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High Energy Muon Collider

vvvvvvvvvvvv

» A Muon Collider
(MuC) collaboration
has been created at

Accelerator

Muon Collider

~1 0>k:r? :fr":l?rr(:fg'ence Ring h C E R N -

3 .."h. ' -
—— - &4 » EU Design Study for
R e ey G Er ot O 3 a MuC has been
i Proton & pBunching Channel  uAcceleration "0
| Sowce Chamel = R === approved.

» There could be a , with a 3 TeV first phase and a

10 TeV later. Several components could be re-used.

. 2203.08033, 2203.07224,
10 TeV ~ 10 km circumference

» Collider Rings: 3 TeV ~ 4.5 km circumference [Snomass reports]
2203.07256, 2203.07261
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Timelines

» Starting now, a 3 TeV MuC could start physics in ~2045.

2020 2030 2040 2050 2060 2070 2080 2090 2100
| o« 1 oy oy by oy oy by
LHC & HL-LHC
FCC-ee
MuC [ gtrator?
ST
MuC-3 MuC-10/14

Lots of progress on all fronts, no show-stoppers so far

» A MuC could run in parallel with an e*e- Higgs factory (FCC-ee, ILC)
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Why Muon Colliders?

» Muon colliders combine the advantages of both proton-proton (discovery) and
electron-positron colliders (precision):

L high energy reach (not limited by synchrotron radiation)
O high precision measurements (low QCD background & clean initial state)

O Luminosity / Beam power increases with energy.

1.2 T T T T "
a all beam energy available in x*u collisions. \§ 111 MaGoll
T 09
500 | ' ' ' ' ‘-“g 08 |
% 0.6 | )
2 200 See also = oal x
|§100F =224 ~ QCD+EW-NP | talk from S. g o T
50 | R. Dasu o1 2 a3 a4 s
i Eem [TEV]
205 T T T T e T e 30 [David Shulte, CGI talk
sy [TeV] https://youtu.be/17JoTculs6k]
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The muon collider Is a weak boson collider!

» At zeroth order in perturbation theory the muon carries all the momentum
of the beam.

» At high energies, collinear radiation emitted by splitting of the initial state
must be taken into account.

» For example, well above the NP scale my, we expect the VBF to become
an important production channel:

g BSM g s g [The Muon
VBEF 2 ¢ ] 2 log i Smasher’s Guid
BSM o tf]fw—2 0g —5 0g —5 masher’s Guide]
o B5! ms my, o my 2103.14043

The MuC overqualifies as a Higgs factory!

The muon beam includes all other SM particles (including quarks and gluons)!!
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Muon PDFs and DGLAP equations

» The initial muon state can be treated in the same way as a proton, using

generalized parton distribution functions (PDFs) f4(x, Q) [Han et al]

2007.14300,

1
ogp+X =Y)= Z [ defa(zx)o,(A+X = Y) 2103.09844
Jo

» Strongly-ordered multiple splittings can be , obtaining DGLAP
evolution for PDFs of a lepton (which can be solved perturbatively!)

¢ de(TQz)

virtual corrections
A Q2

rU“./Q
: i - Py To(z, Q%) +

Y aABC x
T Z / —PBA (;: Qz)
\spllttlng functions
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Fi " £/36 okratis Trifinopoulos




Evolution below the EW scale

> At LO the boundary conditions are f,(x,m,) = §(1 — x), fiz,(x,m,) = 0.
[Fixione]

A 1909.03886
» Solving the DGLAP equations accounts for

FUEW = My
"'f"ls é_,‘s e| us Ts UI ds S| Cs L"I (a logﬂ /m/.t)n
mp . The procedure is necessary for collinear QCD.
QED + QCD
Vv, 0, e U T, u d s, ¢ » Numerical procedure:
HQCD = Mip 1. Discretization in a grid of size N, in X.
QED 2. Integrate using the rectangular method.

3. Solve numerically the differential equation
system using the Runge-Kutta algorithm
4. Impose momentum conservation in each step.

Vv, e U T,ud s, C

T J”Hﬂ

v Sokztis Trifinopoul
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PDFs at the EW threshold

1000, |
g fow=Tle=fr=fe=fa=fr, u=my -
I foo =fu=fa=fo=fs, |
1o, fp=ti=li=f="fs.

fo=1 -

fix.Q)

0.10-

0 '0110-4 0.001 0.010 0.100 1
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Evolution above the EW scale

» The full unbroken SM interactions must be considered.

