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SR Muco Myths about lepton colliders e

Lepton colliders are s-channel machines
Photon-Photon machine
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Resonance peaks: Pair production: 1
* BFactories: T(45) peak (10.6 GeV)e.g. e.g. e+ e- Higgs Factory at 250 GeV
Babar, Belle Il Look for a Z at 110 GeV, whatever
* ZFactories, Z peak (91.188 GeV) e.g. LEP  on the other side, it is from Higgs “F
 HE machines: BSM resonance peaks? decay!
Lepton colliders are clean R R

S. Brodsky, SLAC-PUB-11581

Q: Is this still the case for multi-TeV lepton colliders?
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R Muce The picture of hadron colliders

Collaborat ion

What happens at Tevatron/LHC?

\' = Hard interaction: fixed-order calculation (in QCD = 1 + O(ag) + O(ag) +...)
0 All-order radiative corrections: parton shower emissions
ff’/é{?ii??f&%g?n'v Hadronisation from confinement property (quarks and gluons cannot live
B S individually for long)
Multiple parton interactions (MPI)
Hadron decays

[credit: Stefan Hoche]

The QCD factorization formalism

“Hard” Scattering

 Hadrons are composite and contains “partons” inside them

* The parton distributon functions (PDF) describes the probability
to find a parton with a particular momentum from the beam
particle.

outgoing parton

proton

proton

underlying event underlying event

initial-state
radiation

e o(AB— X)=>)_ / dzadzs fo)a(Ta; Q) fo/B(2s, Q)6 (ab — X)
b

outgoing parton
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Q: how could an elementary particle contain a “parton” inside itself?
Equivalent photon approximation (EPA)

Treat radiation generated photon as the “parton”
c(l~+a—- 0"+ X)= /dmf,y/g&('ya — X)

gl+(1—x7)2 ln Q2
27 Ty my

fy/0.5PA (2, Q%) =

Applications on colliders p==========

e |nitial state radiation (ISR) ii . 1
+  Photon-photon collisions | %% = 1+15i./ ‘i—glfi(é,Qz)fj (%’Qz) + (i ]
L -

Polarizations STTTTTTTTTTTTTToT TS
eL R (e”) e ex
—x)? —x)? —x)? —x)? . I
AN el e = For unpolarized beam, it is okay to
. (1—x)? 1 14+(1—x)? 1 (1—x)? 1+(1—x)? , . .
oo (5 T T B T i T = W average over parton’s polarization

D
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People have been doing: We will add 7 Han, v. Ma, k Xie 200714300, 2103.09844]
> g+ ¢~ annihilation [F. Garosi, D. Marzocca, S. Trifinopoulos 2303.16964]

e+1 = > Above pqcp: QED®QCD
» EPAand ISR q/g emerge

» Above upw = Mz: EW®QCD
> “Effective W Approx.” (EWA) EW partons / corrections to the above

[G. Kane, W. Repko, and W. Rolnick, PLB148 (1984) 367] ¢+, v
[S. Dawson, NPB 249 (1985) 42]
o/, /v v Z]W N ZIW
€+/l/£ < f ; ; f >€ /V[

/Z|W V/Z/W

ot VZIW f A9/ZIW yjgjziw f o A[ZIW -
In the end, everything is parton, i.e. need the full SM PDFs.
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Below the EW scale 10 w———
102} —Q =30 GeV
. N --Q =50 GeV
> Muon PDFS- fllva,l’ f’y7 fesea,7 fq7 fg & it 3 Q
> Scale uncertainty: 20% for f,/,, S s
101t
Above the EW scale
1072 : S A N )
- 101 10°° 102 10! 10°
» All SM particles are partons z
[T. Han, Y. Ma, K.Xie 2007.14300, 2103.09844] 103
Muon beam
» The sea leptonicand quark PDFs show up 10 R ~@=31
V = Zz (V'L + 177,)) _ ’Qs 101:\ \I‘(‘/\/ I
Esea = ﬁ + Zz#u (e’l, + e’l,)) E 1001 \:::::::;w \l::ij\:\\\\ \
t o Sy J\t;;l S
1= Yl 0+ )
There is even neutrino due to the EW sector Al s o e ooome “ )

Tao Han, YM, Keping Xie,ngiv:2007.14300
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Partonic luminosity of a 30 TeV MuC Semi-inclusive processes

" L e Just like in hadronic collisions:
’i. T ) y . .
i 1+<s,.j/T G [fi(ﬁ’y)fj (E’Q2) ”"ﬂ)] ptp- = exclusive particles + remnants
. V3 [Tev L 5
71 ; 1.5 | ‘3;0 S [ e ] | | 15 3 10 i M+'u_ Ly
| S e V3 = 30 TeV VBF
10°¢ —Q=V3/2
.:::::‘\‘ ~ \‘\\\\\ __Q:\/g
15 Jo:t g —~
= WelWreee.. N F
S 02 K. W NN
, VIS . |
R . F"’F'
- annihilations
0.65 | .Ojl \ | 0i5 \ 1
\/?
The polarization is counted pp2tt=ggPtt+qq>tt

U 2t t = annihilation + VBF's

The EW radiation picture of the future multi-TeV muon colliders — Yang Ma 6 ’



INEN

S Muco Underlying sub-processes

ollaboration

Partonic contributions
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Tao Han, YM, Keping Xie, arXiv:2007.14300

pu*u Collider -- “Buy one, get one free”:
Annihilation + VBF
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rusm veco  1he general physics picture of muC

Annihilation muCQ10 TeV ~ pp@Q70 TeV | VBF

— 99

| — qq

sy [Tev]
» ¢t/ annihilation probes TeV scale directly
» VBFscans physics in the full spectrum of energy
From the threshold to up to 2 orders of magnitude above EW scale.
» It producesalotof H, top quarks, W/Z, ... as a “factory” for SM precision test
» An“EWjetfactory”
In addition to QCD jets, there are W/Z jet, H jet, t jet, neutrinojet,- - -
Even neutrino collision is not impossible!
Challenges:
Be careful about the radiation!
EW NLO shall be necessary, just like the NLO QCD at LHC.

Take luminosity 10 ab~?!
10M H, 500K HH @ 10 TeV
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More Examples
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