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Introduction

e FCC-CDR: First study of the FCC capabilities to constraint the EW/Higgs
sector in a global manner, taking advantage of the complementarities
between the different FCC collider options (ee/eh/hh)

® |n this presentation:

e Summary of the status of the Global EW/Higgs studies in the CDR with
emphasis in the contribution from FCC-ee

® A few aspects of current studies that could be improved? Limitations?

® A couple of topics that did not make it to CDR but could be added

® Disclaimer: No new results in this talk. Only discussion of issues and WiP.

® Physics perspective in this talk presented from the point of view of the
formalism of Effective Field Theories (EFT)

FCC-ee Physics Meeting Jorge de Blas

March 25, 2019 INFN - University of Padova



The dimension 6 SMEFT

e The dimension 6 SMEFT: Assumes new physics is heavy + decoupling

Particles and symmetries of the low-energy theory: SM
Power counting: EFT expansion in canonical dim. of operators

> (
Effects A
suppressedby q = v, E < A

Lag=)_, C’g O; O;] =d
A: Cut-off of the EFT

q)d—4

LO new physics effects “start” at dimension 6: 59 operators

W. Buchmiiiller, D. Wyler, Nucl. Phys. B268 (1986) 621 I
C. Arzt, M.B. Einhorn, ]J. Wudka, Nucl. Phys. B433 (1995) 41 (2499 Countlng ﬂavor)

B.Grzadkowski, M.Iskrynski, M.Misiak, J.Rosiek, JHEP 1010 (2010) 085 1st complete basis, aka Warsaw basis

SMEFT describes correlations of new physics effects in different

tvpes of observables, e.q. .
yp , €.9 UQB“VWEV Modifies neutral gauge £y pT/Diboson

: boson self-energies
VA7 G dim 4
Opwn = quJagbB“ we, <: (dim 4)
EWSB vhB “’/ij h— 22,y Higgs phys.
(dim 5)

= Use global EW/Higgs fits to estimate sensitivity to NP effects
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The dimension 6 SMEFT

e Assumptions in Higgs/Diboson/EWPO EFT studies:
CP-even, 4-fermion/dipole better tested in other processes
List of operators and their effects (e.g. in Warsaw basis)

o (¢:¢) D§¢qu) Oy = (¢'¢) O (¢'0)

§ Opc = (¢79) G4, G+ &Q Oy = (86) (l_¢e )

O = (010) Wiwer | T Oeo rfen
L On=(6'0)BuB" | 2| Ous=(¢'¢) (@dunr)

Oywi = (Pplo.d) Wi, B Oup = (¢10) (qrodr)
Oyp = |¢'iD,¢|’ N —

Not directly testable with

Also enter in EWPO & '} prod. ] EWPO

'ng = €are W WEPW
Ou = (Iyul) (Iy*1)

0P = (quz'B“gb)(Z Faul) ( Enters only in V'V prod )
ol 7 ) Y a .
Od)D — ’quZDuqb}
Opwp = (¢Toadp) W3, B*
D ——

Strongly constrained by EWPO Modify SM inputs:
(induce modified Vff couplings) Enter in all EW processes

O = (#'iD,) (F1f)

OF) = (¢'iDge) (Fr"ouf)

Indirect

h—Vff
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EFT fits to precision EW measurements
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Global Fits to EW precision measurements

e EWPO: very precise measurements of W and Z boson properties

Current knowledge dates back to the LEP era... The SM EW fit
3 2 1 0 1 2 3
...but also receives inputs from Tevatron/LHC 2s (V)
Aahsad (M3)
Crucial in the confirmation of the validity of the SM .
descriptions of EW interactions... My
I'w
. . g . Mz
...In guiding Higgs and Top searches... o
... and setting strong constraints on new physics r
ifyi At
modifying the EW sector, e.g. oy
ST fit A, (SLD)
= 0 — Ac
L all
0.5_ — Ay
- .asymmetries A(I)a’)c_:;
- A%
of R
R
sin® aﬁﬂ(Q}ﬁaﬁi)
sin? 6%z (TeV /LHC)

-0.02 0 0.02 0.04 0.06
: b
S 0 9

® The core of the EWPO program at FCC comes from FCC-ee...
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SM input

Fit inputs: Theory and Experiment

Electroweak Precision measurements at FCC-ee: CDR summary

FCC-ée stat.

