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Higgs & EW physics part 2: Outline

Study of the gauge sector

% 7 parameter measurements @ et*e- colliders (Vs ~91 GeV)
*My, I'z, 6%aq, A'pp

* Energy calibration and luminosity measurements
* EW parameters measurements @ pp and e* e colliders
* sin2 8eff

o MW, FW

% Diboson processes
* Triple gauge couplings

* Vector boson scattering
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The gauge sector of the Standard Model

Strength tensor of EW gauge bosons and of gluons DH Y, = /bp

Lgauge — _lFa FYHY 4 ZZE Dw The gauge sector

4 B |
/ / DF=gh — z’ng.“%z _ig Y 2(“’) B
W., B =4 vector fields
#* Kinetic energy of gauge bosons #* Kinetic energy of fermions and
(gluons and EW bosons) interactions between the fermions

#* Give rise to boson self-couplings for represented by spinor fields 1 and

gluons and WEAK bosons the gauge bosons

¥ Interactions from the invariance of
g g’ the L under local gauge transformations
of the fermion fields

In this lecture we treat the study of the interactions mediated by Z/y, W=

v Motivation: we want to test the validity limits of SM
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Z. parameter measurements @ e*e" colliders (Vs ~91 GeV)

tree-level diagrams
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gv=(c -cg)/2
ga=(cL+¢cR)/2




ete colliders @ vs ~91 GeV: Vs scan > My, 6.4

IS i I I I I 0' |
Bl g oP-exi0009008V8  crsanaans *-3% M, is used as input to EW calculations
& | mem currently AM, ~ 2 MeV (LEP)
L L3 ,: 4 ° ° ° °
30 o 1* @ future e*e" colliders very high statistics:
—> Achieve precision well beyond LEP:
20F 1°* Statistical uncertainty: 4 keV @ FCC-ee
o Mggeuemetts rar kyes | * Dominant systematic:
i, 1 o Absolute beam energy calibration (FCC-ee)
............. L resonant depolarisation: AVs ~ AM, ~ 100 keV
"-.""1 RS T L (| \l/ Y/ ——

86 88 90 92 94 o Absolute momentum scale (LCF)
\/S = Ecm [GeV]

o Ap ~ A M, ~ 200 keV with J/ip mass (Kg — 7mm)

. [,=5,Tgq 31 +N, I,
* @Y .4 peak cross-section frcaaan sl

. . . . . 0 - 127 FeeF had
* Sensitive to Zee coupling and total width I'; , provides Nv Ohad = m2 @
* Limited by luminosity determination, . /

0 2
SL/L (Bhabha) ~ 104 (FCC-ee, LEP3, LCF) N, G) _ (12_3%) R _3_4
ete” — Yy ~ 2(4)x10°5 (FCC-ee, LEP3) ARSI N Sl

Lucia Di Ciaccio - Ecole de GiF, IPHC Strasbourg, 17-21 November 2025 5




Absolute beam energy calibration @ e*e” colliders @ Vs ~91 GeV)

P. Janot

® /s calibration from spin tune (V) measurements via resonant depolarisation

(spin tune = number of precessions per turn)

| 4 Bdipole
P~ Epean =€ BL/2TT

— o e o g,
/ -

Precession frequency v, proportional to B

To mesure v, = apply RF e.m.
field

1 Bdipole

apply -~
~o B,: oscillating field with frequency v

~ ~ < inonepointofthering _ - -

i IS

p Need to measure $Bd|

—~—
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Absolute beam energy calibration @ e*e” colliders

®  Common uncertainty across experiments

® /s calibration from spin tune (v,) measurements via
resonant depolarisation

m, N 8e Z

" Control of Vs uncertainties essential for precisionon My, ', , Agp

E [MeV]
44717 44718 44719 hep-ex/0509008v3
3 T —— — N | (approx. Error on

= i Origin of correction errors) my, I';
s [ o _+,_+_A__‘_ ..... MeV] [MeV]
~ i _Y‘_\\ + Energy measurement by resonant depolarisation 0.4 0.5
£ 05k N i 0o MeV Mean fill energy, from uncalibrated fills 0.5 0.8
a. Tt L S Dipole field changes 1.7 0.6
I o Tidal deformations 0.0 0.1