» We work in the mass eigenstates basis and in the Goldstone Equivalent
Gauge. The same numerical method used below the EW scale is employed.

> modifies the DGLAP equations as follows E‘é?i”o‘é%%'g]
2dfp(x, Q) _ pv b ()2 YABC 5C o v? 7C &
(J (3(22 _PBfB(i=Q )—}_A{‘_' o PB.‘%@fA—i_lﬁWEC‘?E;LBA@fA

9y 2
- - — ) ¥ "} 3 3
i.  Massive propagators: P§ ,(z,p%) = (i—f) PEa(2) , p% = z2(m% — ¢%)
Pr
2 2

ii. Ultra-collinear splittings: |[Ma_picl* = SWQABc%PSA(z) +
1

2 = 2 2\ 2
(1)(3) — (yflzz Y~ _922) 9.

e.g. for fL(l) - WLfL(Z): Ul

v Sokztis Trifinopoul
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PDFs above the EW scale

100 g4 —p Z, 1 »The DGLAP system contains
fen:fTR_ 1 fE_R:f?-R.:fﬁR:fT‘R ) T H
P, 142 independent PDFs._

10? f‘uL = fCL 5 fﬂL = fEL s fﬂR = fCR ' fﬁﬁ_ = fER s E Hr, HR e, CR Vp. Ve EL eR Dﬂ
fa, = For s fa,=Fs s fin=1Ffns fig=Ffw- {lur dp wugp dgp tr tr br br + hc
v Zi Zvy W Gy

h  Z, hZ, Wi
o
g _ » The photon-Z boson
0.100 . : .
: interference is described by a
0010 . Similarly
B for Z, and H | [Ciafaloni et al]
i : hep-ph/0505047
Q=3TeY > de the POFS Toh
09%%01 0.005 0.010 0.050 0.100 os00 1 ~ Ve provide the PDFs bot

X without and with the top.
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Polarizations

. . B I
» Due to the chiral nature of SU(2),, PDFs become polarized. Egéieéseéé"l]

» Splitting functions depend on the of the states. E.g. in case of
W-PDF, coupled to u;, the PDF or RH W goes to zero for x — 1 faster
than LH W, since Py, ¢, (z) = (1 —z)/zwhile P, ¢, (z) = 1/z.

0.8/ | [ J— L . . . J L |
104 0.001 0.010 0.100 1 10 0.001 0.010 0.100 1 Dt%,m 0.05 0.0 0.50 1

X X
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EW Sudakov double logs

. L . . [Ciafaloni et
» The Bloch-Nordsieck theorem is violated for non-abelian gauge theories. = ai hep-
ph/0001142
» The EW Sudakov double logs arises as a non-cancellation of the IR soft
divergences (z — 1) between real emission and virtual corrections in
isospin flipping transitions (e.g. u;, < v, with W emission). For these
splititngs we introduce the zB8(Q) =1 — Qw/Q | el
G’AB( 2 aapc(Q) [ Q) dy T g
[_ _PBA Q ) — 2 [L ?PBA( z)fa (;:Q )

The virtual corrections are modified accordingly.

» The physical effect of these double logs is to restore SU(2); invariance at
high scales.

I N . ) )
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Effective Vector Boson Approximation (EVA)

» The case of collinear photon emission from an electron gives the

Equivalent Photon Approximation (EPA): ™ (z) = ;—;Pw(@ log i .

2

» The EPA has been generalized to describe EW gauge bosons in high-
energy collisions, in what is now known as EVA.

» Solving the DGLAP equations iteratively at LO we recover the EVA.

» However, in case of transverse gauge bosons PDFs we notice significant
discrepancies from the numerical LL result mainly in the transverse gauge
bosons PDFs. They can be traced back to reasons such as:

X The V — VV is not incorporated in EVA in LO.
x In EVA the initial state is assumed to be unpolarized.

I N . . .
Fi I I l l 12/36 Sokratis Trifinopoulos



filx )

PDFs above the EW scale

(gauge bosons & scalarsz

1000

1002~

- .
~
-~ .
B
L s X,
S
10 TR S =
K o - ™ -
- . \ ~
c 2 =3 -
-

0.100-

0010

Q=3TeV |

0.001
1074 0.001

0.100

fi(x 1)

; —— Q=3TeV

1L ----Q=30TeV
0.100-
0.010

0.001

1074: AFRAIAL
0.001 0.0050.010 0.0500.100 0500 1

X
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Conclusions

» The near-term future of particle physics will be charted by precision
measurements. The long-term future of the field crucially depends on
the decisions we make today about the next generation of

» The two most prominent options on the table are the FCC-hh and a
multi-TeV MuC.  |Note: MuC3 could start ~30 years before FCC-hh!