Observable present value * error FCC-ee syst. Comment and dominant exp. error
my (keV) 9118670012200 5 100 Z line shape scan; beam energy calibration
Iz (keV) 2495200£2300 8 100 Z line shape scan; beam energy calibration
RlZ (X103) 20767£25 0.06 0.2-1.0 ratio hadrons / leptons, lepton acceptance
a (my) (X109) 1196£30 0.1 0.4-1.6 from R¥ above
Ry, (X109) 216290%660 0.3 <60 ratio bb/hadrons, stat. extrapol. from SLD
op,q (X10%) (nb) 41541£37 0.1 4 peak hadronic cross section, luminosity meas.
N, (X103) 2991%7 0.005 1 Z peak cross sections, luminosity measurement
sin?0% (x109) 2314801160 3 2-5 from A%y at Z peak, beam energy calibration
1/aqep(mz) (X103) 128952414 4 Small from A%E off peak
Ag'g (X104 992116 0.02 1-3 b-quark asymmetry at Z pole, from jet charge
AE;I’T (X104 1498+49 0.15 <2 T polarisation, charge asymmetry, T decay physics
my (MeV) 80350+15 0.6 0.3 WW threshold scan; beam energy calibration
['w MeV) 2085142 1.5 0.3 WW threshold scan; beam energy calibration
g (my) (X104 1170%420 3 Small from R}V
N, (X103) 2920150 0.8 Small ratio invisible to leptonic in radiative Z returns
Mop MeV) 172740£500 20 Small tt threshold scan; QCD errors dominate
[N'op MeV) 1410£190 40 Small tt threshold scan; QCD errors dominate
Atop/ AE’% 1.240.3 0.08 Small tt threshold scan; QCD etrors dominate
ttZ couplings +30% 0.5-1.5% Small from Ecpy = 365 GeV run
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Fit inputs: Theory and Experiment

Electroweak Precision measurements at FCC-ee

Observable Expected uncertainty (Relative uncertainty)

Mz [GeV] 10—+ (1079)

©
I'z [GeV] 104 (4 x 1077) g
1O o 4 [nb] 5x1073 (10—%) @
g R. 0.006 (3 x 107%) £
S R, 0.001 (5 x 10™4) N
g R, 0.002 (10~%)
s Ry, 0.00006 (3 x 10™%)
o R, 0.00026 (15 x 10™%)
o
O
(&) Observable Expected uncertainty (Relative uncertainty)
LL
5 A, 10~ ) (7 X 1%—4) g
= - A, 1.5 x 10~ (10~3) =
"_g, é A, 3 X 10—44 (2 x 10—34) E
o £ ib 30 X 10_4 (32 % 10_3) s
= % c 80 x 10 (12 x 107°) <
£ g sin? 0. (P;) 6.6 x 106 (3 x 107%)
e i= 102 Eﬂ. [ v 10=56 (25 10=3)
LL e _S'I'H_Q'EH—GA&«J:;/ 910 (20—
@)
< o
Observable Expected uncertainty (Relative uncertainty) 3
Q
My [GeV] 6.5 x 1074 (8 x 1079) e
I'w [GeV] 1.59 x 1073 (8 x 10™%) =
N, & Riny 0.002 (3 x 10™4) §
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Fit inputs: Theory and Experiment

Diboson (WW) precision measurements at FCC-ee

Decay mode relative precision | B(W — ev) | B(W — uv) | B(W — 7v) | B(IW — ¢q)
LEP2 1.5% 1.4% 1.8% 0.4%
FCC-ee 3-10~* 31074 4.10~4 1-10~4

Relevant to constrain CC couplings + NC for each neutrino flavour

Theory uncertainties (missing H.O. corrections): EWPO

FCC-ee-Z EWPO error estimations

0Tz [MeV] | 6R; [1074] | 6R, [107°] | dsin® 0 [107]
FCC-ee 0.1 10 2=+0 0
TH1-new 0.4 60 10 45
TH2 0.15 15 5 15
TH3 < 0.07 <7 <3 <7

Standard Model Theory for the FCC-ee: The Tera-Z, arXiv:1809.01830 [hep-ph]

 TH1: Current intrinsic uncertainty

e TH2: Extrapolation assuming EVV 3-loop corrections are known
* TH3: Same as TH2 assuming dominant 4-loop corrections are known

Modeled via nuisance parameters modifying the SM predictions
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http://inspirehep.net/record/1692960
http://arxiv.org/abs/arXiv:1809.01830

The Global EW fit at FCC-ee

e Global fit to electroweak precision measurements at FCC-ee
Impact of theory uncertainties