0L '.|." e’ energy difference 0.2 0.1

- + Bending field from horizontal correctors 0.2 0.1

v - 101 [P dependent RF corrections 0.4 0.2

R S — R N Dispersion at IPs 0.2 0.1

0.48 0.482 0.484

® Impact on EWPO uncertainty also from beam energy spread: OE

® @ FCC : 8E increases wrt LEP and may fluctuate (beamstrahlung)
Measured with ete 2 i (57) (arXiv:1812.01004)
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Luminosity measurement L. @ e*e” colliders

® Luminosity L from small-angle Bhabha-scattering Bl 1 1
. dN do
Y, Z d(cosf) /' d(cosb)
i i measure
€ & (counting) theory

" L uncertainty important for 69,4
( @LEP after combination contributes to ~ half its total error )

®  Main experimental error on L :
Definition of geometrical acceptance (use of special methods, or W mask)

® Theory error is the biggest single contribution (= 0.5%¢ @ LEP)

" Total error @ LEP : AL/L ~10-3 (ADL)
W (reanalysis 1908.01704 beam-beam effect:10-3 bias)

" @ FCC-ee (181201004) (use also ee->yY): — RV
AL/L: absolute ~ 104 (= reduction of factor 8 on AN,) —n

AL/L: Vs point-to-point 5x10-> (relevant for I',)
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Z. total width : I'; @ ete colliders (\/s ~ 91 GeV)

* Z total width, I'; , sensitive to fermion couplings and to BSM

At tree level:

I'z o= N

g22 My

48 T

(gv*+ 249

* Dependence on o, M, , My through radiative

corrections

* Currently AI'; ~2 MeV

* Dominant systematic:

AVs : point-to-point and absolute energy calibration

can be measured in-situ with pp events
AI'; ~12 keV @ FCC-ee
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In SM
I'y=XYe 250
Total Z Width
Experiment [, [MeV]
ALEPH iy 24959 + 4.3
DELPH)| meee | 4 2487.6 + 4.1
1
L3 P |—— 2502.5 + 4.1
OPAL —-.:—- 24947 + 4.1
! x> /dof = 7.3/3
LEP | o— 24952+ 2.3
1
common error : 1.2
|
10 35 -
. ]
1
1
1
1
S
8.2
210 “4
- N
= o = 0.11810.002
linearly added to
M, = 174.315.1 GeV
10 .
2.483 2.495 2.507
I, [GeV]



Z. Forward-Backward (FB) Asymmetry (here in pu channel)

dg,./dcos(6) [nb)

0.6

0.4

DELPHI 9

o

4—w

F——Li——H

Vs = M,-2 GeV ++

95

e'e” > u'u (y)

VS=|WZ

i

.’.

Weg

cos(0,)

1

f

%k
e- 0 e’

do Vs = M,
— oC
d cos 6

e

(955 + 925095 + 92°)(1+cos 267)
+89,°979/ 9k cos 67

¥ Origin : parity violation in neutral weak

do interactions
— oC
d cos 6
(1+cos?60™ +8A5" cos 67)
2%

Arp’= Asymmetry @ peak
Asymmetries in Z final states
--> dependence on sin® Sy
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Asymmetries @ Vs = 91 GeV

Asymmetry

o.—0, 3 Left-right cle)-ol(e,)
forward- A, =2"% _"pp ; 8 Ap = L k- A
backward o.+0, 4 eam o(e,) +ol(ey)
polarization
2 2
A o 9vt/g9ac 9Lt ~ IRe
e L LR LN S L 71+ (gve/gar)? g%f_'_gfz{f
03F sin“0,, = 0.23147 = 0.00017 ]
. e 1 Asymmetries can be converted in a
0.0 A 1  measurement of sin’ Sy
AR gives the largest asymmetry and
0.1 greatest sensitivity (high slope)
of
Polarisation easier @ linear collider
] to work with polarised the beams

- i L L L l L L L l 1 L L l L L
04.21 022 023 024 025 0.26
sin“0,,
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EW parameter: sin? 9.7 @ pp colliders (vs ~91 GeV)

2
" Tension between the most sensitive results sinZg Oy = ( — Z—‘Q”) K
@ ﬁi) colliders : g /‘
* Forward Backward Asymmetry (Agg) in qq — Z (—1I) e.w. corrections

* Angular decomposition of the cross-section qq —Z/y* — 1l
* Parton Distribution Function (PDF) source of main systematics

* Prospects for reaching LEP+SLD uncertainty at the end of HL-LHC
ATLAS Simulation Erel[mir]arx

