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A trick of the tall

Precision with hadron colliders? Yes!
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Diboson processes offer a window
Into EW and Higgs dynamics.
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New collider, new possibilities

For pft > 550 GeV: pp — I/Vi h

Higgs decay Higgs BR nyr—rwc nNHE—LHC NEFCCO—hh
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New collider, new possibilities

For p! > 550 GeV: pp — W=h
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New collider, new possibilities

For p!t > 550 GeV: pp — W=h
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New collider, new possibilities

For p!t > 550 GeV: pp — W=h
Higgs decay Higgs BR_nus_wwe_nne_sme_nrec m Vi<
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FCC-hh will open new channels. How will they compare with the known ones?
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The process of interest




Vh  What New Physics can we probe?

Assumptions: SMEFT + Dim. 6 op. in Warsaw basis
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Vh  What New Physics can we probe?

Assumptions: SMEFT + Dim. 6 op. in Warsaw basis

() n High energy behavior
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Double binning for the win
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/Nn. Double binning for the win
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/Nn. Double binning for the win

<103 400 < Pr.h < 600 GeV
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Differential in py and rapidity (only FCC-hh)
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(Slightly different rapidity binning for Z — vv)
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Diphotonic Vh, a summary

arXiv 2004.06122 (JHEP 07 (2020) 075) arXiv 2011.13941 (JHEP 04 (2021) 154)

pp =+ Zh = L' (v7) 17
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Vh Diphotonic channel in perspective
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Let them be gquarks, Vh

pp — Vh — L(v ()bb



Vh. 95% C.L. on &) with h - bb

V(h—bb) @ LHC
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with h - bb
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Vh. Rapidity binning effects

Zh at FCC-hh 100 TeV, 30 ab™!, 1% syst.
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Vh Sizeable impact on aTGC bounds

FCC-hh 100 TeV 30ab ', 95% C.L., 5% Syst.
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Conclusions

At FCC-hh, there will be new diboson channels to do precision
measurements, such as (W,Z) h with h - yy.

With a simple pr binning, they offer competitive sensitivity to 02;2.

In Zh, a binning in rapidity improves the sensitivity to 05’)13_
h — bb allows to perform these studies at (HL-)LHC, but with limitations.
h - yy and h - bb at FCC-hh achieve similar results in different ways.

Wh and Zh with h - yy are not exploration channels, but important to probe
different directions.
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Diboson in the present

ATLAS, Eur. Phys. J. C 81 (2021) 2, 178, ArXiv: 2007.02873

(W/Z) h @ LHC ATLAS, Phys. Lett. B 816 (2021) 136204, ArXiv: 2008.02508

CMS, JHEPO7 (2021) 027, ArXiv: 2103.06956

LHC s— = C C - h

C.0.M. energy 14 TeV 100 TeV
Int. Luminosity 3 ab-! 30 ab-!
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The University of Manchester

Al.



FCC-hh: The LHC of the future

—LHC

2021-2025 === Feasibility study —FCC
- CLIC

2030-2045 ====» Construction =1 limestone

molasse
] subalpine

1 molasse

2045-2060 === ECC-ee operation

2070-2095 ™= ECC-hh operation

Préalps

Timeline from talk by M. Benedikt (CERN) at FCC Workshop 2022
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Why Effective Field Theories?

® The main idea behind EFTs is in all fields of Physics.

® NP at a higher scale affect the interactions seen at a lower scale.

w I

2
_ g _ —
9 qaLY"Waar —— Y qrlc vl
myy

® Operators with dimension>4 encode the NP effects in the EFT.

® Offer a more model-independent way of searching for NP.
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Standard Model EFT (SMEFT) and Interference

® Field content and gauge symmetries of the SM and linearly realized EW sym.

® Add gauge invariant operators with dimension bigger than 4.

(6) (8)
L=1C =0 '
= Lo+ 32 G0l + Yo
() ()
® Leading deviations from the SM appear at dimension 6.

o = |Msnml|® + 2Re (MgpMEBgnr) + Mpsul’
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X (,’7;(6)/[\2

x (e /A2)2

Interference
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Wh.

