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There exist abnormally small fundamental scales
not satisfying the principle of naturalness :

nature should be smal? only if the un.derlyz'ng theory # Hooft N.Sci.S
becomes more symmetric as that quantity tends to zero. »



Fntroduction

Theoretical side There exist abnormally small fundamental scales
not satisfying the principle of naturalness :

« A quantity in nature should be small only if the underlying theory
becomes more symmetric as that quantity tends to zero. »

Cosmological constant (dark energy?) in G.R. :

«Anthropic principle»

/ d'z\/gA. A\~ (101GeV)* << (Mpra)* - Alternative to naturalness :

' multiverse / randomly distributed A ?
Mpjanek = (RC/Gy )2 (landscape of string theories)

Strong CP problem in Q.C.D. :

{
1672

Ly = G’#yé””. 0 <<10l0 == Spont. broken global U(1)po Symmetry ?

And pseudo-GB axion (= dark matter?)



in E.W.S.B. sector of the Standar

- M Gravity

from Extr

H ~ 10 GeV << Mpjanex

A
V(9) = —?|9" + IgI".

~ 101 i
A ~ 1071 is natural A.-Hamed, Dimopou

Randall, Sundrum ph/



s in E.W.S.B. sector of the Standard

A M~ 102 GeV << IVIPIanck ‘ IVIGravityS
V(g) = —pi®|o]* + 1|¢|4, from Extra
A ~ 101 is natural

Randall, Sundrum ph/9
guantum level...

2 — 2 2
My® = Myhare B 6mH loop

5 > : :
wp- == M= => Fine-tuning

andau pole, bounded from below



Brout-Englert-Higgs mass in E.W.S.B. sector of the Standard Model :

A M~ 102 GeV << I\/IPIanck

V(p) = —pi®|o]* + 1|¢'}|4. i

A ~ 1071 is natural

Instability at quantum level...

1 . 2 — 2 2
Higgs mass : my = My, + dmy oD
Y . .
2 ~ 2 2 = _
OMy“10p = Np? >> my* => Fine-tuning
L )
H \ H
_____ 4 .
)

& Higgs potential V (no Landau pole, bounded from below)

‘ |\/IGravitySD N 103 GeV
from Extra-dimensions ?

Supersymmetry

Pseudo-GB Higgs [Gauge-Higgs un.,
Little Higgs, Neutral naturalness...]

A\ p? taken care of (quantum gravity...)
M, -2 at TeV scale or Higgs-decoupled
(Leptogenesis, m,, GUT...)
«finite naturalness»
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Experimental side

The LHC has discovered in 2012 a resonance
of ~ 125 GeV at the ~ 50 level

which is most probably the B.E.Higgs boson
responsible for EWSB

+ ATLAS and CMS Collaborations have collected data at Run 1
with luminosities of ~5fbl@ Vs=7TeV
~20 fb'l @ Vs=8TeV
and provided measurements of the Higgs rates in 88 channels !

= precious source of indirect information on physics underlying the SM
since the Higgs couplings might be sensitive to new heavy states.
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|. On the Higgs boson data at the (HL-)LHC

[A] The theoretical uncertainties in Higgs rate fits

Global theoretical uncertainty on the main gluon-gluon Fusion cross section (Os)
[full Bayesian combination] ~10% (QCD, PDF+aq. ...)

Typical experimental errors on the signal strengths (M., = N,/ Oy Bsy € L)
~ 20%-30% with LHC Run 1 data
~ 5% (YY) - 10% (t7,ZZ, WW) at /s = 14 TeV and 300 fb~!
[for same systematics as today]

— Importance of treating carefully the theoretical uncertainties.
In particular, statistically.



y a detailed statistical implementa
uncertainty entering the Higgs signal stre

being this Likelihood :

I1 dawa;')mm},a?f)x EIP[—%Z(Hfh[ﬂhﬂﬂ—#?[1+‘5fﬂf]}cf}{_l(F;hlﬂif’scf]_ﬁ?{(l""sf‘ﬁ?)}

“4 \ u \

ginalisation Prior(nuisance parameters)
teg. => maxim.)



ntly a detailed statistical implementatio
| uncertainty entering the Higgs signal streng

t beinq this Likelihood :

' [ 1
I] % dﬁ?)ﬂu(t’?}:ﬁ?]x exp [—Ezmzh[wﬂ—ﬁu+6:‘ﬂfncg?-1(ﬂ;hlcv,cfl—#?‘(lwfﬂé‘ﬂ

rginalisation Prior(nuisance parameters) lo
integ. => maxim.)