» In this work, we derive the SM PDFs for lepton colliders. We show that
the EVA, on which current estimates of cross-sections are based, is not
always an adequate approximation.

» We aim at making our result public in a LHAPDF-type format, which
should be extended to include helicity. Ultimately, an implementation
of our results (e.g. in MadGraph) is important for any SM or BSM
research in the MuC.

I N . . .
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Thank you!!!!

International
JON Collider
Collaboration
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[Azatov, Garosi, Greljo,
Marzocca, Salko, ST]
2205.13552

LHC: the past and the future

» LHC has already provided ground-breaking results:
v completion of the SM spectrum (Higgs boson discovery)

v’ exquisite precise measurements of a huge number of other SM processes

v fundamentally challenged our New Physics expectations at the EW scale

2021 | 2022 2023 2024 | 2025 | 2026
([ JAISOIND] T FMAMI] JIF i o A} DIF (1[J]AlSIOINDY FMAM 3 J [ASIOINID [FIMIAMD |1 A S OIND I [FIMAIMI 3 AIS DN DY TFM

2030 | 2031 032 2033 2034 | 2035 2035 2037 | 2038
;EW_y 3 [FMAM 3 [1[ASIONID]3]F [T ASONDF [ 3[AlSIEIND ) FMAM I3 ]A J[YASOND I[FIMAM] I3 [AlSIOIN DL FMAM ] H L LHC
Run 4 LS4 Run 5
Shutdown/Technical stop = =
E e increased Lumi x10
Fardvind onmremsioniag/mesnt tokiog

» We are moving towards the HL-phase and there is still lots of data to collect!

F I I I TS Sokratis Trifinopoulos
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Still no direct evidence for NP!

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

Status: May 2020

ATLAS Preii

fLdt=(32-139)fb!

V5 =8,13TeV

inary

Model f.y Jetsi ET™ fram Limit Reference
L | T — - — T u —
ADD Grw + gla De u 1-4j Yas 36.1 n=2 171108301
ADD non-resohant yy 2y - - 36.7 m=3HLZ NLO 170704147
ADD QBH - 2j - 3ro n=6 170309127
ADD BH high I pr zlep =2j - az =&, Mg — 3 TaV, rot BH 160602265
ADD BH multije - =3 - 36 m = 6, Mp = 3TV, rat BH 1512 02586
AS1 Guw — ¥y 2y - - 36.7 Wy = 0.1 170704147
Bulk RS Gux — WW/ZZ 36.1 WMy = 1.0 180802380
Bulk RS Gux — WY — fvgg Teun 2ji1a Yoo 138 Tl = 10 200414636
Bulk RS guw — £t Tep =1b =12 Yes 361 im = 15% 1804 10823
2UED / RPP Tep =22bz3] Yes 36.1 Tiar (1,1), SLATY — et = 1 180006678
SSM 2" — rf Dep - - 139 190306248
S5M Z° — 1T 2r - - 361 1709.07242
Leptophobc Z' — bb - 2b - 36.1 180505299
Laptophobse Z' — &t Dep =z=1b=2Jd Yes 139 Fim = 1.2% 200% 02138
SSM W' — v Teu - Yas 139 1906 08609
SSM W — 1w 1 - Yos 361 1801 DESE2
HVT W = WZ — fvggmodel B 1e.u 2jria Yes 139 & =3 200414536
HVT V" — WV — gggg model B De u 24 - 139 av =3 1906 D85S0
HVT W — WH/ZH model B 36.1 =3 1712 08518
HVYT W — W model Dep =z1b =224 139 av =3 CEAN-EP-2020-073
LASM Wy — th 36.1 180710473
LASM Wi — uiNg 2 14 - m{Ng) = 0.5 TeV. 5, = ge 1604 126TH
Cl gaqq - 2j - aro e 170308127
- Sl ffqq 2e.p - - 138 LT CERN-EP-2020-066
Cl tett =lea  21D=1]  Yes 36.1 1l = a4 1811.02305
Axial-vactor mediator (Dirac D) 0 e Yos 36.1 =025, g, =1 0. miy) = 1 GaV 171103301
Colored scalar mediator (Dirac DM) 0 o, i Yes 361 E=1.0. mix) = 1 GV 1791.03301
VW EFT [Dirac DM) LY Yes a2z miy) < 150 Gav 160802372
Scalar reson. ¢ — ty (Dimc DM} 01 e Yes 361 o= 0.4, 1= 0.2, miy) = 10 GoV 1842.09743
Scalar LG 1% gen 12e Yos 361 A=1 1902 00377
Scalar LO 2 gen 12p Yes 361 =1 1902 00A7T
Scalar LQ 3™ gen 2r - 6.1 BLGY — br) =1 1902 08109
Seakar LO 3™ gen 01 e Yes 361 BLOY — 1) =0 1902 08103
VLD TT — He/Zr/ Wb + X imulti-channal 381 SINZ) doublat 1808 02343
VLD BB — We/Zb+ X multi-channe! 36.1 SINZ) doublat 1808 02343
VLO TenTenlTes — We+ X 2(SSiz3enzibzl] Yos 361 B( Tors — Wil 1,6l Tan Wi 1 1807.11883.
VLD ¥ — Wb+ X Tem zlb =1 Yes 36.1 BIY — W= 1, el W)= 1 181207343
VLO B — Hb 4+ X Oep 2y z1b=1 Yes 708 *g= 05 ATLAS-CONF-2018-024
VLQ QQ — Walkg 1e.m =4 Yes  20.3 150004261
Excited quark q* — qg - 2j - 139 anly &* and &, A = mi{q"} 1900.0844T
Encited quark q° — qy 1y 1j - 367 only o and o, A = mia') 170810440
Excited quark &* — bg - 1 1) - 36.1 1805 D290
Excited lapton £ Jep - - 203 Ao=30TeV 14112821
Excited lapton »* Jep v - - 20.3 A =16 TeV 1411 2821
Type 1l Seosaw 1o =2] Yes 5.8 ATLAS-CONF-2018-020
LASM Maij v 2u 2j - 36.1 m{We) =41 TeV. & = ge 180911105
Higgs triplat M — £f 23,4 2, (SS) - - 36.1 O procuction 17I0.00748
Triplet H** — (v JepT - - 203 O production, S{HT" — ) =1 14112821