Interference patterns

High energy behaviour

V' polarization SM Oy Opw Ouw
5 M,
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Differential in p;

Interference between same polarisation
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Wh. Interference patterns

Measuring angles resurrects interference




Wh. Interference patterns

With v reconstruction ambiguity Differential in h and
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Vh Binning in h — bb

Categories Variable (HL-)LHC FCC-hh
boosted £0,300,350,00} | {0,200, 400, 600, 800, o0}
O-lepton PT.min |GeV]
resolved {0, 160,200,250, 00} | {0,200, 400, 600, 800, 00}
boosted | {0,175, 250,300, 00} | {0,200, 400, 600, 800, o0}
1-lepton 1 |GeV]
resolved {0,175, 250, 00} {0,200, 400, 600, 00}
boosted {250, 00} {0,200, 400, 600, 00}
2-lepton PT.min |GeV]
resolved {175,200, 00} {0,200, 400, 600, 00}

MANCHESTER
1824
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Wh. How big is the background?

Events per bin for the relevant processes

FCC hh 100 Tev 30ab 1

1000 -

1..||‘| | |‘ |

Number of Events

m Wy
m Wy
m Wiy
m Signal

200, 400) 1400, 600) 60() 800) 1800, 1000) 1000 0)

P [GeV]
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Zh. Signal and background

® Whis part of the signal because it is affected by 0, .
FCC-hh 100TeV 30ab™t, Z — v
0t

w9~ Zh—vvyy mWh(—=vy) mvvyy

99 — Zh — viryy Wy

—_
-]
-
-

100- _f

10

Number of Events

—_
-
L

11200, 400] | [400, 600] | [600, 800] [[800, 1000][1000, 00)]
Min{py, E7"*°} [GeV]
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ZNn. More results

®  Events per bin for the relevant processes in the leptonic channel.

FCC hh 100 TeV SOab L Z > [Tl

1000 mag— Zh > 17 m vy o gg— Zh— oy
= 100]
= |
) i _
-
=10 f
3 | i
E—'D i
21 -
= |
Z

1071 :

1200, 400] |[400, 600] | [600, 800] [800, 1000][1000, 50|

Min{p%, p7} [GeV]
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Wh.

¢ 95% CL bounds

0.25!
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More results
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Wh. 95% C.L. on the bosonic operators

FCC-hh 100 TeV 30ab™* FCC-hh 100 TeV 30ab™ !, 5% Syst.
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Wh.

95% CL bounds summary

More results

MANCHII—E IlER
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Coefficient Profiled Fit One Operator Fit
—5.1, 3.4] x 1072 1% syst. —2.7,2.5] x 1072 1% syst.
) —11.6, 3.8] x 1073 5% syst. 3.3, 2.9] x 1073 5% syst.
—20.6, 4.1] x 1073 10% syst. —4.0, 3.5] x 1073 10% syst.
7.1, 7.9] x 1072 1% syst. —5.3,4.3] x 1072 1% syst.
Cow —13.0, 17.5] x 1072 5% syst. —12.1, 6.8] x 1072 5% syst.
—20.0, 25.2] x 1072 10% syst. —18.8, 9.0l x 1072 10% syst.
—6.4, 6.4] x 1072 1% syst. —6.1, 6.1] x 1072 1% syst.
Coiv —9.0, 8.8] x 1072 5% syst. —8.1, 8.1] x 1072 5% syst.
—13.5, 14.2] x 1072 10% syst. —10.1, 10.1] x 1072 10% syst.
Al4




Vh. At FCC-hh, photons or b-quarks?

FCC-hh 100TeV 30ab™" (Zh + Wh)
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Vh. Bounds for ng

FCC-hh 100 TeV 30ab~', 1-op. fit, (Zh + Wh)

1 - —— | % SySt

mean 10 %Syst

0.1
~ o) ~ (472 (AM17)
0'01? FCC-ee [1907.04
A=1TeV
0.001= + : Ly . A
0.5 1 5 10 o0

M [TeV]
A1l6.
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Zh.

