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Physics @ p Collider
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Generic Process at p Collider

up—nff+mV+kS

This is a 2 — (n, m, k) process
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Generic Process at p Collider

Different class of processes are relevant at different /s
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Generic Process at p Collider

Different class of processes are relevant at different /s

Vs S 1TeV

s-channel
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Generic Process at p Collider

Different class of processes are relevant at different /s

Vs <1 TeV Vs > 1TeV
s-channel VBF
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1 PDF

Effective W Approximation

fw, u(z, Q?) is the LL likelihood of i radiating a W with
polarization A and p{), = zE, and PIZ-V <Q
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1 Collider vs. p Collider

Given a muon collider cross section g, the equivalent proton
energy is defined by
Op = 0
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1 Collider vs. p Collider

Given a muon collider cross section g, the equivalent proton
energy is defined by
Op = 0

Parton Luminosity

o(pp — X) = /d Z% &(ij — X)
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p Collider vs. p Collider: single production

Resonance with mass M

1 M2
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p Collider vs. p Collider: single production

Resonance with mass M
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p Collider vs. p Collider: single production
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p Collider vs. p Collider: pair production

Pair Production
1 (1 A
Op(Sp) = — dr— E bii(T, QF)[05]p
Sp J, T
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L

with pr collider at threshold



p Collider vs. p Collider: pair production

Pair Production
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p Collider vs. p Collider: pair production
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SM @ p Collider
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1 Collider: SM Processes

o [ib] Vs=1TeV Vs=3TeV V5= 14 Tev V5 =30 Tev
VBF s-ch. ‘ VBF s-ch. ‘ VBF s-ch. ‘ VBF s-ch

tt 431071 1.7-102 5.1-100 1.9-10! 21101 8.8.107! 3.1.10! 191071
ttZ 161073 4.6-100 11.1071 1.6-10° 1.3.10° 181071 2.8.100 5.4.1072
tiH 20-1074 2.0-100 131072 441107 | 151071 301072 | 311071 791073
tEWW 4810°° 1410°! | 28103 3410°! | 1110°!  1310°! | 301071 581072
tt2Z 23107 381072 | 141073 511072 | 581072 131072 | 17.10°! 54.1073
ttHZ 711077 361072 | 35107* 301072 | 101072 531073 | 27102 191073
tEHH 721078 141072 | 3410 611073 | 64107% 54107 | 161003 151074
tEtt (i) 511078  54.107* | 6810 671073 | 111073 251073 | 211003 101073
H 2.1-102 - 5.0-102 - 9.4.102 - 1.2:103 -

HH 741072 - 8.2:1071 - 4.4.10° - 7.4-100 -

HHH 3.7.10°° - 3.0-107% - 711073 - 1.9-1072 -

HZ 1.2.10° 1.3.10! 0.8.100 1.4-100 45.10! 6.3-1072 7.4.10% 1.4.102
HHZ 15107% 12107 | 941073 331072 | 1410°! 371073 | 3310°! 111073
HHHZ 151078  41.100% | 47.10% 16107* | 1910* 16:10°° | 51.10% 54107
HWW 89.1073 3.8-100 301071 1.1-10° 3.4-100 131071 7.6-100 4.1.1072
HHWW | 721077 131072 | 2310°* 111072 | 91103 281073 | 291072 121073
HzZ 271003 3210°! | 12107t 821072 1.6-10° 881073 3.7-10° 251073
HHZZ 241077 151073 | 91.107° 9810~* | 391073 25107* | 121072  95.10°°
ww 1.6-101 27-103 1.2.102 4.7-102 5.3-102 32.10! 85-102 8.3-100
7z 6.4-100 15102 5.6-10! 2,6-10! 2,6-102 1.8-10° 4.2.102 46-1071
wwz 11.1071 5.9.101 4.1-100 3.3-10! 5.0-101 6.3-100 1.0-102 2.3-10°
V04 231072 93.10°! | 96100 351071 1.2:10! 5.4.1072 27-10! 1.9-102

generated with MadGraph5_aMC@NLO



https://launchpad.net/mg5amcnlo

1 Collider: SM Processes

VBF > s-channel

o [fb] Vs [TeV] | o [fb] Vs [TeV]

tt 8.4-10° 45 tizZ 22.1072 8.4
ttZ 531071 6.9 ttHZ 7.0-1073 11
ttH 7.6-1072 8.2 ttHH 5.9.107% 13
ttWwW | 1.2.1071 15 titt 1.6-1073 22
HZ 43.10° 1.7 HHWW | 43.1073 9.2
HHZ 211072 4.2 HzZZ 9.4.1072 2.7
HHHZ | 4.7.107% 6.9 HHZZ 5.9.1074 5.7
HWW | 6.6-1071 45

ww 2.1-10? 48 wwz 1.6-10% 6.2
zz 3.9-10! 2.4 zzz 48.1071 23
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1 Collider: SM Processes