Multi-charged particies - - = 361 ¥ production, |gf = Se 1812 03673
Magnetic monopoles - - - 34.4 O production, [g| = lgo, spn 1, 190510130

10t

1 Te
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6

10 TeV '

l Mass scale [TeV]
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m, [174 GeV]
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The search for Terra Incognita

ERRA CONOSCIVTA F

k" e } /‘vavuns LE DESCRITTIONE DI TVITA LA

New World
“[New Physics]

% \ﬁ <
= T

[J. Fuentes-Martin]
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New Physics Quest: two avenues
F e . %

:w o

~ e
:q'f P

High-energy frontier (ATLAS, CMS & Precision frontier (COMET, mu3e, LHCDb,
future colliders): Direct discovery of NP, but Belle IL,...): Indirect NP evidence in low-

the mass gap should not be too large energy probles, breaking of (approximate) SM
symmetries

F-III.- Sokratis Trifi 1
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New Interactions within reach

» Which would offer best sensitivity reach for tree-level
heavy NP mediators?

Collider C.o.m. Energy | Luminosity Label

LHC Run-2 13 TeV 140 fb~1 LHC
HL-LHC 14 TeV 6 ab—! HL-LHC
FCC-hh 100 TeV 30 ab! FCC-hh
Muon Collider 3 TeV 1 ab—! MuC3
Muon Collider 10 TeV 10 ab~1 MuC10
Muon Collider 14 TeV 20 ab~! MuC14

v Sokztis Trifinopoul
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FCC timeline

2030 2060 2065

2075 2100

| 3 n 5 n 7 n 9 m 1 [~15yearsuperation][

7 -10 years

]["stﬂﬁopemﬁon] FCC'hh

Project preparation & Permis-
administrative processes sions
Funding . Fundlng flnd.
strat in-kind contribution contribufion
egy agreements

agreements

FCC-ee dismantiing, CE
& infrastructure
adaptations FCC-hh

Geological investigations, infrastructure
detailed design and tendering preparation

Tunnel, site and technical
infrastructure construction

-
. FCC-hh accelerator ’
FCC-ee accelerator R&D and technical design e R&D and technical B
installation, commissioning dosign installation, commissioning
L
(~ Setup of intemational
experiment collaborations, FCC-ee detector FCC-ee detector FCC—I';h&dDetector & FCC'.h: q:ﬁ:tl‘:ﬁm
detector R&D and concept technical design construction, installation, commissicning ol dese f, I3 :
technical design commissioning
\ development
-
High-field magnet
Superconducting wire and magnet R&D, short models L‘:&%ﬁ:' n::g::fs' industrialization and
L P P series production