0.23152 + 0.00016
—_— 0.23221+ 0.00029

LEP-1 and SLD: Z-pole average
LEP-1and SLD: A’y

—> tension

SLD: A, — S S 0.23098 + 0.00026
Tevatron B ~ | 0.23148 +0.00033
LHCb: 7+8 TeV . " | 0.23142+0.00106
CMS: 8 TeV i o "~ | 0.23101+0.00053
ATLAS: 7 TeV N o ~ | 0.23080 + 0.00120
ATLAS Preliminary: 8 TeV i ~ | 0.23140 + 0.00036
HL-LHC ATLAS CT14: 14 TeV B ~ | 0.23153 +0.00018
HL-LHC ATLAS PDF4LHC15,, ,.: 14 TeV | ~ | 0.23153 +0.00015

HL-LHC ATLAS PDFLHeC: 14 TeV 0.23153 + 0.00008

023 0231 0232
sin’e’, 12



Extraction of sin? Se;«"} @ e*e” circular colliders (Vs ~91 GeV)

* ete” colliders unique power for sin? 9.4 determination @ M,

0,f 3 gve/ gas <
Avs = ZACAf As :21 + (gvi/gag)? 08¢
@ LEP A, asymmetries used to extract sin> O, o
sin20. L = 0.23153 £ 0.00016 05|
* @FCC éextractionofsinzﬁgff fromete 2 urw | il
assuming lepton universality 0 02 04 06 08 T

sinzefe
Uncertainty ~ 5 *10°¢ (factor ~ 30 smaller wrt LEP) (main uncertainty ¥

point-to-point energy error)
* Using T polarisation measurement avoids assumption on lepton universality

p. = dlor—a) /d(or+o) _ As(1 + cos? 0) + 2A.cost
d cos / d cos 6 (1 + cos?6) + 2.A¢A. cos O

(v, flies in the same (opposite) direction as T for L(R) in the T center-of-mass)

@ LEP several T decay modes were used. Main uncertainties: from Tt BR and
hadronic Tt decay modelling

- @FCC uset =2 ov  Uncertainty on sin? 9.4~ 6.6* 10°
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My measurement : probe BSM via electroweak precision tests

* Comparing indirect to direct Myy measurement tests SM internal consistencv

H
- BSM probe
;
V/ T 1
Mw =
V2GE sinOw V1 — Ar
; 80.5 1 I I I I I I I I 1 1 I I I 1
3 [~ 68% and 95% GL contours
— B direct M,, and sin S} - measfurements
E; B it wio M,,, sin (e ) and Zwid:ihs meagurements
80.45 fit w/o M,,,, sin ( F ) and MH measurements

B fit w/o M, sm( i M and Z?widths measurements

:
//

\‘ ™

sin®(e},) = 0.23153
+0.00016

80.3 1 I 1 1 1 I é
0.231 0.2315 0.232

Sin? O .
* Current results consistent with the SM relations

M,, =80.379 £ 0.013 GeV

80.35

A / T
II|II:II|IIII|IIII

LN L B N L

€] fitter|suf

sin’(6.,)
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My measurement @ pp colliders

normalized number of events

* Use W leptonic decays with p or e

* Two main (complementary)

LIS L [ N [ L

variables sensitive to My

F i
0.05— | 90,035 T T T T TT T I T T T[T T T T[T I T T T T
- No detector - 5 [ pWVz0 4 ]
L . i o C N
o.0al effects: : s 03¢ 1) no detector E
o 1)p=0 B 8t 2)detector ;
C 2)p W20 : £0.0251- -
¥ Pr 0 W2 0 i 2 effects .
. With detector] - ]
002 effects 1 Soots] - - Neutrino
: : 0 01; _E L'll;ierl)'mg-é\ ent
0.01— ] ; . Hadronic recoil
; 1 oo E
ol L1 L1 1 0_ | ) decdal T_-
10 20 30 40 50 60 70 40 50 60 70 80 90 100 110 120

MTW (GeV) = \/Zpgpp%(l —cos Ap(l,v))

* pr'®P more dependent on physics modelling

* MyW degrades at high pile-up
Challenges:

, but less dependent on modelling

Ultra-precise detector calibration ~ 104

Accurate theory predictions
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My measurements

