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New forces

Major distinction between new force coupled to the beam at tree-level

both charged and neutral

and new force not coupled to the beam at tree-level

€ % both charged and neutral

both charged and neutral both charged and neutral
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Y’ gauge boson

The Y-Universal Z is selected instead of one of the standard benchmarks (such as the
Sequential or B — L models) for several reasons. It has comparable couplings to quarks and
leptons, allowing for a fair comparison between hadron and lepton colliders. Its couplings are
flavour-diagonal, making the model safely compatible with flavour constraints. When integrated
out at tree-level, it generates only the universal operator 0,5 in the SM EFT, with coefficient

cop/A° = g5 /(giM”). Since the sensitivity to &, is available for all colliders [39], a straight-

forward and rigorous assessment of the indirect reach is possible for the ¥Y-Universal Z' model,
while additional input would be needed for the standard benchmarks.

Briefing Book 2019



Bounds at hadron colliders

tree-level coupling to the beams

3
Y’ gz /g1 = 6- GV,q, = =9 GV,dr = ) "IVurs
gz /9 = —29vi, = —GVep-
/N
iy Eif?&? %iwx
L —D
D A

R. FrancesWste - BSM - Open Symposium European Strategy for Particle Physics 2025https:/agenda.infn.it/event/44943/




Bounds at lepton colliders

tree-level coupling to the beams

&M

> 5
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New Summal‘y (in progress)

W e —— kAdded muCol 3 TeV and 10 TeV (Abstract #207) and a
12} &/\»‘2‘6 > < rescaling of 100 TeV 30/ab FCChh to 85 TeV 30/ab (Abstracts
1o} s #227 + #233 #241 #242 #247 #2061 )
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oz v i) *Straight part of each bound from EFT bounds on ¢, from
R T I EW fit (e.g. PPG19, Snowmass 22, PPG2; ... ) — TBU

M [TeV
*KBottom line: Y-Universal Z’ representative of gauge boson coupled . . Y-UniversalZ

to all fermions; Higher energy projects can bring the largest jump in > 14p

sensitivity w.r.t. HL-LHC, up to O(10) stronger bound on the coupling 2}

*Updates foreseen: Update-able from EW fit result from EW PPG,

exploration of any difference from global < single operator for this
scenario in the updated fits
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*Questions and things still to do: what happens when not coupled

to beams? (partial answer in the next slides) 0'2
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New Summal‘y (in progress)

Y—Universal Z, 20

kAdded muCol 3 TeV and 10 TeV (Abstract #207) and a
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Many possible coupling choices
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Towards a summary plot

only lepton coupled at tree-level

< *Higgs Electroweak Top factory (HET) 2412.14241, 2107.11104,
| 2410.12903 (FCCee 4f, ££(+y) + monoy no det. sim, ILC Delphes
monoy). Harmonization and improvement needed.

KFCChh (no tree-level coupling to the beam) result from 2205.13552
for 100 TeV rescaled to 85 TeV

| SkMuC 2303.12804, 2205.13552 (EFT, direct 3 TeV, 10 TeV(TBU))

~ ESPP 2026: Preliminary |

_4 ] ] ] ] L4 1
1010‘1 100 10

My [TeV]

*KBottom line: lepton colliders very effective, very strong EFT bounds

*Thing to do: Harmonize lower energies e "e ™ information, try other scenarios in
which beams are decoupled from the Z’
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Conclusions

XK The landscape of new gauge bosons is very rich. Extensive coverage requires
extensive collider program(s).

HKCombination of indirect and direct search extends the reach significantly. All projects
benefit of the combination of the two approaches. Higher energy machine probe
higher masses and/or smaller couplings.

HKTree-level production mechanism of on/off shell gauge bosons well explored and well
represented by benchmarks ala Y.

3KPossible to consider variations of tree-level coupled vectors (e.g. decay to vectors) to
explore role of detectors.

