs?

Results: HE-LHC vs FCC-ee
Composite Higgs, 20, FCCee VS HE-LHC ey, cransia 2016
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A Composite Higgs?

Results: FCC-hh vs CLIC

10

Composite Higgs, 20, CLIC vs FCC

DC¢
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Higgs compositeness scale, 20 reach
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Conclusioni (personali)

e La conoscenza del settore elettrodebole puo’
essere migliorata di almeno un ordine di grandezza
rispetto ad oggi, entrando nella scala 10 - 100 TeV

* || successo dello SM richiede esplorazione a largo
spettro
 Higgs factory = Electroweak factory

 |'alternanza di macchine leptoniche adroniche non
e ripetizione: e necessita

* Prima o poi i fasci di elettroni lasceranno il passo a
fasci di mu o nuove tecniche di accelerazione nei
test di precisione dello SM
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HL-LHC Higgs measurement projections

s =14 TeV, 3000 fb™ per experiment

| Total
— Statistical
—— EXxperimental

—— Theory
%
4%

i

Tl

ATLAS and CMS
HL-LHC Projection

Uncertainty [%]
Tot Stat Exp Th
18 08 10 13

1.7 08 07 13
15 07 06 12
25 09 08 21
34 09 1.1 31
3.7 13 13 32
19 09 08 15

43 38 10 17

198 72 17 64

...........

0 002 004 006

0.1

Expected uncertainty

Some remarks:

o Combination benefits from extensive analysis
experience of ATLAS and CMS since 2012 Higgs
discovery

> Precision dominated by theoretical uncertainties
for most decay modes

o Scaled by factor 2 compared to present uncertainties

o Measurement of absolute couplings model-
dependent

o Measure also ratios to reduce model-dependence

P Azzi
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Higgs@F C WG Kappa-2, May 2019
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Standalone colliders

M. Cepeda (CIEMAT)

16 Open Symposium on the Update of European Strategy for Particle Physics




Kw (%)

free Ky

0.0 04 08 1.2 1.6 2.0

Ke (%)

(=
—
o
(5]
F =N

Brjy, (< %, 95% C.L.)
b.o2

0.0 06 1.2 1.8 24 3.0

Kz (%)

free &y

>

0.0 04 08 1.2 1.6 2.0

Ky (%)

0.0 1.5 3.0 45 6.0 7.5

Bryy (< %, 95% C.L.)

Kappa-3: +HL-LHC

Ke (%) Kz (%) Kp (%)
- . .
| — B —
| o 0
s [} m |
I — —
 — —
0 1 2 3 4 0 | 2 3 4 0 1 2 3 4
K (%) Ku (%) Kzy (%)
m | Il
[ [
1 . —
— [ |l .
O J—
— | .
00 1.5 3.0 45 6.0 7.5 0 4 8 12 16 0 4 8 12 16

modified version (x-scale) of the plot in the report for illustration purposes

Kappa-3, May 2019

FCC-ee+FCC-eh+FCC-hh 1 CLIGsg0
FCC-ee365+FCC-eeaqp [LCsp0+1LC350+ILCasp
ILCas0

CEPC
CLIC3000+CLIC500+CLIC3g¢

CLIC;500+CLIC3gp
All future colliders combined with HL-LHC

BN LHeC (jxyv|<1)
mmm HE-LHC ((xy| << 1)
HL-LHC (|xv| < 1)

[
[
[ FCC-eeaqq
1
e

M. Cepeda (CIEMAT)

17 Open Symposium on the Update of European Strategy for Particle Physics




Global fit results

Sensitivity t viations in Hff (3rd fam lings

M HL-LHC ~ W HL+LHeC M HL+HELHC [ HL+ILCos HL+CLIC.50 M HL+CEPC
Higgs@IC WG B HL+ILCsqo HL+CLICs00
- SMEFTND fit . HL+CLIC3000

1k

69;/9i[%]
69;lgil%]

eff
GHrr

~
- ete- coll: Tau and Bottom Yukawa (0.5% - 1%)
-Top Yukawa not directly accessible to low-E
lepton colliders.
-Accessible above 500 GeV (ILC, CLIC).
Precision similar to HL-LHC.

-1% precision possible at FCC-hh
WARNING: In all cases, ttH requires knowledge
of, at least, other Top interactions

L Model-Independent Top: Advantage for CLIC )

W
(=)

NN
o O

-
-
(3]

649;/gi[%]
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Measuring Naturalness

unavotidable and global perspective
on energy frontier exploration

Hierarchy
Paradox
In any model with calculable my;

9 2
my, = ZAmI
7

A
Am}zl |ma.:1:

fine tuning €

offers a measure of where Nature stands in the negotiation
between Simplicity and Naturalness

Measures of fine tuning

> Direct searches: depends on top partner
constraints in model (e.g. SUSY varieties,
composite H, twin H)

o LHC now: e S 1072 -1

> FCC-hh: ¢ < 107* — 1072 (if nothing)
- Higgs observables: e ~8g/g
- Electroweak precision: € ~ 102x4S/S

¥

Higgs and EWK precision observables can
test naturalness beyond direct searches

R. Rattazzi