CMS
I I 1 l | I I
o « my in MeV
ectroweak fit
PRD 110 (2024) 030001 I 80353 +6
LEP combination | gp376 + 33 : " :
Phys. Rep. 532 (2013) 119
DO . .
PRL 108 (2012) 151804 Sl e ?
CDF 5
Science 376 (2022) 6589 | 20400 £ 94 e
LHCDb 80354 + 32 ]
JHEP 01 (2022) 036
ATLAS + -
arXiv:2403.15085 Sl "
CMS §0360 5 1 0.9 - arXiv:2412.13872
This work e
1 1 : | J | 1 1
80300 80350 80400 80450
mw (MeV)

Current uncertainty AMy, ~ 10 MeV (LHC)

" @ p(;_)) colliders: PDF main source of systematics (followed by QCD modelling)

AMyHLTHC 5210 MeV ( AMw*PF ~2 MeV with LHeC )
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Measurements of My @ e*e” colliders

. : . e’e” cross sections
* e*e” colliders have a unique power to measure z 10 g1 T T

N

directly My = prl | 98@
W*W= Pair Production 106;

¢ W © 105;

e ! W e o

10

Two approaches:

1 I 1 1 1 I 1 1 1 I 1 1 1

1. Measurements at WW threshold 0 200 400 600 800 et
2. Direct reconstruction of the W mass (+ kinematic fit)
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Measurements of My @ WW threshold(@ e*e- colliders )

* Scan : cross-section vs. beam energy

* Best sensitivity @ Vs ~ 162.3 GeV where dependence on Iy, ~ vanishes

* With 2 or more energy points measure mass Myy

—_
N

3 FGCoe W-pair freshold and width I'y, simultaneously
= ¥ fmwf80.385 GeV TI,,=2.085 _GeV .
S (ol M 50395 Gev,, Tt 6 3088 Gl | AMyy 2t ~ 400 keV (FCC-ee)
o)
' ALyt ~ 1 MeV (FCC-ee)
s-CDR . .
. * Dominant systematics
6 " absolute beam energy calibration
L | * Assuming 300 keV on Vs with resonant
| depolarisation
ol AMyy ¥t ~ 150 keV (FCC-ee)
=S YFSWW3
?és 160 165 1;0
Vs (GeV)

- With 12 ab-! : AMtty ~ 0.5 MeV within reach
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Direct Measurements of My (@ e*e" colliders )

4= — 1C kinematic fit - .
@ Vs ~160 GeV (WW threshold) & Vs ~240 GeV | — RawMass oo 37
0.08L Std Dev 5.16.2
* My through direct reconstruction of decay -
products with kinematic fit( as in LEP2) o6~ qqlv channel
- 162.6 GeV
0.04—
- WW - qquv
* Best sensitivity from the WW = qqlv channel  °%-
% Avoid issues with color reconnection I M M s o

M,, (leptonic mass) [Ge\:

% Allows to fully resolve the neutrino kinematics
in the kinematics fit (4-3 = 1 constraint )

% Use also the constraint that W masses are equal (2C fit)
% Dominant systematics :
Absolute energy and beam energy scale calibration
Hadronization
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Observable present FCC-ee FCC-ee Comment and
value + uncertainty Stat. Syst. leading uncertainty

mz (keV) 91187600 + 2000 4 100 From Z line shape scan
Beam energy calibration

I'z (keV) 2495500 + 2300 4 12 From Z line shape scan
Beam energy calibration

sin? 65 (x109) 231,480 + 160 1.2 1.2 From A}y at Z peak
Beam energy calibration

1/aqep(m3) (x10?) 128952 + 14 3.9 small From A}y off peak
0.8 the From Afy on peak

QED&EW uncert. dominate

Rf (x10%) 20767 + 25 0.05 0.05  Ratio of hadrons to leptons
Acceptance for leptons

as(m2) (x10%) 1196 + 30 0.1 1 Combined R”, T, o0, fit
0P, (x10%) (nb) 414802 + 325 0.03 0.8  Peak hadronic cross section
Luminosity measurement

N, (x10%) 29963 + 74 0.09 0.12 Z peak cross sections
Luminosity measurement

Ry, (x106) 216290 + 660 0.25 0.3 Ratio of bb to hadrons
AR (x10%) 992 + 16 0.04  0.04 b-quark asymmetry at Z pole
From jet charge