80 80 - . . .
- EW Tit (Today) ] Effects clearly visible in fits 1 operator
— FCC- ] .
0 S R — FCC—EE (No intr. unc)[—70 at a time...
— I FCC-ee (No par.unc)| — _ _ _
] S - e T e | deo ...or along the physical directions
S F = probed by the EWPO
Ii) O oo JHl oo B —50
= ] Effect in the global fit better seen in
o N RR g R R R R ] -gn . .
—= F 4% terms of modifications of Zff couplings
s . E .
= 30— TR R R R —30
< ] !
PO il 11 | R DT | N [ T NS | T NN || | ESRNE NERE || | EEEREEE HE—20
- = 0.001
10— 11 | O | O] | O LT | O] | O] | - 10 " || FCC-ee(no_Th_unc)
- | I : - | IFCCee
oC | | Jo -
O ou 0%® oUW O 0%® oW O O 0.0005 —
W D 1 Ly pe bq bq Pu bd a -
a2, | ST
. . v FoTT N
Eff. couplings in the SMEFT 2 LL g @ s
i ot i
e — <) B L
Lne=—2%(140Ygne) Z,Y, 157”[(9%,12 + 6Dg;;b,R> Prr+0%nc |y = S -
e 1 (1) 3)\ v2 1) ¢2 —-0.0005 —
0791 =—3 <C¢l +Co ) a0 07gg Z—%Cfbe)ﬁ -
C 2 i
Ugno = —1 [Ac, + 52| % BB Zee
sc s2c2 C v2 _ A TR T T T TN T T T S N NN SO AN SO T T
8%gne = —Q (c2—s2 Cown + s [AGF T %D Az 00001 00006 0 _ 00005 0.001

5g¢ /g™
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The Global EW fit at FCC-ee/eh

0.004 D FCC 68%, 95% prob 0.004 | I FCC ~s‘,\\‘68%,\95°A) prob 0.004 _ [JFcc. . 68%, 95,% prob
.. - {__iCurrent i %__iCurrent ‘ ' i CLJrrent ;
A = 0.002 S 0002 s 0002}
F UK i ?:Qj E. a : :".
L S SN s P
L B e = o ® < o o §
L =N i t r
= - S [ S i B
@ QE, ~0002r ~0.002 - 0002
o @ 0004 {iEg,] FCC-ee  zeo ~0.004|- " FCC-ee == FCC-ee
I fit : m - Zuw -0.004 H 1.
qt 8 _"""""""' -.I.“‘\..I\i‘..l..M.MI 2 _.‘"‘-»...|..-l..‘".'”|.?.|.
n © ~0.004 -0.002 = 0 = 0.002 0.004 -0.004 -0.002 0 0.002 0.004 ~0.004 -0.002 0 0002 0.004
5} e/ e,SM Sa* »SM T /. T,SM
gb 3 g1/ 9L 9r/91 097/9r
% © - [lFce 68%, 95% prob I [Erce 68%, 95% prob - [l Fcc 68%, 95% prob
0.1+ 0.1 iCurrent 0.1+
s ¢ v eI
(@) O I I A i
o I I ._ I
2 : . L
O < seor % - 2P
= > ol S ok “Sof
| - > UQ: »Cd
€ 3 RS S > T
" — o | w | vt w |
0 S I I . I
5 I Bt FCC-eh o1 FCC-ee o1 FCC
= jhcel 2uu [ zco gicel °
m : P S K SO SN ST SR NN ST SO T SR NN S P S T S T K S T S SR N S P S (R T T TR T (N S N SR SR N
2 O 0.1 0 O 0.1 0 oy O -0.1 0 . O
o — U, C, t )
q>J = g1 /9r. dg97/9% 49;/9z
-c 0.4 0.4 0.4
dh) - [l Fce 68%, 95% prob - [lFce 68%, 95% prob - Elrce 68%, 95% prob
2 Yo i | i __iCurrent -
> o 02+ 0.2+ 0.2~ ‘: Y
2= _ i I I AP
u — | E - E B
[42]
2 "sgi i Y. | % e |
- ~ 0 E O (D
2 5 & '
w
Q
(7p)
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The Global EW fit at FCC-ee/eh

e Global fit to electroweak precision measurements at FCC-ee/eh
Current vs FCC-ee/eh

®m FCCeeleh ® Current

100, - |1 it

10

oglgl %]

0.100} -

0.010}

0.001
9" g% 9" of 98 9 9f 9’ 9% 9’ 98 9 95 of ot gf gf O 9% gb o

1-0 sensitivity to deviations in NC couplings from SMEFT fit: No flavour universality assumed

Independent info about all 3 SM fermion families
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Beyond the CDR studies

A few questions

Parametric uncertainties:
Ols aQED/Aaflz)d M, my Total FCCee
My [MeV] 4014 HOSSEN002 +01 +03 |EOGHESOOSINEENG
6Tz [MeV]  +0.099 +0.03/+0.05 =+0.01 4+0.01|+0.1 /+0.11 | =+0.1
0A,[x1075% +0.54 ESESEN 1056 +1.2
SR°[x107%] 4+0.22 40.04/+0.07 +0.003 +0.17 | £0.28/+0.29 | =+6