VBF > s-channel

o [fb] Vs [TeV] | o [fb] Vs [TeV]

tt 8.4-10° 45 tizZ 22.1072 8.4
ttZ 531071 6.9 ttHZ 7.0-1073 11
ttH 7.6-1072 8.2 ttHH 5.9.107% 13
ttWwW | 1.2.1071 15 titt 1.6-1073 22
HZ 43.10° 1.7 HHWW | 43.1073 9.2
HHZ 211072 4.2 HzZZ 9.4.1072 2.7
HHHZ | 4.7-1075 6.9 HHZZ 5.9-107* 5.7
HWW | 6.6-1071 45

ww 2.1-10? 48 wwz 1.6-10% 6.2
zz 3.9-10! 2.4 zzz 48.1071 23

A p collider with /s ~ few TeV is essentially a
W-Boson collider!
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p Collider: EFT

1
Lerr = Lsy + EZC’.@" + ...
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1 Collider:

Relevant operators for the Higgs and top quark EW sector

EFT

1
Lerr = Lsy + EZC,-@,' + ...
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u Collider: EFT

1
Lerr = Lspy + pZC{@,’ + ...

Relevant operators for the Higgs and top quark EW sector

Ow e WL, WP wWEE [ oy, (go'i'<p— ;) Qtp+he.
Opw  (@To—%5 ) W Wu’v Ow Qo™ 7,t) pW), +h.c.
O (¢T0—%)B"B. | O i(Q0™t)@B,y+he.
Opws (@7 Tig) B W, 0% (¢’ DuTie) (@' T'Q)
Opp (97D ¢)T(@TDyp) | O i(<P""Bu<p)(C?v“Q)
O (¢T@)D(e7 ) Opc i[9 Dyo)(Ev"t)
Oy (‘P ¢ — 2)3
; i
R(c)= — =14+t 4 =9 =141+,
Osm Osm " Osm

20/ 40



u Collider:

EFT

Bound on the operators

Limit on C; TeV™2 Limit on C; TevV~—2
Operators Operators
Individual Marginalised Individual Marginalised

Oyp [-0.021,0.0055] [-0.45,0.50] Oty [-5.3,1.6] [-60,10]
Opd [-0.78,1.44] [-1.24,16.2] O [-7.09,4.68] -

Oy [-0.0033,0.0031] [-0.13,0.21] Oy [-0.4,0.2] [-1.8,0.9]
Opw [-0.0093,0.011] [-0.50,0.40] O [-3.10,3.10] -
Opws [-0.0051,0.0020] [-0.17,0.33] (91;"-) (-0.9,0.6] [-5.5,5.8]

Ow [-0.18,0.18] — Ot [-6.4,7.3] [-13,18]

O, - -

Buckley et.al.;Butter et.al;Ellis Murphy,Sanz,You;Hartland et.al.
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y Collider: EFT

log(r)) VBF - tt log(r;,)

log(r) VBF - ttH log(r, )
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u Collider: EFT

VBF hh sensitivity ratios
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BSM @ p Collider
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BSM @ High-Energy Lepton Collider
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BSM @ High-Energy Lepton Collider
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u Collider: BSM Processes (neutral scalars)
SM+inert singlet
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H Collider: BSM Processes (charged scalars)

Georgi-Machacek model
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u Collider: BSM Processes (sparticles)

MSSM
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BSM @ p Collider: VBF vs s-channel
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New Physics Reach ia ver) @ p Collider
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Conclusions
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proposed FC are either precision or discovery machines

multi-TeV p collider — W collider

for SM/EFT p collider is a precision machine

multi-TeV p collider is suitable for BSM discovery

.needs R& D
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Backup Slides
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SM + Singlet

1 1 A K
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3 2
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2 2 2
Ahss = —Msin 20(vcos 0 + vssin 6)
2V v
2 2 2
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2V Vs
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o [fb]

SM + Singlet: Inert Pair Production vs. Loop Corrections
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https://iopscience.iop.org/article/10.3367/UFNe.2019.05.038568

2HDM

o i 2 2
V = ®] P+ ppdidy+ (u3<l>{ By + H.c.) + A ((I){ <|>1) + X ((I)é c|>2)

+ 3 ((I)’{(I)l) ((D;(Dz) + A ((I)'{'d)z) ((I)é"'cbl) + ()\5 ((I)’{"<|>2)2+ch.)

+ 0T, (/\6 (<I>'{'c|>2) + H.c.) + Ol b, ()\7 (cl)'{d)z) + H.c.)

—ih} hi
O = | HWtia+v and Pr= | Htia
V2 V2

R\ [ cos® sinO)\ (h

Ry ~ \—sin@ cosO| \H
where h is identified as the observed, SM-like Higgs boson
with mp ~ 125 GeV and H is heavier with my > my
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GM Model

Ox + ++

(012 + X E X
¢ = ( <P+* (Po ) , X=| —x™ & N
- 4 X++* _5+* XO

2 2
V(Pb,X) = %Tr(cb"'(b) + %Tr(x TX) + A[Tr(PT D)2 + A Tr(dT D) Tr(X T X)

+ A3 Tr(XTXXTX) + Ag[Te(XTX) 2 = A Tr(DT 72D 2) Tr(X T 12 Xt)
— My Tr(DT 22 TP)(UXUT) .5 — Mo Tr(X T £2 XtP) (UXUT) 11

Custodial Limit
(x°) = (&% = vx
(V2Gr) ™ = v2+8v}
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1 Collider: Pros and Cons

U vs. e
(circular collider)

Pros ) Cons
v/ reduced synchrotron radiation X p decay
v increased J[ X v radiation
v/ cool physics X lots of R&D (is it a real cons)

40/40