(priors and error magnitudes) of each individual uncertainty :

ij

Liev,ep) = f(Hdﬁi)?f”(fﬁJ X exp [—%Z(ﬁé"[w,cf]—ﬁ?‘(Hﬁi,ﬁfJ)C%"‘1 (#}h[wscr]—#?x(Hﬁ‘ijﬂ?})
X

|

X=ggF,VBF,VH,ttH

=> Analytical expressions for L(cV,



Bayesian marginalisation 1 A Bayesian marginalisation

— flat prior — [a] | flat prior — [b]

T (0x ) = wger (OgeF) 6(dgeF + dun) TV pp(dVEF) T (8x) = mggr(Oggk) O(dgek + dient) 8(dger + Sver)
d(dver — dzu) 6(6vBF — dwh) (bggF + dzH) Hdger + dWH)

—_—

error correlations among X-productio

B-2011-11, CM



1

plosgrlu) = [ dev dey m(ev 1) mer(am) w[—gz(ﬂ?‘wl—ﬁ‘u)c:;-‘-l (p:.rh[cv,cn—#;msmm;n)]

act prior width (TH error) :
r set to an infinite flat distribution

recommended fit for future data :

151
1.0
cr
0.5
Bayesian marginalisation 1 - Bayesian marginalisation
— flat prior — [a] — flat prior — [b] (’I




otivated by the lack of knowledge on the p

Liias(8p) = exp [ 22( ey, ep] — ps “”ﬁﬂ-b))cg l(p;hlﬂlr',ﬂf]_}i?(l-l-ﬁbﬁ?))

\

S

s
ax. over n(5)’s A} = |Agri— (Aftns+ AV + Al + Azig)| + Y _(AF; + Ava)
irect envelope method *** AP 2 X7

1.5

1.0

cr :
_ | = «Priceto
1o | relying
Frequentist bias 1 . Frequentist bias = mo
— envelope — [a] — envelope — [b]

1 I 1 1 1 1 1]
or 0g 02 1.0 14 1.2 1.3
Cy

0.E or 0s 0.E



Bayesian bias | A Bayesian bias

— envelope — [c] |~ envelope — [d]

= Interestingly the
envelope leads
predictive be




[B] Making the LHC a precision machine for Higgs couplings ?

: TH uncertainty on Higgs rates might become dominant w.

B eXo(gg— H)+e¥B¥a(Hqq)+ eV o (HV) + i o (tTH) y I'H — XX)
T o(gg—H) + eV BFo(Hqq) + eVo(HV) + eiiflg(ttH) | T(H = VV)

TH ambiguities on I, (H

Would be equal/prop. to unity for |
[require to adjust kinematical cu
—> main TH error would disap

— Uncertainty @ 16 on Cyf
from ~15% down




Il. Phenomenology: New physics effects on the Higgs sector

[A] The constraints of the Higgs rates on the (h)yMSSM

3 effective light-Higgs coupling corrective factors, within the MSSM,
iInvolved in EXP. signal strengths :

Cy.,Ci, Gy

(c; definition contains the main
stop quark contributions to ggH) s U
3D fit : best-regions (68%C.L.) => 0 15

10

1.0
Cy 15 00

Including the tth associated production in fits
would need to introduce another ¢’; parameter.



large stop contributions to ggF (high stop mass,
ng SUSY-QCD corrections to c, (high gluino mass,

COS 0 sIn o
- 3 ﬂEp —
sin 3

oy =sin(f—a), = —73

-analysis shows that up to two-loop corrections, in a good approxi
xing (CP-even h-H sector) depends solely on the 2 parameters (hMS

M, , tanf

soft SUSY breaking scale Mg>1TeV
(from direct squark/gluino searches)
e measured Higgs mass.

fit : best-regions (68%C.L.) =>

15 200 250 350 00
M (GeV)



[B] Extra-quarks in the Higgs sector

New fermions arise in most (all?) of the SM extensions,

— little Higgs  [fermionic partners]

— supersymmetry [gauginos / higgsinos]

— composite Higgs [excited bounded states]
— extra-dimensions [Kaluza-Klein towers]

— 4th generations [new families]

— G.U.Theories [multiplet components]
—etc...