¢ 95% CL bounds

FCC-hh 100 TeV 30ab~!

More results

) = coua=0(Zh)

¥Yq

FCC-hh 100 TeV 30ab !

3
4

— Ccpu,d =0 (Zh)

1- e == 1 % Syst. 1- e w1 % Syst.
-~ e D 0 Syt e D70 Syt
 LHC Run 1 [1600.06312] Q=" 10 % 5yst- . = v = 10 % Syst.
T BN LHC psosos2s2 N
0.1- A 0.1- A
o - 73 o z
5 K > i HL-LHC [1907.04311]
L “\\ L \“ FCC_hh
0.01- \VYZ@HL-LHC [1712.01310] : 0.01- )
A=1TeV - - A=1TeV
0.001— -+ v SR A 0] ) R ——— Y .
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Zh.

95% CL bounds summary

More results

Coefficient Profiled F'it One Operator Fit
[—5.2,3.1] x 1072 1% syst. [—2.1, 2.0] x 107* 1% syst.
) [—6.7, 3.3] x 1073 5% syst. (2.6, 2.4] x 1073 5% syst.
[—8.2, 3.7 x 1072 10% syst. [—3.2, 2.8] x 1072 10% syst.
) [—2.5,2.1] x 1072 1% syst. [—1.6, 1.6] x 1072 1% syst.
(+MC/¢;) 23.0, 2.4] x 103 5% syst. 2.0, 1.9] x 1073 5% syst.
(3.7, 2.7 x 1073 10% syst. [—2.4, 2.2] x 1073 10% syst.
[~1.3, 1.4] x 1072 1% syst. [—1.1, 1.15] x 1072 1% syst.
) [—1.5, 1.5] x 1072 5% syst. 1.1, 1.2] x 1072 5% syst.
[—1.6, 1.5] x 1072 10% syst. [—1.2,1.2] x 1072 10% syst.
[—2.0, 1.6] x 1072 1% syst. [—1.9, 0.89] x 1072 1% syst.
Cou [—2.1, 1.7 x 1072 5% syst. [—2.1, 0.96] x 1072 5% syst.
[—2.2, 1.8] x 1072 10% syst. [—2.2,1.0] x 1072 10% syst.
[—2.1,2.3] x 1072 1% syst. [—1.4,2.2] x 1072 1% syst.
Cood [—2.2,2.4] x 1072 5% syst. [—1.5,2.2] x 1072 5% syst.
[—2.3,2.5] x 1072 10% syst. [—1.5,2.2] x 1072 10% syst.
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Vh. Future experiments timeline

2021 2028 2035 2042 2049 2056 2063 2070 2077 2084 2091

LHC
e
380 GeV
CEPC
disie SPPC
hCC FCC-hh

A20.
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Vh Dimension-6 operators in Vh

( 4 ) ) —
- O_zwp =H'0*H B* W2 _ o
Opp = (H'D"H) (H'D,H) oWB =7 o 0B = (QrLo"v"Qy) (iHTa“DuH>
f N
Ouww = (Gro™up) 7' HW! ~ ot
Opw =H'H W W, uw = (7L r) P 0L) = (Qry" QL) (zHTDuH)
— — (A BV I I >
O 5 =H'HW*"T7g, Oaw =(qro”dp) T HW,, O = (BrY*uR) (iH"’DMH)
— q 'L“) 3 b A
O,p =H'H B" B, Ous = (qro"ur) HB,. Opa = (dpy*dr) (iHTDuH)
f N
—~ = v -
9) 5, IR BI B, Oip = (qro""dr) HB,., Ou, =H'H (qu HuR)
— yn o T g
O,wB —Hic®H B*W, Opud = (GrY"dR) (’LH DuH) o =H'H (g, Hdg)
\ ) \ J) )

— MFV suppressed Sub-leading energy growth —— No interference with SM for massless quarks
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