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SM £ BSM

LHC Fubure:

SM Precision Tesks * 2SM Precision Searches
(tailored to SM) (tailored ko BSM)

EFT provides a catalogue
of the most relevant targets

Priority: optimal analyses for individual operators

g Ulkinmale barqgel: global fik



SM #£ BSM
1. SM-BSM Nown-Interference

(and what measurements resurrect k)
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Interference Resurrection

Focus on , with these orpera&ars Ehat
do not interfere with the SM
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Differential measurements WY

Panico,FR,Wulzer‘17,
T A Hagiwara,Peccei,Zeppenfeld,Hikasa’'86
Duncap, r;e,Repko'Sé

SPua-1: Heliciby #3/1x bn SM/BSM
¥ Quantum mechanically different, no interference



Differential measurements WY

Panico,FR Wulzer’17,
T A Hagiwara,Peccei,Zeppenfeld,Hikasa'86
Duncap, (;e,Repko'Sé

SPua-1: Heliciby #3/1x bn SM/BSM
¥ Quantum mechanically different, no interference

Decays ko sp&m“l/Z: Hetiai&v +1/2 =1/2 i SM and i BSM

> @M same, interference possible
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Dibferential measurements WY

Panico,FR,Wulzer‘17,
T A Hagiwara,Peccei,Zeppenfeld,Hikasa'86

Duncaps

(;e,Repko 86

Int“" = 2g¢%sin® AT [AM+ AT |cos 2¢ .
Int?* = 2ig%sin OABSM_[ S_l\i—AiM_]sin 20

Differential azimuthal diskributions = SM-BSM interference
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Azimuthal Angle... in reati&v

Neutrino: from missing energy + reconstruct W mass

2) Some events: m3i > miy
(off-shell, experror)

reconstructed as m?2 =m?,

1nv

CP-odd unaccessible’

p=m/2 or @=-—m/2.

Panico,FR Wulzer’'17



Resulks
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Resulks

pp > Wy (LO), 3ab '@14 TeV
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Diskributions to distinquish effects

When more BSM effects (OF'QT&&OT’S) are included, distributions
allow access bo individual ones
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SM £ BSM
2. BSM Small U inclusive measures
(and where to looik)



Longitudinal Polarisations in Dibosons

Franceschini,Panico,Pomarol,FR, Wulzer’l7
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Longitudinal Polarisations in Dibosons

Franceschini,Panico,Pomarol,FR, Wulzer’l7
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Longitudinal Polarisations in Dibosons

Franceschini,Panico,Pomarol,FR, Wulzer’l7
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Fully leptonic WZ

F?“"T‘ cult on exkra radiakion: Cosf cut close ko cenktral
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Resulks = NLO - LHC

Franceschini,Panico,Pomarol,FR, Wulzer’l7

Measuremenks here have
wider Lmﬁerpre&aﬁom LA
N - kerms of UV models
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¢, 1072 TeV 2

Franceschini,Panico,Pomarol,FR, Wulzer’l7
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SM # BSM
3. BSM i Mulkibosowns

(F?rc:;c:@.ssas that are not par&&utartv interesting it SM,
are sewmsitive to BSM)



HL-LHC Reach (3000 {b-1)

Higgs couplings are measured U processes with on-
shell Higgs (E=125 GreV)
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HL-LHC Reach (3000 {b-1)

Higgs couplings (HC) are measured in processes with on-
shell Higqs (E=128 GeV)

/
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HL-LHC Reach (3000 {b-1)

Higgs couplings are measured U processes with on-
shell Higgs (E=125 GreV)
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Higqs COMPLEMQS... without a Higgs (HwH)

modifications of Higqs couplings induces
2 growth U process with longitudinal WZ bosowns!
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modifications of Higqs couplings induces
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modification of top-yulawa



Tolfo Yukawa... without a Higgs

modified Top-Yukawa iy <> |H|*QHty
A2



TOF Yukawa... without a Higgs

"= (h f:qs())
modified Top-Yukawa iy <> |H|*QHty
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TOF Yukawa... without a Higgs

"= (h f:qs())
modified Top-Yukawa iy <> |H|*QHty
A2

|H? = = (v® 4 2hv + h* + 26T ¢+ (¢°)?)
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Top Yukawa... without a Higgs

"= (h f:qs())
modified Top-Yukawa iy <> |H|*QHty
A?