= Phenomenology of Extra-fermion(s) = GENERIC BSM approach

14
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uark impact on loop-induced Higgs couplin

ra-Fermion (often good pheno. approx.) => new loop-contributions :

You/3
Alr(my )] —C(Q5/3) : A[T(mqs/s)]

q5/3
- 3(2>2 . Afr(my)] ~ NI (§>2 0 A (g )] ~ @]
3) my ¢ 3 Mgy 5 gl ¢ my
repres. 9 2 realistic assu
ark Cyy . q’ a quite stron
Cgg | g’ (2/3)?




SM:

ly of Y,
2), repres.

Vo =Qp — I




arks to interpret the LEP and L

ar with :
nsions (KK excitations)
Higgs (bounded states)

Measurement Fit domea_sfoﬂy’cmeas
Aof) (m,) 0.02761+0.00036 0.02767
m,[GeV] 91.1875+0.0021 91.1875
I,[GeV]  2.4952+0.0023  2.4960
opanbl 41540 £0.037 41478
R, 20767 +0.025 20742
Al 0.01714 +0.00095 0.01636
A(P) 0.1465+0.0032  0.1477
Ry 0.21638 +0.00086 0.21579
R. 0.1720 £0.0030  0.1723
ARP 0.0997 +0.0016  0.1036 -
Ale 0.0706 +0.0035  0.0740
A, 0.925 +0.020 0.935
A, 0.670 £ 0.026 0.668
A(SLD) 0.1513£0.0021  0.1477
sin’0'(Q,) 0.2324+00012 0.2314
my[GeV] 80426+0034  80.385
Ny [Gevl  2.139+0.069 2.003
m, [GeV] 174.3 +5.1 174.3

—p My

ATLAS and CMS Preliminary -—ATLAS
LHC Run 1 --CMS
-+ ATLAS+CMS
_ : —*1c
n e —t20
ogF y
—+—
2 —_
VBF -
K
WH T
W
ZH
1 -
———
T M [ B N ST T

0 05 1 15 2 2

5 3 35 4
Parameter value

ATLAZ wnd CMS Pradimirary
LHC Aun 1

== ATLAS

= CME

= ATLASCME
=i




achieve to respect all EXP date

Y=5/3 L=Y, QuHtr + Y, Q H @LH tr TLHZp + YV, TrH th

as/3 4+ YW ZLHTp+ Yo TRHE! + Yy, O Hbg @QLH b, @ELE b

m

Tor, BLr: ZLR= | dq} ) , b pandtrp

| + ¥, ELEI bp + Y. EREIBE +mTiTp + moZ1Zp + m;g?gtﬂ
t

LR + myBrBp + msg}:bﬁ + Hee.,

52 50 48 —46 —44 —42 40 -38
Y

2]




A new Higgs production channel through Vector-Like t' quark pairs @ LHC

I/
pp > tt
Delphes F imulation 2012 E=14TeV L=2000f% thh
'\-? [ I T | T T T |p ]I.Dr-i- T T T
] 3 point A7
2 10 ] W 2y+jer —
Wy - T+ Iy +jets
» | + Iy +jes
2 & E .
o |
= f
6 —
4_ —
oL B
0 100 | 150 200 250 300
M,, [GeV]

t'>th, h->YY

(top jets angularly close to YY)

B(t" - th) = 0.6

Events / 50 GeV

0 200 400 600 800

:=I *.I' ;'Tziolr.l} I'.Z I'.'»
sE \
e S -
3 -
ol ]
Ir B ]
. -hLIHIIl-lII .----

1000 1200 1400
M, ,; [GeV]

t'> th,tZ, bW
(jets in opposite hemisphere)

S/AB = 9

B(t' - th) = 0.3 S/AB=35

Sighal generated with
FeynRules-MadGRAPH
-PYTHIA-DELPHES

Background MC simulated with

ALPGEN-PYTHIA-DELPHES

Motivation to search for ¢’ events in Higgs channels :
- signature for VL top partners
- correct the standard Higgs production rates

20



[C] Higgs couplings in warped extra-dimension models

warped extra-dimension (TeV-brane localized Higgs boson
= Alternative to SUSY for addressing the gauge hierarchy probl
= Dual via AdS/CFT to composite Higgs models Maldacena th/9
= Geometrical mechanism for flavour structures Gherghetia et al.