Even if theory calculation improve such that higher order contributions
are negligible wrt FCC-ee precision, parametric uncertainties will remain

A

SM input

Observable present value T error FCC-éé stat. | FCC-ee syst.

my, (keV) 911867002200 5 100

' (keV) 2495200+2300 8 100

RZ (x103) 20767+25 0.06 0.2-1.0

ag (my) (X104 1196430 0.1 0.4-1.6

R, (X106) 216290£660 0.3 <60

o, q (X103 (nb) 41541437 0.1 4

N, (x103) 299147 0.005 1

sin?@gf (x106) 231480+160 3 2-5

AP (<104 992+16 0.02 1-3 i

FCC-ee Physics Meeting

aqep Still limiting factor but

Statistically limited

How low can we go?
(More time running off-pole, 41P?)
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Beyond the CDR studies

A few questions

e Determination of Z couplings to light quarks relies on FCC-eh

© T T T

> i :]LHeC
0.4~ 8 FCC-ep

- [ H1 (H1-prelim-16-041

[ [Z&7) H1 & ZEUS data (PR D93 (2016) 092002)

0.2 ---- LEP & SLD (Phys.Rept. 427 (2006) 257). 0.4

< DO (PR D84 (2011) 012007), Ay? = 4.72

o St [ ] ] B MR T [J s i | >30'61111[]]IIII

lllll

0.5

|

1

| % Standard model i 0.3
o+ ]
i 0.2
e . 0.1 —JLHeC
i [ ] FCC-ep
-0.4 O @ H1 (H1-prelim-16-041

7&7) H1 & ZEUS data (PR D93 (2016) 092002)

lllll

IIIIIIIIIIII'IllllllIIIIIIIIIIII]IIIIIIIII
llllllllllllllllllllllllllllllllllllllllll

7 —0.1& ---- LEP & SLD (Phys.Rept. 427 (2006) 257).
-0.6- S5 DO (PR D84 (2011) 012007), Ay? = 4.72
- 68%| C.L. | | | | =0.2 * Standard model
_0.6 _0-4 _0-2 0 0.2 1 O-I2 1 1 1 0.|4 1 1 1 0.|6 1
ad a,

Observable Uncertainty (Relative uncertainty) Precise determination (~1%) but not

gy 0.0022 (1.1%) model-independent
ggl Rl (0.6%) Sensitive to 4-Fermion " Ya
3’}2 g:ggig ((01.;)47(7@;3) contact interactions (Cl)

h ¥

® 4-Fermion effects suppressed at the Z-pole

What is the FCC-ee Z-pole run potential to measure light quark interactions?
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Beyond the CDR studies

A few questions

e Determination of Z couplings to light quarks relies on FCC-eh

5=} T ] T T T I T
> =) LHeC
0.4~ 8 FCC-ep
7] H1 (H1-prelim-16-041
L1 Ll 2 a DD QO

T I T T T I T T T I

Old LEP studies of light flavours (u,d,s) studies relied either on
SM assumptions (DELPHI) or partial flavour universality constraints (OPAL)

— 11— 2Has — 0.258 +0.031 + 0.032
Ry+ R, + R, ' '
0.072 £ 0.035 & 0.011 — 0.0119(A%S — 0.0722)/0.0722

0.044 + 0.067 £ 0.018 — 0.0334(A%S — 0.0722)/0.0722 .

2019->FCC-ee time : Can these assumptions be removed?

FCC-ee checks on light flavour couplings could strengthen the
model-independence of FCC-eh results and robustness of Global FCC EW fit

What is the FCC-ee Z-pole run potential to measure light quark interactions?
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Beyond the CDR studies

Difermion production (e*e-—ff) above the Z pole
e CDR EWPO studies focus mostly on ff production around the Z pole

e Complementarity: Data off the pole sensitive to physics suppressed at
the Z-pole because of the resonance, e.g. extra vector bosons (Z2’)

(25 Yy :CIDT :(IDT
v We Byl ve L WLB,
AVAVAVAN AVAVAVAV AVAVAVAV.
; |
U1 U3 ¢ ¢

(e

Z’ exchange = 4 Fermion CI
Better away from Z-pole  ¥————Z-Z’ mixing effects

(and better at high E) 7,

. ] ] -0.004 -0.002 0 0.002 0.004
Modified Z interactions sin 7,

(c) = Z-pole
e What is the sensitivity of FCC-ee data to Cl at WW, ZH, tt threshold?

e HL-LHC will probably outperform FCC-ee for (some) Lepton-Quark ClI
But testing 4-Lepton interactions is for Lepton colliders
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Beyond the CDR studies

Four-fermion interactions at 77 threshold

e As in the light quark case, the extraction of the EW Top couplings is
also not completely model-independent:

FttX
L

= e {w (Fy + s F) + 522 (pe + pr)” (iFs5y, + ’75F2)54)}

Uncertainty

—
Q

102

10°E

B LHe

Precision on F {Yv

Only three Ff‘(/,A 1.21073|2.