22/36
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MuC timeline

Aspirational Timeline (&)

in case muon collider is next project after HL-LHC JAwicass
[ﬂ: : : 2 : : : : : 2 :
o o o o o o 8 < <
o o o o o o o o o o o
oN o~ o o o o o o oN o~ oN o
=3 32 Technically limited timeline
| Baseline design = g
g Facility Conceptual g_
e Design e
§ .§ Technical g 8¢
§ || | _Design 3 gé
o)
3 S Facility Construction  |X ~ o
g 5 2
Demonstrator design | =
Preparatory work
o0
Proto | Demonstrator
totypes Construction g §
Demonstrator exploitation and u des @ a
o
51
=
Design and modelling
Models, prototypes , |
Pre-series =
Production g.
Performance g
and Cost Ready to Ready to
Estimation Commit Construct |
! ) .

v Sokatis Trifinopoul
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High Energy Muon Collider (design)

Proton Driver

Acceleration

Collider Ring

I )
g 5 5§ |BZEZ |5 E 2 g £
¥ 34 "Eezéiéaiugg
2 E & 3 222 ® g8 2 S 25
g ;33 2|3 § 38 =2 B Accelerators: Gl
3 '=1 § = W Linacs, RLA or FFAG, RCS
Produce short, lonisation cooling of Acceleration to Collision

intense proton
bunch

» Key Challenges / Opportunities for progress :

muon in matter

Protons in target
produce pions which
decay into muons
muons are captured

collision energy

Would be easy if the muons did not decay

Lifetimeist=y x 2.2 us

Q u*w must be cooled and accelerated before most of them decay

O Intense and collimated high-energy beam

of neutrinos induces potential radiation risk.

“hot spot”

1y,

Ailllir
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MuC Luminosity Scaling

» Assumes no emittance growth after source and no technical limitation.

» Applies to MAP scheme

]\7
£O<7 0-5_0er07

€€y,
/ \ \ High beam power

: Large energy acceptance
High energy = short bunch

= small betafunction

Dense beam

v Sokatis Trifinopoul
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Final cooling in MuC

hign transversl
emitae

des
ds

Energy loss = cooling

Cooling

|

energy loss re-acceleration

e

ggg 2 £
388 688 &
s 28353 @
2 2 [y
E U

High field solenoids

minimise beta-function
and impact of multiple
scattering

Multiple scattering = heating

1 dEfJ_

1

1
(v/e)2ds Ef 2(

vie)?

14 MeV \ A3}y
E -

Ailllir

26/36

Sokratis Trifinopoulos



DGLAP equations below the EW scale

i _ar(®) [/ |
d_:: ;ﬂ' [(Pf—i_P}})@fi—i'PfV@f"r] )
Ay _on(t),
0 [ o |
+ ;ﬂ {ff (P +Pf1})®fqu—|—TFPfV®fq] |
df d o (t)
ag(t v .
+ g;) [c,p (P} + PY) ®fqd,b—|—Tprv®_fg] j
dfy _on(t) | 5o _
at ;ﬂ' P"rf’YJr;Q?meif@(fer.ff)] :
d ot | | |
[iq :a;i) CA(PJ+PVV)®I9+GFP5f®Z(fq+fq-)
q

v Sokatis Trifinopoul
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Uncertainties

1. Due to the choice of the QCD scale (gcp = [0.5 — 1] GeV):

0.15

0.10F

0.05F

0.00F

ol (.Q)
00 [Fx,Q)]

—0.05F

~0-5%01 0.005 0.010 0.050 0.100 0.500 04000 0.005 0.010 0.050 0.100 0.500
5 [f {3‘ Q)] . f.-‘!(mu (J)iQQCD - f:’i(m: CQ)I(].T(;CV
Al -
@eep falz,Q)lorcev 0.020
5 0.010}
ks
= 0.005]
2. Due to the discretization (N, = [600,1000]): = |
0.001 '
1074 0.001 0.010 0.100 1

X

F- I I I e Sokratis Trifinopoulos
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Ultra-collinear splittings in GEG

_%(ﬂ[k} W (K)) (n(k) - W (=k))