+ Custodial symmetry SU(2), x SU(2)g x U(1)« protect against EW
Agashe et al. p



[C] Higgs couplings in warped extra-dimension models

Scenario with warped extra-dimension (TeV-brane localized Higgs boson)
= Alternative to SUSY for addressing the gauge hierarchy problem
= Dual via AdS/CFT to composite Higgs models
= Geometrical mechanism for flavour structures
+ Custodial symmetry SU(2), x SU(2), x U(1)y protect against EWPT

Higgs VEV is modified in the RS scenario : Boson Mass <= EWSB + KK MIX
(possible increase of 30%) Gg, My, M, <=Vv, g, g (bare) + M...

hVV couplings in the RS model p—

VEV shift can amount to 50% of the correction :

hff couplings in the RS model

VEV shift is the major impact (over KK MIX).

:J C I 1 1 1 I 1 1 1 1 I I 1 1 I 1 1
J_EI]U 4000 6000 8000 10000

+ Mrx(GeV)

21



the Hgg and Hyy couplings in various R

—<& Hog | Hyy
unification SO(5) N\ N
ki 0711.0828
not Pseudo-GB) /7 N
|. 1006.5939
. 1408.5406
/ Yukawa N N
N\ /7

KK towers contributions s
due to extra symmetries

Ys=Ys in_
Ys QrHDp +

Y5 # Y5 (no more 5D Lore
Calculation order :

Calculation order :
Under SU(2),
Q. in (2,2)



_______________________

N N Under SU(2), x SU(2)g
Q. mix (2,2) & (2,3) txi

\y () Brane-kinetic terms for fer
al. 1507.04357

from AdS5 N\ Background metric modif. n
.1103.1388 [via HWW]

—

(robust predictions for bulk-matter models compatible

The increase/decrease of oy, and/or I'(H->yy
could help in the discrimination of RS versio




_______________________

N N Under SU(2), x SU(2)g
Q, mix (2,2) & (2,3) tgin

- kinetic terms \ () Brane-kinetic terms for ferm

tal. 1507.04357

from AdS5 N\ Background metric modif. ne
. 1103.1388 [via HWW]

—

(robust predictions for bulk-matter models compatible wi

The increase/decrease of oy, and/or ['(H->yy)
could help in the discrimination of RS version

N N Higgs-mixing &
Sfermion/Ga



on MKK in RS
butions/corrections
5 couplings at LHC Run 1

h — bb
h— vt
h— WW=

h— 8=

h— 7y
h — bb
h— 7t

h— vt
h— W=
h— Z5°

10.0 175 150

M, [TeV]




[A] Two types of non-commutativity

a-dimension model with brane-Higgs (bulk matter) includes

R\* , .
Shrane = / d*zdz6(z — R') (_) H (YYPROLDr + YyP"RORDL +h.c.)

Z




lll. Theoretical aspects about brane-localized Higgs fields

[A] Two types of non-commutativity

Warped extra-dimension model with brane-Higgs (bulk matter) includes terms :

‘ RrR\* - o
Shrane = /d*‘xdza(z — R (_) H (YYPROLDr + YyP"RORDL +h.c.)

-

"

E.O.M. => Well-known « Jump problem » on nt"
) cqg + 2 CED 1o
— maqr, — O2qr + — —qr +v4d(z — R')Y; PRdArp=0 = IR ) #0e(R' )

L

wave functions : ambiguity at z=R’

(——) BC => ga(R) =0

5D-Need to regularise : e.g. shift Higgs peak by € (eliminates the jump) then take €50

25




utativity : in the Hgg and Hyy couplings

Carena

= Number of KK eigen-states exchanged in the Hgg or Hyy loops
= regularisation parameter

order 4D : Ny»>x,h €30 <> 5D : Narrow bulk-Higgs

[Higgs sensitivity to (--) KK mo
#

4D : €50, Nyy>o <~ 5D : Brane-Higgs
[Higgs NOT sensitivite to (-

IS non-commutativity paradox disappears
the hard UV cut-off is applied (or consistent UV r



A second non-commutativity : in the fermion mass spectrum

Simplified flat extra-dimension model :

e ion = /d4$ dy [ 5(y—7rR) (Y5 QLHDR -+ Y5/ QRHDL - H.C.) ]

5D - Solve and 4 mass equations (E.O.M. for any i-th profile) of type :
vYy
V2

€ = regularisation parameter 0 0 at @R

dr, =i

(Yukawa inE.O.M.) —mqr + q; + 6(y— (7 —€)R)

4D — Solve the characteristic equation for the infinite (0O-modes + I-th KK modes: )
squared mass matrix including elements like : 0 0l

vYy ?
/2 qr((m — €)R) x dy ((m — €)R) >0

N = Number of KK modes in spectrum calculation [interaction basis] (# Ngx )

(perturbative Yukawa treatment) T

27



grande et al. Azatov et al.