P. Janot, JHEP 1504 (2015) 182

FCC-ee Physics Meeting

2mt

BSM: generated at 1 Loop

(Functions of ¢?)

Using only one energy one
cannot disentangle contributions
to Zit from those to ete-¢ ¢ Cl

FCC-ee runs at 2 energies very close to each other:
350 GeV (0.2/ab) and 365 GeV (1.5/ab)
= limitation for model-independent extraction?
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EFT fits to precision Higgs measurements at FCC
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Global Fits to Higgs observables

e Measuring the Higgs couplings is an integral part of the physics
program of the LHC/HL-LHC:

Expected precision ~few/several percent (k framework)

3000 fb™ (s = 14 TeV, 3000 o™ per experiment
ATLAS and cMS [l stat. + Exp. | Total ATLAS and CMS
HL-LHC Projection + Theory Statistical HL-LHC Projection
—— Experimental
—— Theory Uncertainty [%]
.ATLAS .CMS Tot Stat Exp Th
Ky K, = 1.8 08 1.0 1.3
Kw Kw = 1.7 08 07 1.3
K7 K, = 15 07 06 1.2
Kg Kg = 25 09 08 21
K¢ L —— 3.4 09 1.1 3.1
Kp LS —— 37 13 13 32
Ky K = 1.9 09 08 15
KM sy ‘ 43 38 10 17
KZ’Y KZ’Y — ‘9.8 72 17 64
0 0.02 0.04 0.06 O.Q8 0.1 0._12 0 0.02 0.04 0.06 0.08 0.1 012 0.14
Expected relative uncertainty Expected uncertainty

but not model-independent (either ratios or need extra
assumptions: e.g. No exotic decays)

e FCC can push the precision below 1% plus more model-independent
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Fit inputs: Theory and Experiment

Higgs Precision measurements at FCC-ee

(See. P. Janot’s talk)

\/g (GeV) 240 365 Absolute measurement of HZZ couplings (ozH)
Luminosity (ab™ 1) 5 1.5 S 253?.19?_...,,....,....,....,,...,....,.,..,..,.,...._
d(cBR)/0BR (%) HZ wWH HZ WwWH S L L ZH 5 ab™ ]
H— any i0.5\ +0.9 g 20 :ZZ -
H — bb +0.3  +3.1 5\ £0.9 N
H — cc +9.2 +6.5 +10 N B
H— gg +1.9 +3.5 4.5 -
H— WW™~ +1.2 +2.6 +3.0
H— 77 +4.4 +12  +10 -
H — 1T :|:09 :|:18 :|:8 _ g B H SRR TS BTk g
H — vy 190 118  +99 50 60 70 80 90 100 110120 130 140 150

B ' Mieeoi (GEV)
H—p +19 +40 rece!
H — invis <023 <06 Allows to normalize H couplings (no ratios)

K-framework: model-independent
determination of Higgs width
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Fit inputs: Theory and Experiment

Theory uncertainties: Higgs observables

Decay Intrinsic | Param. m, Param. a, Para. Mg
E H — bb ~ 0.2% 0.6% < 0.1% —
- H — cc ~ 0.2% ~ 1% < 0.1% -
- H— 7tr < 0.1% - — -
S H—ptp | <0.1% - - -
9 H — gg ~ 1% 0.5% -
L H — ~~ < 1% - - -
= H — Z~ ~ 1% = —
© H—->WW | <0.4% —~ —~ ~ 0.1%
o H —~ ZZ < 0.3%"7 — — ~ 0.1%
E Tiot ~03% | ~04%  <01% < 0.1%
- " From etTe~ — HZ production

Projections from Heinemeyer et al.