APF‘;’T (x10%) 1498 + 49 0.07 0.2 7 polarisation asymmetry
7 decay physics

7 lifetime (fs) 2903 £+ 05 0.001  0.005 ISR, 7 mass
7 mass (MeV) 177693 + 0.09 0.002 0.02 estimator bias, ISR, FSR
7 leptonic (pvuvt) BR (%) 1738 + 0.04 0.00007 0.003 PID, ¥ efficiency
mw (MeV) 803602 + 99 0.18 0.16 From WW threshold scan
Beam energy calibration

I'w MeV) 2085 + 42 0.27 0.2 From WW threshold scan
Beam energy calibration

ag(m?,) (x10%) 1010 + 270 2 2 Combined R, , T, fit
N, (x10%) 2920 + S0 0.5 small Ratio of invis. to leptonic

in radiative Z returns

Many measurements
(top measurement
not included)

Systematic projections
should be intended as
targets for detectors/th.
calculations
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Study of multiboson processes. Why ?

Because it allows us to study this piece of the e.w. SM lagrangian(*) :
1 1 __ .
- v . _ ;
£K1n _Z B,uz/ B/U/ _ Z WZV WZ i=1,2,3 B;Ll/ — @#BI/ — al/B;L
W, = 8, Wi —8,W: — ge* Wi wk
Triple gauge coupling (TGC) Quartic GC e pev ¥y —d ol

WA 7 W w Y,Z
4

* Test of the non-abelian structure of the EW interactions

* Constraint on BSM
* Probing the EWSB through the scattering of EW gauge bosons

Goldone equivalence theorem:
At E >> My, the amplitude for scattering of a longitudinally polarised massive gauge boson

becomes equal to the amplitude for scattering of the Goldstone bosons (~ —mf/v*)
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WW: anomalous Triple Gauge Couplings

= 9077 ' l - P
o — a LEP
et é | PRELIMINARY
Z[ (dim-6)
: — only v . 4
Ve £dlm_6 Z A2 O - 20 exchange (Gentle) ’,c"' |
e - F '."' no ZWW vertex (Gentle)
P A
e~ W= Z 2 i
;" , 1% ~1Ci M -
a {'I' ’ { / W/Z} A cancellation !
10 - /4 T
‘:" ' YFSWW/RacoonWW
o Z" First evidence of TGC
Very active field @ LHC 0l | | | |
160 180 200
: . : 7 . —
* High statistic and energy very important | S s
( energy gI'()“]th Of relevant Operators) lg 6 -_ ..................................................................................... ::tz::ﬂ
. N 2 5L W g s
- pp collider favoured but the precision £
) . o 4
allowed by kinematic fits helps when =
: : 3 3
angular variables are exploited >
s 2
* LCF has powerful constraints thanks to <§
initial state polarisation g

A gZ
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Scattering of EW gauge bosons

( Effective W approximation ) WW = WW

w
e Saatll
Ve - HI
-
e POV S A
W
1014 I I
OBorn . (a) oo /\,\.@@3
pb 10 - (b) ------ &
0 (a)+(b) —-—-— /"?;6(\'
Lo : T @40+ P }
The unitarity cancellation /6;’3‘)%
8 |- ///, —
ensure that V; V;, 2 V.V, 10 P .
° /// g ~
‘cross-section’ decrease 100 o -
° ° pd 1 S
as 1/s at high energies . boson_coup‘“ﬁg/
L 7 - U - ,./"'/- —
= '\'h\*ee&&fo‘"r gaf T
102
109 My = 100 GeV
| | | |
200 500 1000 2000 5000 10000 +/3/GeV
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Scattering of EW gauge bosons

q q q W+

- ) % Look for VV jj
% Challenges:
W ! * pp> VYV jj low cross section
‘ 7 ' v *The LL component is ~ 10%
EW production Strong production

* High bkg from strong production

@ pp colliders same sign WW scattering is the golden channel greatly
reduces background from strong production and removes s-channel Higgs process

* @LHC (Run 2, ATLAS) first 3. 3 o evidence for at least one longitudinally
polarised W boson in W*W# scattering

* @HL-LHC expect to observe with > 50 and measure W W, jj [arXiv:2504.00672]

% V. V| can be probed @

FCC-hh
muon collider (up to 10 TeV)

linear colliders (ILC, CLIC, ...) (up to 500-3 TeV)
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m; [GeV]

178

176

[N
~
S

170}

80.33 80.34

~
N

ESPPU 2025 Briefing Book

@ Current
@ HL-LHC

L, ... aaCMS, 2024
“ g MW

*.. HL-LHC

FCC-ee

. 68% prob. regions from EW fit

2 ap HL—LHC+LCF2/250/350
< > HL-LHC+FCC-ee
Direct determination

<5 LCFz/250/350

PDG, 2025
t

------
L]
----

.