H\£_>O

GEG (hybrid of Coulomb & ligh-cone): Ls, =

Mt = Wb = Mt = 67b) + IM(E, — Wb)
/

3 - 4 ‘5 )
I’ WH(k) = Wr(k) (k) + Wa(k) e(k) + Wa(k) e2(k)
k

A}
%

iM(ty — ¢7br) = ialbr)(yePr — wlr)ults) — iM(t, — Wib,) = f%ﬂ(bL)(fffb(W)PL)ﬂ(fL)
~ iy e — it /2 - :%-_\/_‘E (_%) o
Z w
[Chen et al] (v~ oy R VE
1611.00788 ~ Qv E\/Z - AVE — —iv 2
J

v Sokatis Trifinopoul
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Photon — Z mixing

J +
o

» The splitting function must be generalised to a splitting matrix. The rate

is computed by tracing against the matrix of the hard scattering process.

FPA%BH?] 11

- A A (8Plit) gy oy g f(split)
dz dk3. ~ 16m2 2z M, DyDjyM,

» The propagators are diagonal in the mass basis:
i i

—, Dzz=-= v, Dyz=Dz,=0

hep-ph/0505047
[Chen et al] 1611.00788

I [Ciafaloni et al] hep-ph/0505047,

Dyy =

q° —m3

1 1
Dpp = = 5: Dzyz,=——=5: DPhrz, =Dz,n=0
w g‘*—-m,fl' Lok q‘*—m‘é’ AL L

v Sokatis Trifinopoul
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Signatures at a muon collider (channels)

i) Inverted Drell-Yan: pji— jj

N (Vu#+ — 77)

* qa p q

H

Z')Z]y
o q oy q

iii) Mono-lepton plus jet: pefi— 1~ j

q q q g

LQ

I Ho I’ o

i) Di-Muon (Tau): pji— pt

- —

I K H

o u+ I "o

iv) LQ pair production: pji— LQLQ

LQ T LQ

LQ o LQ

Ailllir
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der(pp— jj)dm [ fh/TeV )

Signatures at a muon collider (sensitivity)

» Due to the of the valence partons, if the Myp < /s below
the collider energy, the effect is visible both at the shape of the cross-
section (resonance peak or #(u)-channel exchange) as well as the very

precise measurement in the last invariant mass bin. | [Azatov et al]

For My > +/s, the sensitivity arises from the latter strategy. 2205.13552
MuC 3TeV f _
oo, FA MuC 3TeV s
_ W= 531 M=2TeV, 15,=0.3
-ﬂ 1
S0 (1,50
5
§§t1um
= 0.050
L
10 53 M=2TeV, &, =03 _§ 0010

(1.005

03 1.0 15 20 25 30 1.0 1.5 2.0 25 30
n[ TeV] my, [TeV]

1t Sokatis Trifinopoul
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Z' gauge bosons

We consider models in which the dominant quark coupling is to heavy
flavours. There are two qualitatively different scenarios:

1) gsp K gpp ~ guy realized by gauging U(1)33_LM:

. 1 _ 1- 1 - N
ﬁ?f;g = 9z Z,, [g@%’}’a‘@% + gbR’}’“bR + §tR’?’aﬁR — Lin*L} — fipy* pr+
—Lp

1 . ~
f(hatiralene) vo| . DO
2) 9sb ~ 9Ibrp K gy realized by gauging U(l)Lu—LT :

EE‘E L 9z Zy [LI7v* LT + iry*pur — LIV L} — TRY TR+
p—Lr

[Greljo et al]
2107.07518

e +HeoPQ1r Q3 + |es]*Q3 Q1 + (ee1Q17°QF +he) +...] .
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Z' gauge bosons (U(1)B,-1,, NO Mixing)

Z' from U(1)g,-,, 65,=0
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S5 leptoquark (U(2)3 - symmetric)
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Z' gauge bosons (U(1) Ly—Ly)

Quark-phobic scenario:

Z'from U(1)y 7, ,€=0
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U, leptoquark

U(2)3 - symmetric
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Z' gauge bosons (prospects)

7' from U(1)33_Lp, E,=0

Z' from U(1) By-L,» bsuu L LHC
W FCC-hh
Z' from U(1), ;. , &=0 W MuC3
B MuCl0

Z' from Uz, bsuu

o 10 20 30 40 50
Mass limit (TeV)
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Leptoquarks (prospects)

S3, U(2)*—symmetric

Ss. bs : I
3 O . W HL-LHC
W FCC-hh
U,. U@2)’—symmetric W MuC3
) o B MuC10

E—

#*

Uy, bsupu

o 20 40 60 30
Mass limit (TeV)
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