We studied the impact of these uncertainties on the FCC-ee
projections in Volume 2
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Higgs fits at FCC-ee

e Fit to Higgs precision measurements at FCC-ee

Impact of theory uncertainties

40 40
u LHC Run 2 _
u e FCC-ee _
BB [ e FCC-ee (No intr. unc)|™= 35
u B FCC-ee (No par.unc)|
30: ................................................................................................ B FCC-ee (No th.unc) | :30
>k -
oy T [ | OO RO P URTRRPPUPRPRRPUPPRTRROPPPRTRRRPRPRTY || | SERRTPPPRTRPPPPRPTY —Jo5
EF 0
R — 7
_‘& 20_ ......................................................................................................... | | B 1| | IR | SN —] 20
S F .
— 15l P L | O | | —15
10: SO L1 | T | LT | e 0 ( BRI | O | | | _: 10
5: ........................................................ :5
- | | | ‘ =

(. (- ( (.
O¢G O¢W ()¢B ()¢WB()¢D Om ()gb]]) ()¢13) O¢e Og])o (]3) ()¢u O¢d OM¢ ()r¢ O Ob¢ O

Fit 1 operator at a time

Small or moderate impact of theory uncertainties (compared to the case of EWPO)
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Fit inputs: Theory and Experiment

Diboson (WW) precision measurements at FCC-ee: aTGC

FCC-ee et e~ — W semileptonic channel all angles
From fit to diff. distribution in 240 GeV only 365 GeV only
all angles uncertainty | correlation matrix uncertainty | correlation matrix
591,2 5/467 Az 591,2 5/437 Az
091,z || 11.2 x 1074 1 0.08 -0.90 || 13.9 x 1074 | -0.57 -0.80
0K~ 8.6 x 1074 1 0.42 || 8.3 x107* 1 0.10
Az || 12.3 x 1074 1 11.9 x 1074 1
240/350/365 GeV 161/240/350/365 GeV
uncertainty | correlation matrix uncertainty | correlation matrix
01z Oky Az 01z Oky Az
0917 || 81 x10* 1 028 -0.87 || 8.1x 107 | -0.28 -0.87
0K~ 5.2 x 1071 1 0.12 || 5.2x 107 1 -0.12
by 7.9 x 1074 1 7.9 x 1074 1
aTGC
Lrao = ie | (WhHW; = Wi W) A, + (1+ 0ky) A WHW,|
1 igcos B [(1 + 5g1.7) (W;VW,; _ W,;,W;) Z, + (14 0kz) Za, WJW;} ( 5:;2 — )\591,Z — 2ok,
— N\Z
+ e XE WL W, Ay + ig cos Ow 2EW LW, Z,,, !

FCC-ee Physics Meeting
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Fit inputs: Theory and Experiment

Diboson (WW) precision measurements at FCC-ee: aTGC

FCC-ee et e~ — W semileptonic channel all angles
From fit to diff. distribution in 240 GeV only 365 Ge™ only
all angles uncertainty | correlation matrix uncertainty | >lation matrix
L === e - - e i Az
Ty E N7 -0.80
’ 3
| 1.0} : I111.313—2 (WW) { oo
X . 122S
<= SMEFT:aTGC dg;zand dx, receive W LEP + Higes -
R contributions from the same 0.5} |
2z . ) . . ’ vV
interactions entering in 2V} couplings erses
% 0.0] X,
| = WW measurements relevant , P -0.87
‘ ’ | ‘ -0.12
| , : -0.5 | ]
| for Global Higgs fit | ; | 1
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The Global Higgs fit at FCC

e Fit to Higgs precision measurements at FCC:
Assuming perfect EW measurements

® HLLHC+LEP2 = +FCCee ® +FCCeh = +FCChh

1000 T T g T E2rit|

== Latest HL-LHC HH studies

L | | e | | o E

S
S S
= X
o S
M1 ImuGtl © m LB A B E é‘«;
0.10} - : == | 1 B - -- : - - . | R R . .
0.01 ff ff ff ff
GHuy  GHrr  GHee  GHtt  GHbb Gy 9y, 9Hzy OGhgg 9HHH 991z Ok, Az
1-o sensitivity to NP in effective couplings g,‘i‘}f(?{ = ?gfﬁ# in the SMEFT framework
H—XX

After FCC-ee/eh/hh: most couplings to be known with a precision below 1%
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The Global Higgs fit at FCC

e Fit to Higgs precision measurements at FCC:
Assuming perfect EW measurements

® HLLHC+LEP2 = +FCCee ® +FCCeh = +FCChh

1000 T T g T E2rit|

68% prob. uncertainties

== Latest HL-LHC HH studies

Already below 1% after FCC-ee
(+ Normalization for HL-LHC, FCC-eh/hh results)

L R | | M | | o E

0.10

oglgl %]
O9arcclx100]

0.01
GHup Jree G | Guob  gfuy | 9y, Oiiz, 9uHH O91z OK, Az
1-o sensitivity to NP in effective couplings g,‘i‘}f(?{ = ?gfﬁ# in the SMEFT framework
H—XX

