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Different class of processes are relevant at different /s

Vs < 5 TeV Vs > 5 TeV
s-channel VBF

o~ = Vs
s UNWlog v

s- and t-channles are sensitive to different new physics



Effective V Approximation

fu,1u(z Q%) is the LL likelihood of y radiating a V with
polarization A and pf), = zE, and p,}—V <Q

oty 225 X) ~ fy,,® 1y ® G(VWV' = X)

/lu

=Ix / dz1dzp fv, (21, QF)fvr, (22, QF) Opx (Swv')

Dawson('84);Kane,Repko,Rolnick(‘84);Altarelli, Mele,Pirolli('86); Kunszt,Soper('87);+...

fur(z, Q3 A =+) =

C (gvFga) +(gv +ga)(1-2)° log @
1672 z M,

C 1—z
ule Q) = e+ ) (57
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Neutral VBF production of tt

o ) [pb]

2 2
/ a 1 1 1+(1—2) q°;
f)E) = — [2m,22 (  — 3 + log —*
27T max  9min z max
7} o 22 e by — it - i
min pf [GeV] min pl [GeV]

0y, (tt) =2.5-1072 pb

wa(ti‘)

with massive 1 one can go to p’T —0

oz1yzyy(tt) =3.7- 1072 pb

=21-10"2pb

PRELIMINARY RESULTS


https://arxiv.org/abs/hep-ph/9310350

Generating processes at a p Collider in MadGraph5_aMC@NLO
(e.g. top pair-production)

mu+ mu- > mu+ mu- t t~ , mu+ mu- > vm vm~ t t~
aa>t t~ with 1pp 4: photon from muon
w+ w— > t t~, w from muon - in development

zz >t t~, z from muon - in development
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Va=1TeV V5=3TeV V5= 14 TeV V5 =30 TeV

o [fb] VBF sch. | VBF s-ch. | VBF sch. | 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 30-1071 1.1-100 3.4.100 131071 7.6-100 41.1072
HHWW | 721077 131072 | 2310°* 111072 | 91103 281073 | 291072 121073
HzZzZ 271073 321071 | 121071 821072 1.6-100 881073 3.7-100 25.1073
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 3.2.10! 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

heavier final
state — larger
Vs for
t-channel to
win

possible
exceptions, e.g.
HZZ vs HWW,
277 vs WWZ
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LsmerT = Lsm +

1
pz C:O;

Limit on C; TeV—2 Limit on C; TeV~?
Operators Operators
Individual Marginalised Individual | Marginalised

Opp [-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] Obe [-3.10,3.10] -
Opws [-0.0051,0.0020] [-0.17,0.33] @is'Q [-0.9,0.6] [-5.5,5.8]
Ow [-0.18,0.18] - Ot (-6.4,7.3] [-13,18]

Oy — —

current limits taken from Buckley et.al.;Butter et.al;Ellis, Murphy,Sanz,You;Hartland et.al.
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u Collider: SMEFT

O=0sM+) GO+ cijold

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

gl
r=c int
osm
log(r) VBF - ttH log(r, )
a_i,i
> Osq
i i =Cj;
osm
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95% C.L. exclusions
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Only Low-Energy Results
(Vs <3 Tev)
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VBF for various BSM Models
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Luminosity [fb~!]

# events

~
1l

o

Mass [TeV]

Luminosity required for 25 events, with assumed zero background
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Conclusions
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proposed FC are either precision or discovery machines
multi-TeV p-collider — VV collider

for SM/EFT p-collider is a precision machine

multi-TeV p-collider is suitable for BSM discovery

needs R & D from THEO and EXP
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1 1 A K
L =Lspm+ Eauaaua— ém?7 o2 — 4—‘!704 — ?"02 PdT P,
(o) =vs
3 2
Abhh = — mh(vs cos® 0+ vsin® 0)
V Vs
3 2
Asss = i(vcos3 0 — vgsin3 0)
V Vs
2 2 2
Ahss = —Msin 20(vcos 0 + vssin 6)
2V v
2 2 2
Ahhs = Msin 20(vscos 8 — vsin 0)

2V Vs



o [fb]

2
-1 mp
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https://iopscience.iop.org/article/10.3367/UFNe.2019.05.038568

i - 2 2
V = ®] P+ ppdidy+ (u3<l>{ by + H.c.) + A ((I){ <|>1) + A2 ((I)é c|>2)
- n 2
+ A3 (d){ (I)l) ((I)é <|>2) + A4 (d){ <|>2) ((I)é c|>1) + ()\5 (d){ <|>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



Ox + ++

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



U vs. e
(circular collider)

Pros ) Cons
v/ reduced synchrotron radiation X p decay
v increased X v radiation

v/ cool physics X lots of R&D (is it a real cons)
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