H[* =

(v* H 2hv + B2 + 20707 + (¢°)%)

| —




TQP Yukawa... without a Higgs

Another way of understanding E-qrowth: ( o )
R
modified Top-Yukawari <> |H] H|2Q btr

2
A Goldstones = W, ZL

- 2 2h’U—|—h2 W2¢+¢ﬂ+(¢0)2)

stakistics _
Sl




Top Yukawa... without a Higgs

Anocther way of understanding E-qrowth:

¢—|—
v 7= (h+z’q§0>
modified Top-Yukawari <> |H] ;QH tr
AZ - Goldstones = W, Z.

2 — (2 2 | ot - 0)2
P =5 (0 H Zho+ 14267 +(6°)°)
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TOF.? Yukawa... without a Higgs

Anocther way of understanding E-qrowth:

¢—|—
v 7= <h+z’q§0>
modified Top-Yukawari <> |H] ;QH tr
A= ——&oidstones = WLzt

| | %
i} 2:1‘1 2 2 + 0\2
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“T“op Yukawa... without a Higgs
a:pp — V'Vt




Top Yukawa... without a Higgs

pp — VVit
SM sighal classified bj #L@.Fvﬁams'
Process (0T | 0F0% | 30(40)
WEWT 3449/567 1724/283 216/35| - -
WEW*12850/398(1425/199| - |178/25| -
W*Z [3860/632| 965/158 |273/45| - |68/11
77 |2484/364 - 351/49| - |(12/2)

pt. > 250 GeV / ph > 500 GeV
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Top Yukawa... without a Higgs

pp — V'Vt
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Process (0T | 0F0F | 30(40)
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TOF Yukawa... without a Higgs

pp = V'Vt
SM SLSMQL @LQSSUFL@_C& b.j :#LE*.F?EZOMS' v— 72L: Small Background
Process 0F0F | 00T | 30(40)
WEWF 3449/567 1724/283 216/35| - -

WEW*12850/398(1425/199| -  |178/25| -
W*Z |3860/632| 965/158 |273/45| - |68/11
ZZ |2484/364 - 351/49| - [(12/2)

ph > 250 GeV / php > 500 GeV

OMLv channel s %;}LE.L‘X 2 LQP&OMS \ Constraints from pp - jtVV at HL-LHC .
(small B) YRR, d 201
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Top Yukawa... improvements »o,

f?r@‘s,;a
Same ampt&ude enters in nmany channels...
Legs Order Diagram Channels | Xsec|fb] | QCD bgnd | L/T sigmat i LOMQ}L&«L:&&M&L
QCD L W 0.7 0.03 Larizobions
WE 77 0.4 0.03 / polarizations
) thIVE W+ 3.5 0.107
1 =4 EW N b W T F 3.5 0.20
o thW=2 3.8 0.11
thz 7 0.02 0 0.09
2 HZWW 0.083 0.03
QCD e tZZ2 0.008 0.04
>"5 : tbW W W 19 0.04
t toW 22 3.8 0.07
itz 0.1 0.20
o ’%’. (W= 0.3 0.32
Ew rd ibZ 0.2 0.31
) tbW=*(SS) 0.9 2 0.29
23 HIVE(OS) 19 0.45
e W W F 75 167 0.15
» W EW* 75 458 0.13 i | .
4 S
, thW=2 26 215 0.15 E @h&hﬂét SLM‘OM‘
o thZ Z 4 0 0.07
, e L IWEWEWE 0.7 0.03
EW QLD X | wrzz 0.4 0.03
. tWiw¥ 4 7.15 0.09
= (WE W 3 64 010 « g0 {Q
Wz 0 75.4 0.07 r
tZ7 5 2.64 0.07

more channels
background estimate

differential distributions {inko larqer £2)

Further tm Frcwamam&s:



HwH Program |

K+t

HI*QHtr

H|°

HGa, G

H|*B,, B"
HPWe, W

|H|?0,H"0*H




More Top and Higqs ak Higkmﬁimmgv

Top-Higgs: well motivated by naturalness
Other Top-Higgs effects grow in single-top

((H'D,H)(ty"t)

Dror,Farina,Salvioni,Serra’lé

Degrande,Maltoni,Mimasu,Vryonidou,Zhang'18

W.Z, H
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Maltoni,Mantani,Mimasu’l9



Messaqe

P More Luminosity -> access to new observables:
P high-enerqy tails
B multiditferential distributions
» multiboson processes

P Important to tailor analysis to BSM effecks in form of EFT operators

. Many OFFOrEuhiEE,@_s for impravameh& (aon&rarv to HC):

i |
1000
m(ee)