After FCC-ee/eh/hh: most couplings to be known with a precision below 1%
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oglgl %]

0.10} -

0.01

The Global Higgs fit at FCC

Fit to Higgs precision measurements at FCC:

Assuming perfect EW measurements

® HLLHC+LEP2

® + FCCee

® + FCCeh

® + FCChh

68% prob. uncertainties

Htt at FCC-hh: normalization also provided by FCC-ee (Ztt)

e it il -
- ///

=

N
+~

on Ztt top couplings

|

L

09t /g

Precise measurement ~1%

. of LH Ztt coupling needed

|
GHuyy  9Hrr GHee | GHtt g
&

1-0 sensitivity to NP in effectiven._

| Assuming ~10% accuracy — |

Toy fit: Impact of #Z measurements
0.4

HEPHT)

== Latest HL-LHC HH studies

=

-0.2

.....

Ztt-Htt

After FCC-ee/eh/hh: most couplings to be known with a precision below 1%
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The Global Higgs fit at FCC

e Fit to Higgs precision measurements at FCC:
Assuming perfect EW measurements

® HLLHC+LEP2 = +FCCee ® +FCCeh = +FCChh

7000, TS T T IEET L AmeNT HEP[

; 68% prOb uncertainties m= | atest HL-LHC :I:tstludies E

i FCC-ee determination of H3 better than HL-LHC |

0----------------ee BT - E

1 S I - e i ek | o 1 | o R 1] | | G E =

0.10 - - - - B il Ili IRl t ke E
0.01

OHuy  9Hrr  GHee Ght  GHbb  gily gﬁf,fy g,.,zy g,.,gg g1z Ok, Az

1-o sensitivity to NP in effective couplings g,‘i‘}f(?{ = ggﬁx X in the SMEFT framework
H—XX

oglgl %]
O9arcclx100]

After FCC-ee/eh/hh: most couplings to be known with a precision below 1%
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The Global Higgs fit at FCC-ee

FCCee sensitivity to Higgs trilinear coupling
. M. McCull h, PRD90 (2014) no.1, 015001
® Can be tested at FCC-ee via NLO effects s bivit ot al. JHEP 1802 2018) 178

0.025
* Combination of 240+365 GeV |
0.020+ provide a sensible global bound!
- \e'e»hZ on h3 coupling ]
0.015" (no flat directions)
T ]
AN '0.010+
0.005° w7777
0.000- A S

NP in the effective Higgs trilinear coupling in the SMEFT framework
Lps= ghnnh®

ghhh = —% (1 + [B(Cqu — 3Cop) — 2;\)4—2}2bc¢ — %AGF} X—Z)

From a global fit to the FCCee Higgs + Diboson data:

Indirect FCC-ee sensitivity to Higgs trilinear better than direct at HL-LHC (~50%)
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The Global Higgs fit at FCC

e Fit to Higgs precision measurements at FCC:
Assuming perfect EW measurements

® HLLHC+LEP2 = +FCCee ® +FCCeh = +FCChh

1000 T T g T E2rit|

- 68% prob. uncertainties
. FCC-hh determination of H3 depends on Htt (hence Ztt)

== Latest HL-LHC HH studies

= — = —— = 0 — _ — S — = —

// Toy fit neglecting FCCee measurements -

and using simple HH inclusive observable §

1 _ ‘ S

! 0.4 EHWitti-FCCee | T

3 - i_iwg FCCee il (] E Gk S = %

| SSo2l (B | %
| S02F
| _ 7 Rt
Precise determination o i

of operators modifying = o - (EIRARENE 8 % E
. Htt interactions needed § I
; S |
LS -0.2 -
T off OK A
0.4 - HHH-Htt| ({99 912 Y Z
| 1 1 1 1 | 1 1 1 1 | 1 -
0.1 XX jn the SMEFT framework

S // XX
. _____#with a precision below 1%

FCC-ee Physics Meeting Jorge de Blas

March 25, 2019 INFN - University of Padova



The Global EW+Higgs fit at FCC

e |n previous Higgs results we assumed perfect EW measurements, e.g.