3KPossible to consider more scenarios of vectors not coupled to the beams (e.g. no
coupling to electrons, no coupling to muon, ...)
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‘Thank you!



B-LvsY’

Also B-L has a O(1) coupling to both leptons and quarks, not too dissimilar from Y’

B—L . gz = 3'gV;QL :S'QV,CZR :B'QV,UFN
—9z7 = 9vie, = GVier-
/ B 3
Y gZ’/gl = 0- 9v.qr, — -3 - gvdr — 5 "YViugs

9z7/91 = —29vi, = —GVep-
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Ratio of reach w.r.t HL-LHC

Y ESPP 2026: Preliminary
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1.4}

Y’ 84 TeVirom 100 TeV limits

1.2}
1.0}
0.8}
0.6
0.4}
0.2}

0.0f

100 TeV
I ColiderReach
- —— rescaled by (100/84)

—— rescaled by (100/84)?
M/g=95.9531 TeV

2019 EW fit FCC combined dominated by 100 TeV
hadron machine M/g ~ 95 TeV

COLLIDERREACH line is very close to the (100/84)2
rescaling in the direct search segment, so we can
rescale by g~(100/84)2in the direct reach and
o~(100/84) in the EFT range and call it the 84 TeV
; bound.

| | | | -
80 100

15
R. Franceschini & A. Juste - BSM - Open Symposium European Strategy for Particle Physics 2025https:/agenda.infn.it/event/44943/



arXiv:1005.03704Vv3 arXiv:2206.08326v35

Czs comparison Briefing Book vs Snowmass

95% CL scale limits on 2-fermion 2-boson contact interactions
B Ow OB Europefi\rﬁlig}rateg»
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arXiv:1005.03704Vv3 arXiv:2206.08326v35

Czs comparison Briefing Book vs Snowmass

95% CL scale limits on 4-fermion contact interactions from O- g

| | | 1 1 | 1 1 |
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The ESU fits made use of only inclusive cross section times branching ratio mea-
surements (or even ratios thereof), omitting precious kinematic information, like

Higgs transverse momentum distribution, which could reveal higher sensitivity to
New Physics but requires more detailed estimates of the theoretical uncertainties.
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1609.08157

Derivative expansion
breakdown
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Mapping Luminosities

100 TeV | 13 TeV

ab”"-1 10.0 0.1/

ab”"-1 30.0 0.51

ab”-1 20.0 0.34

Rescaling of 100 TeV 50/ab to 84 TeV 30/ab

84 TeV @ 30/ab

g2 Eg/E2
Yos50, ~ 5
L A

1609.08157 LEP ATLAS8 | CMSS8 LHC13 100TeV | ILC | TLEP | ILC 500 GeV
luminosity | 2x 10 Z | 19.7fb~! | 20.3fb~! | 0.3ab~' | 3ab '| 10ab~'| 10°Z | 10'? Z 3ab™?
NC | Wx10* | [~19,3] [—3,15] | [-5,22] +1.5 +0.8 | 4+0.04 | +3 | +0.7 +0.3
Yx10* | [~17,4] [—4,24] | [=7,41] +2.3 +1.2 | £0.06 | 44 +1 +0.2
CC | Wx10* — +3.9 +0.7 | +0.45 | +0.02 — —

LHC13: 10X & — 1/2Y

TABLE II. Reach on Wand Y from different machines with various energies and luminosities. The bounds from neutral DY
are obtained setting the unconstrained parameter to zero. Bounds from LEP are extracted from [42], marginalizing over S and

T. Bounds from Z-peak ILC [52] and TLEP [53] are from Ref. [39]. Bounds from off-peak measurements of ete™ — eTe™ at
lepton colliders are extracted from [54].

100 TeV 13 TeV Mismatch
Y*10*4 0.040 2.37 58%
Y*10*4 0.025 1.50 -37%
18 Y*10°4 0.034 1.99 16%




‘Thank you!
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