0906.1990
Regularization I Regularization II
vYs V2(1 4 ¢)*vYs
=2 t =
V2 an (wf m) 2(1 + ¢)? + a?Ys Y
no J-terms for (——)-profiles d-terms for (——)-profiles

(——) BC at 7R, EOM with ¢ EOM with ¢, (——) BC at 7R

’UY 2 'UY /\/§ y
tan2(7rR /|m|2) - (725) tan2(7rR\/|m|2) - (1 -|—USY5Y},’/8)

no (——)-profile role ' (——)-profile effect
e—>0, N— oo N—00,e—=0

...a hew non-commutativity p



lation orderings should be understood as being 2
risations which must be « experimentally equivalent

m' (VI, RI, Y5|) —ml (V”, RII’ Y5“ Ye)

. future EXP. data could exclude the Regularisation | only.



Interpretation ./

Those 2 calculation orderings should be understood as being 2
(5D) regularisations which must be « experimentally equivalent » :

rnI (VI, RI, Y5|) - mII (V”, RII, Y5” Y:)

Remark: future EXP. data could exclude the Regularisation | only.

Correct Cut-off Procedure

5D fields : regularisation (pure 5D) calculate masses]

(2) Phenomenology only with mass eigenvalues below the cut-off A .

(1) 4D matrix : N> allows the 2 regularisations [construct 5D theory:

( Higher-dimensional models = Non-renormalisable scenarios
=> valid up to an energy scale A )

29



[B] Brane-Higgs regularisation in Supersymmetry

Bouchart,
field content 1101.0634

y model => extendable to 5D pMSSM :

alised N=1 4D Chiral superfield H? and HY

r N=2 4D) hypermultiplets {®.,®, "} and {®7,®7 "}



[B] Brane-Higgs regularisation in Supersymmetry

5D Superfield content

Warped Toy model => extendable to 5D pMSSM :

Brane-localised N=1 4D Chiral superfield H_) and H)

N=15D (or N=2 4D) hypermultiplets {®.,®; "} and {®§,®7 }

- U(1) gauge symmetry - T\ \

* Scalar fields ¢¢
o * Fermion chirality

N=1 4D Chiral field Q(z",y;0,0) for KK
+ N= iral superfie x,y;0,0)
\ * Scalar fields (Z-iAg)
* Chirality for KK gauginos  3p

N=1 4D Vector supermultiplet V (z",7;60,0) «— A



angian derivation

the Higags couplings to the scalar superpartners :

2
Lsp = ~VG |ily ~ nR)éuyon — 0, - (ev + )OO~

field
ngian -
s
R x « 'Hu c(n)— —
+ G A
P v w o vy o
R H% (I)(p) //x\ (I) Z »

R
(¢r; TRe) fo T (cr; TR.) | g
iV (ers TRe) £ (crs mRe)30) — K26

tion of the &(o) terms !



R SE.
ing
(n) |
gg ot > 3 , _ )
: _ =0y —Y
JEE S Fo@)fa®)
q) 0 / \\\\ n=0
Hu q)H?l /
\~
t+(cg; mR.) .
i +igrqzo !g%#(cfz; TR.)
TR _
—iqrqmolg)? . dyf " (cr;sy) i (criy)k?

to 5D pMSSM after EWSB :

fermion-sfermion couplings (add KK sfermio
ton mass matrices (infinite matrix dia



ggs boson self-couplings...

L u
Gy
+ =™ +
BRTY
¥ ox
0 ) = Sy — y)
Z Fuly) fnlY
n=>0

4
’l/q%{g |g|2[%) B k2Gg++ (k2, 7TRc7 7TRc) y qug++(

, ++
= —iquoqmslgl’k°GY (k%




ers the order of calculation found out
in the non-SUSY 5D case..

ut-off Procedure

Ive the 4D effective SUSY Lagrangian [construct 5D
ularisation at work (completeness relation) calculate th
2> (pure 5D)

nology only with mass eigenvalues below the cut-off A .




lation of the quantum corrections to the

of the quadratic contributions in 5D, in the Yukawa sec

N 2 2
d'k | [fL(rR.)] ey [fR(mR.)]

y? / L k? G5°® (k% mRe, mRe) + = k?
2./ ooy [kz—mw ; B —m)?