Perfect EW: Known to be SM-like with o« precision. Also implies these contact int. are absent

e Also misses impact of finite precision of Zs in o(ttH)/o(1tZ)

e A robust analysis of Higgs couplings requires to add finite precision
for all those interactions = Global EW + Higgs fit

e FCC-ee EWPO = perfect EW measurements from the point of view of
Higgs measurements

FCC-ee Physics Meeting

Jorge de Blas
INFN - University of Padova
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The Global EW+Higgs fit at FCC

e Fit to EW and Higgs precision measurements at FCC:

m FCC (Exact EWPO) m FCC

68% prob. uncertainties

o R HE Pl

100 R EEREEEEREEEEEEEEES -
i I S
S ! =
= = X,
> i )
g 1 o
* i ?
0.10 b
0.01 ff ff ff ff I
OHpy  GHrr  GHee  GHtt  GHbb  Qhwy 9y, 9hzy OGhgg 991z 9Ky Az
1-o sensitivity to NP in effective couplings g,‘i‘}f(?( = ﬁggx X in the SMEFT framework
H—XX

Only finite precision of FCC-ee Zitt slightly reduces sensitivity to Htt
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Beyond the CDR studies

Still missing: HZy interactions

O
O
-n
(@]
(@]
®
®
o
O

yet

O oreh uncertaintios & 1 HE Pl

0 _

99arcc[x100]

0.10f

oglgl %]
-\
\
rfF
—
Not directly accessiblef
=
| |
Measureabi
I
|

0.01

OHuw  GHrr  GHee  GHe  GHeb  Givy  Ghn,  Ohg, Ohey 991z 0K, Az

Independent from other interactions in kK analysis but not in EFT

e CEPC (only 240 GeV): uzy,~ 16% . FCC-ee (240+365 GeV)??
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Beyond the CDR studies

Angular information in ete-—=ZH

N. Craig, J. Gu, Z. Liu, K. Wang, arXiv: 1512.06877 [hep-ph] 6 angular observables
o= | 11 dcos y sgn(cos(261)) -2
Ly ‘j A= R A Y " dpsen(sin(20) 5
<z ] AV =2 [Tiosnteomir B2 A0 =2 [ aosentcontzon 2
1 1 1 d20'
Acty et = — /_ 1dcos 61 sgn(cos 0 /_ 1dcos 02 sgn(cos 02) - P

Lot D EGuhZuZ" + GYhZu 2" + ¢y gh 2y 2" HCadp Zuw A" + ¢y 5h Zy AT
+hZ " (v + cavs) L+ Zuy" (gv — gavs)l — gemQe A",

g AGA ,,,,,,,,,,,,, Aceice,
Gzzf I (41093 4, B 037 4y | 1-0.01 )
&l - Lo anl Lo a0l Lo, Asymmetries compensate lack
By I 088 alyl 0. ol -059 of sensitivity of unpolarized rate to
L - AR L ! = hZy or vector lepton interactions
(aAz- | 1+0.59 G, t | 140.02 a5r (N 1-0.44 ). .-
69y + | 1-0.3  6gy,+ 140. 69yt [ ] 1+0.2
69t [ ] 143.98  6g,t 1+#0.  694r | 1+0.01
| o sl [ Lo Complementary test of anomalous
8,5 a0 Gy b0 d, Lo, contributions to h—2Zy
—‘10 —‘5 6 é 1‘0 -0.4 —6.2 O.‘O O.‘2 O.‘4 —6.6—6.4—6.2 O‘.O 0:2 0.‘4 0:6
100 Ao, 0Ace, co,
o oq a0 oa; a0 oaq; a0
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Beyond the CDR studies

Full EFT study of efe-— W*W- production

e Current FCC-ee aTGC results: Fit to binned angular distr. (no corr.).
Also assume aTGC dominance, i.e.

- W+

e Good approx. at LEP2. Probably good approx. at FCC-ee too...
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Beyond the CDR studies

Full EFT study of efe-— W*W- production

e Current FCC-ee aTGC results: Fit to binned angular distr. (no corr.).

Also assume aTGC dominance, i.e.

e Good approx. at LEP2. Probably good approx. at FCC-ee too...

e ...testing using full EFT parameterization... plus statistical optimal
observable analysis

JB, G. Durieux, C. Grojean, J. Gu, A. Paul, In preparation

binned distributions, statistical uncertainties only
optimal observables, statistical uncertainties only
optimal observables, Agys®Agtat

0.0015~ | M
|
r 5.6/ab, semileptonic channel, 80% selection efficiency |

0.0010-

precision

0.0005

0.0000

FCC-ee Physics Meeting

OO study is idealized: only
take care of statistics part

How large are sys. expected
to be in WW at FCC-ee?

ASys ~ AStat ?
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Did we miss anything?

e Probably... There was certainly more we wanted to do:

From the defunct Volume 5

— No info of My in CDR!

Precision of ~10 MeV needed to
17 Higgs boson CP Measurement push parametric uncertainties in
18 Exotic Higgs boson decays h—VV* to an acceptable level
(CEPC claims 5.9 MeV)

16 Higgs boson mass measurement <

4 Lepton Flavour violation in Z _decays ‘

(and Higgs)

e ...Looking forward to see the results that were in preparation for those
sections
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