.
-
-----------

80.35 80.36 80.37 80.38 80.39
My, [GeV]
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Dashed ellipses
indicate

“conservative scenario”
for theoretical
uncertainties (likely
realised improvements)
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Conclusion

Accelerators offer a unique opportunity : high intensity and energy with known
and tunable initial conditions

Many aspects of cosmology and astroparticle rely on particle physics

The LHC the most versatile science machine ever built:
SM: EW, Higgs, QCD, flavour, BSM searches, quark-gluon plasma

A lot of data in the near future : Runs 3-5 are 95% of the full (HL-) LHC dataset
- for the next 25 years the LHC will be THE machine to explore the TeV scale

In the longer term an accelerator (whatever it is) capable to do the most precise
Z,H, WW, top physics is the best option

The FCC integrated programme has (overall) an impressive reach for exploring
fundamental interactions at energy scales of tens of TeV and beyond.

The (physics) program of the LHC is filled with exciting opportunities for Early
Carrer Scientist

Lucia Di Ciaccio - Ecole de GiF, IPHC Strasbourg, 17-21 November 2025
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It is very valuable when doing precise measurements to use very different methods

15 (PS)

1.6

0.8

AVERAGE B HADRON LIFETIME

1.4

1.2

minated by measurement
ng decay lenght

d A
P ]
e o © o |
® Dol
Usi
@ 8 .
¢ |
Based on impact
parameter
. (resolution function) |
pif g g fog g o g 4 §igcg g fBogug oy § ogingog ) peigigiif g gy
1986 1988 1990 1992 1994 1996 1998 2000

Year

Lucia D1 Ciaccio - Ecole de GiF, IPHC Strasbourg, 1/7-21 November 2025



Kinematical fit

Final state has known energy and momentum: Vs, 0,0,0) e*e" > W (q q) W (qq)
Total energy and momentum are conserved : ete- > W(l nu) W(qq)
E,+E, +E;+E;- Vs =0 ete” 2> f+,+3+f,

PEVE + PRYE 4 pEYE 4 p XYL =0
In semileptonic final state 1C fit (neutrino kinematics unknown)

In fully hadronic final state 4C fit
Additional constraints from the W masses (Myjep= Mwguark)

Thesis Beguin

0.06— 2C kinematic fit Mean 82.55 0.06— ___ 2C kinematic fit Mean 82.55

- —— 1C kinematic fit b - —— 1C kinematic fit S sy _Bof
0.05— Raw Mass Mean 81.15 0.05_— —— Raw Mass Mean 82.01

- Std Dev 10.73 . Std Dev 9.121
0.04{— Mean  84.62 0.04— Mean  80.1

- Std Dev_13.27 : Std Dev_8.894
003l From ptand v 0.03]- From quarks
0.02f— 0.021— 240 GeV

- WW - qquv -
0.01— o1

» MWlept - Munark

e 1 Ll 1 1 I Ll 1 1 I - %O 50 60 70 l8() : 90 — 11 OO 110 120

% 50 60 70 80 90 100 _ 10 120 M, (hadronic mass) [GeV]

M,, (leptonic mass) [GeV]
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Kinematical fit

Final state has known energy and momentum: (\/ s,0,0,0)

Total energy and momentum are conserved :

E,+E, +E;+ E,-Vs=0

Pyt + pr*YE 4+ patY i+ ptyr =0

1 1
B B

y y

1 2
BB

L1 [ ]|
B B || E, | | o
DB E || o
gopi | B | o

Jet directions (3; = pi/E,) are very well measured =

Jet energies determined analytically by inverting the matrix

Additional constraints from the W masses
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Color reconnection
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EW bosonic operators From effective lagrangian to SMEFT

JIK wilviw Jew Kp 8d? = ull . W l(' Sv
Qw |¢ “'p w; u’p 91 = N, —s2 \ow ‘HwWB T 1 ‘Hp T OV |,
Qg | KWWK P L
- —— 0" = 333— (QSWCWCHWB+ZCHD+6U)
W~ Sw
2
U° Caar
o = —XC
AZs, HWB
i
/\ﬁ7 — A 2 31"!“ Cg“
z a7
A — A2 34‘!“.' C3“

