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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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The process of interest




Vh  What New Physics can we probe?

Assumptions: SMEFT + Dim. 6 op. in Warsaw basis
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/Nn. Double binning for the win
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/Nn. Double binning for the win
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(Slightly different rapidity binning for Z — vv)
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/Nn. Double binning for the win
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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 pl' > 550 GeV: pp — W=*h
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New collider, new possibilities

For p} > 550 GeV: pp — I/Vi h
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New collider, new possibilities

For p% > 550 GeV: pp — T/Vi h
Higgs decay Higgs BR ngr_rmc nNHE-LHC MNFCC—hh
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How will the known channels evolve from LHC to FCC-hh?

How will they compare with the new ones?
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Let them be gquarks, Vh

pp — Vh — L(v ()bb
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Vvn.

Boosted

ATLAS, 2008.02508

DOI: 10.1016/].physletb.2021.136204 28th April 2021

Measurement of the associated production of a
Higgs boson decaying into b-quarks with a vector
boson at high transverse momentum in p p
collisions at /s = 13 TeV with the ATLAS detector

The ATLAS Collaboration

Combining regimes
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ATLAS, 2007.02873

DOI: 10.1140/epjc/s10052-020-08677-2 9th March 2021

Measurements of WH and ZH production in the
H — bb decay channel in p p collisions at 13 TeV
with the ATLAS detector

The ATLAS Collaboration
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Resolved

Scale-Invariant
tagging

Gouzevitch et al, 1303.6636
Bishara et al, 1611.03860

ATLAS, 2007.02873
Wi t h u S e O f DOI: 10.1140/epjc/s10052-020-08677-2 9th March 2021

M ass 'd ro p tag g In g Measurements of WH and ZH production in the

Butterworth et al, 0802.2470 H — bb decay channel in p p collisions at 13 TeV
’ with the ATLAS detector

The ATLAS Collaboration
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Vh. Combining regimes

Boosted Resolved

Scale-Invariant
tagging
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Bishara et al, 1611.03860
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DOI: 10.1016/].physletb.2021.136204 28th April 2021 WI t h u S e O f DO 10.1140/8pje/610052-020.08677-2 ath March 2021
Measurement of the associated production of a M ass _d ro p tag g I n g

. . . Measurements of WH and Z H production in the
Higgs boson decaying into b-quarks with a vector h | H— bb decay channel in pp collisions at 13 TeV
boson at high transverse momentum in p p Butterworth et al, 0802.2470

ith the ATLAS detect
collisions at /s = 13 TeV with the ATLAS detector w ¢ elector

The ATLAS Collaboration
The ATLAS Collaboration

Adding Resolved category: 10-17% improvement at LHC.
+Projections for FCC-hh based on CDR
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Vh Direct comparison LHC vs FCC-hh

Vh( - bb) @LHC
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Vh Direct comparison LHC vs FCC-hh

Vh( - bb) @LHC ~ Vh(- bb) @FCC-hh (100 TeV, 30/ab)
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Vh. Rapidity binning effects.

Vh( - bb) @FCC-hh (100TeV, 30/ab)
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Significant impact on Ofpl; due to the lift of the cancellation.
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Vh. Sizeable impact on aTGC bounds

Universal Theories
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Vh. Sizeable impact on aTGC bounds

Universal Theories

HL-LHC 14 TeV 3 ab™1, 95% C.L., 5% Syst. FCC-hh 100TeV 30ab™ ', 95% C.L., 5% Syst.
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Clear complementarity among diboson channels
10.
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Conclusions

°w, Z) h is an interesting diboson channel that probes several operators.
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Conclusions

°w, Z) h is an interesting diboson channel that probes several operators.
® Asimple pr binning yields competitive sensitivity to Og’;.

® h - bb allows us to perform these studies at (HL-)LHC, but with limitations.

® Resolved events contribute non-negligibly.

® In Zh, a binning in rapidity improves the sensitivity to 02)13_
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Conclusions

°w, Z) h is an interesting diboson channel that probes several operators.

® Asimple pr binning yields competitive sensitivity to 05,;7’3.

® h - bb allows us to perform these studies at (HL-)LHC, but with limitations.

Resolved events contribute non-negligibly.
In Zh, a binning in rapidity improves the sensitivity to 02)13_
At FCC-hh, h - yy and h — bb achieve similar results in different ways.

Wh and Zh with are not exploration channels, but important to probe
different directions.

11.
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Appendix

For even more details, read our papers or contact us.



FCC-hh: The LHC of the future
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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’

<

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,
A=0 : Az A2 !
N g My \/g My \/g My \/g My
\/g A2 A2 A2
V=W, 2z 0,1 = 0%, 0. 0,.. 0,

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
2.0 1 | I Pt ¢W
- Vi=A=1TeV § .
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: 3 (pw — 7 — dw)
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: 1.0 [ l
& " O_’int
£ Opw
S 05 F
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Vh. Tagging algorithm

Final partons

Anti-k
Rmajor = 1.0 lRminOT = 0.4
> “Fatjets” “Minijets”
Recluster | C/A, Ryqjor
Output pr-leading jet
Output

MD-tagged?

’/\ Resolved

Boosted Yes No —»
event event

Al17

MR | Diboson precision measurements with the Higgs at FCC-hh and LHC | Alejo N. Rossia, 12 October 2022
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Vh. (b-)Tagging algorithm

3 (b, c,j) final parton within AR < R,,i5,0 Of Minijet

» b —tag for Minijet with prob. eff(gi%FCC

Enough for Resolved events

For Boosted events

v

+1 b-tag for MDT jet per b-
tagged Minijet within AR < 0.2

: . 0 if pr <20GeV 4.5

efbeHC _ 0 if pr <20GeV or |n| > 2.5 eﬂ:}jc,c_, _ { r 1T pr < eV or |?]| > 4.5
0.8 tanh(0.003p7) % else 0.85 else

i 1T _ =

offLHC — 0 if pr <20GeV or [n| > 2.5 offFOC — 0 if pr <20GeV or n| > 4.5
0.2 tanh(O.OQpT)m else 0.05 else

: - 0 if < 20GeV or |n| > 4.5

offLHC _ 0 if pp <20GeV or |n| > 2.5 eﬁfcc _ { Pr = ul 2
’ 0.002tanh(7.3- 1075 - py) else 0.01 else
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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 WjJ
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|
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Wh. 95% C.L. on the bosonic operators
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95% CL bounds summary

More results
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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.
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Vh. At FCC-hh, photons or b-quarks?
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Vh. Bounds for ng
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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.
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Vh. Sizeable impact on aTGC bounds
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Diphotonic Vh:
A summary from the future
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Vh Diphotonic channel in perspective
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Vh Dimension-6 operators in Vh
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— — (o BV I I >
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— q 'L“) 3 b A
O,p =H'H B" B, Ous = (qLo"ur) HB,. Opa = (dpy*dr) (iHTDuH)
f N
—~ 4= v -
9) 5, IR BI B, Oip = (qro""dr) HB,., Ou, =H'H (qu HuR)
— yn . T g
O,wB —Hic®H B*W, Opud = (GrY"dR) (zH DuH) o =H'H (g, Hdg)
\ ) \ J) )

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