N,M
= 2y? ) /

{n,m}=0,0



Application : calculation of the quantum corrections to the Higgs mass

Cancellation of the quadratic contributions in 5D, in the Yukawa sector :

i
Qng Cng N,M 4 M m m
___>_)\_ — — - —2y? Z / d’k o f c szTE;;Rc) fr (WRC)fJ(%m()ZRc)
" >‘nm {n,m}=0,0 k? — my, k? — mpg
i
« KK level :
B cve » commute Step (2) : cut KK SUM in 5D propagators
——————— ? ﬂ
n 4l 4 n 2 Ly W n 2 =
S0 2y / ;l d l[f L(”R(Cg)]2k2 GI 2R, R + R(WR&))]QH GI (k% 7R, mR)
- = (27)° | k2 ityg k? —mp
. 4

c ]2 [f?(WRC)f
)

‘ o e 2y2 Ji\/l / d4k k2 [fn

B . — — — T — — — n) 2 m) 2

S > {n,m}:OWQ - mg% L2 m(L )
An|L/R
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e quadratic contributions in 5D, in the gauge

A(n)
A&n) 1
bmo ®HY
y gq;g N /gq;zg J 20 0
s R it -
92q2 0
buo H
;7 TN
/ H 7:(/,,,,R) .
\\qu/zi,’
D (KK) / \T (n)
: PHo RN
diagram R S
9q9mH0

g2 dk 1 _
qHO <QH3 + gm0 T 4L + QR) 2wk, | 2n) 7o 0
C

= 0 [4D chiral (A.B.J.) anomaly



Supersymmetry Quadratic my, correction
Gauge symmetry cancellation ins5D

st of this analytical 4D calculation method to prove the cancel

he problematic so-called « KK regularisation » which was perfor
e - by going through a non-justified commutation between the i
hanged KK-mode summations and the infinite four-momentu



Cionelusions

ta of LHC Run 1 on Higgs rates already imply
rivial constraints on most Beyond-SM theories :
- with generic extra-fermions

- higher-dimensional / composite models
- Including supersymmetric extensions

care will be required when analysing the next results f
Ide : for statistical treatments of TH rate uncert
ical side : for (SUSY) scenarios with brane-loc



cms 250 500 500up 1000 1000up

colliders will be able to

7% Cb
6%

5% - CMS-1
2% CMS-2

B <
3%
2%
1%

CMS 250 500 500up 1000 1000up

CcMS 250 500 500up 10001000up

N\

(Too) optimistic scenario CMS-2 : HL-LH
- Systematics improved as statistics Run

- THerror on 0’s halved (PDF...)




Wich next generation colliders will be able to reveal indirect Beyond-SiVi
efffects via the Higgs couplings? « ~30’s @ HL-LHC would not be impossible »

3o?§~few10’s%

P~ few 10's %

P ~8% 30?7 ~few 10's %

L (< 1%) 362} ~10-100% (tanp-dep.)

P -6 %

C
av6l W
3% CMS-1
CMS-2
2% l i«

CMs 250 500 500up 1000 1000up

Fit prospectives :
Expected accuracies (TH+EXP)

P~ 6%

7% C b

6%

5% CMS-1

49 |- CMSs-2
B <

3%

2%

1%

CMS 250 500 500up 1000 1000up

(Too) optimistic scenario CMS-2 :

7%

6%
5%
4%
3%
2%

1%

~few 10’s % ...In RS custo.

...comp.-pGB H custo.

...In the MSSM

...add. mixed singlet H

CMS 250 500 500up 10001000up = /S [GeV/]

= L[fb~] (on 18 years)

Systematics improved as statistics  Run 3: 14TeV 300 fb~! (-2023)
TH error on 0’s halved (PDF...) Run 2: 13TeV 100 fb~* (2015-2018)

HL-LHC: 14TeV 3000 fb~?! (2026-2037)

SC



ning the LHC and ILC data
improve the pure ILC fit :

Peskin 1312.4974

CMS 250 500 500up 1000 1000up










gher-Order Operators

ulation orderings become « analytically equivalent »
ompletion induces the Higher-Dimensional operators :

Qr H 0,D 1
y— mR) Yuo 8yQRA28y L o (5(y—[7TR——







i SM 0 AT
EXF'EII;UEI}{

— LAY,




R €[0;1000] GeV
A, €[0,1000] GeV
1€ [100;1000] GeV
ar €[-1;1] tanBe[2;50]

2, Otr 2 | =2
m; + QF cos2Bmy + m3

[
At tan 3