Operators contributing to VVV vertices and Higgs-VV vertices
Changing (Z/y)WW,

Wi vertices spoils high
energy cancellations
TTTTH T between contributions
w2 Leads to concept of

global fits
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" Motivation: test of the SM consistency - improve mass reach in indirect

oglg[ %]

search (equiv. to factor 5-10 in mass)

EFT fits of EW+WW-+Higgs observables

® HLLHC+LEP2 (m +FCCee ® +FCCeh ®m +FCChh 1
"OFFCCCOR T oonpmb uncortantes | HEPTT
: aTGC
10 i
| 1§ ™ A Z-pole program
nl 1% important for the
K3 robust extraction
010 L of the. Higgs
’ : couplings
0.01

eff eff eff eff
GHuy  GHrr  GHee  GHe  GHbb  GHw  9GHy, 9Hzy 9Hgg 9HHH OG1z Ok, Az
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Expected sensitivity on mW ~ 10 MeV (with 200 pb-1 of low-u data)

w
o

- | | | | |
- ATLAS Simulation Preliminary B stat. @ POF -

o5 [ Vs=14 TeV, 200 pb™, <u> =2 Bror
- my, from m; & p_

A m, [MeV]

(\®)
o
T T

15

IIIIlIIIIllIIIIIl

10

CT10 HL-LHC LHeC CT10 HL-LHC LHeC
nl<2.4 E <4
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At Hadron Colliders: a Complex Picture

Factorisation: phenomena at
different time scales factorize

t, Z, W, H
heavy state

PDF = Parton
Density
Functions

(describing the

underlying momentum distribution
m of partons in proton)
PDF PDF

-> separation between phenomena @ high- and small-Q scale
The former are computed exactly, the latter are approximated or modeled

The factorisation scale /i arbitrarily separates hard from soft scales

Many aspects of QCD can/must be understood !
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Variables used in the analysis of p - p collisions

Boost of parton-parton center of mass along beam line unknown
-> use transverse quantities (in the plane L to the beam):

* Transverse momentum/energy : pr=p sin 0 Er=E sin 0
* Missing Transverse Energy : T)T mis— . ¥ . ET E, mis= II_;T mis|
* rapidity Y = - In E+p, Nis:
2 E-p, R \
. Fo PR s - /' \
Angles : ro s p ﬁ]ru \‘
* pseudorapidity n =-In (tan g_) i = s im_
‘\\ II, p be beamp ‘\\ I’,

° / /
* azimuthal angle O \ / \

Important:
o yin E; =Y i E; ~ () - Allows to evaluate the B; of particles not detected (v)

* pr and AY are invariants for Lorentz transformations along the z axis
‘m«E 2 Y=n (ndoesn’t require particle identification)
m«E 2 pr=E;
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Kinematics of p - p collisions

Z
P- P collisions :

xlpbeam x2pbea
p beam — > / - l Ek:ea m
—

¥ 4-mom of the initial partons : [ (x;+x,)Ep.ums 0, 0, (X;-X2) Ppear]

[d ® [ A
#* Effective collision energy = vs=0= vx,x,s
ycm —_ rapl’dl‘t}) Of ~a E T T Ty ™3 T T

| i > as an
T (L‘l 9 = Q (A Yem the c.o.m. of the §108§ g :: u: : :::::ly pI .
? o4 as Q) atecau
,\/S parton SyStem 010 7 - @ D0 Central+Fwd. Jets I
- CDF/DO Central Jets I
6f. == m
F T TevatonveiboTev [
] ;j-ff-j-LHC \s=7TeV 1 1050 e
e LHC,Ns=10TeV. acous
i LHC \J_"'14 TeV 104 oo =ses
ot Rt - O3 suac | Mgy
] 10 SNy
. f = .'~1 /
N 2 K s, e i {
10° i
\s=1.96 TeV E M= 100e |
- ; ||||Il|
= \s=7 TeV : Ll |l|| "H A
- 2] \s=10 TeV ] "
: : ] ; : \5=14 TeV - ‘ i i I’ll |||| |'|| l"l |"|!|| ‘ 3
I S i 7S D R VPR Sl TN (R Sk 1 e I Yo S= e 1 [IIEHE 4
0 05 1 16 2 265 8 107 | '
Rapidi z : 7 z : .
pidity [y, | o % et oa0® wF et

X l Xmin 1 Xmax ]
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