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Muon-lon Collider Physics Perspectives

Based on Snowmass 21 whitepaper:
Initial BNL MulC paper:
And some works in progress...

D. Acosta, P.Boyella, W. Li, O. Miguel Colin, Y. Wang, X. Zuo (Rice U.)
E. Barberis, N. Hurley, D. Wood (Northeastern U.)



https://arxiv.org/abs/2203.06258
https://doi.org/10.1016/j.nima.2022.166334

Outline

e Brief review of concept
o One O(TeV) muon ring as a first step, colliding with a high-energy hadron beam
m i.e. a DIS machine, but also a Vector Boson Collider like lepton and hadron colliders

e Experiment considerations

e Science case
o Included in our Snowmass contribution:
m Covers DIS structure measurements of p/ions, QCD
o Higgs and SM particle production processes
o BSM physics (Z', LQ)
e Future workshop
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Inspiration: The Electron-lon Collider (EIC) at BNL N &

BROGKHAUEN  Jefferdon Lab

Electron-lon Collider

at Brookhaven National Laboratory

Conceptual Design Report
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International facility approved by the U.S. nuclear physics
program. Science to begin in 2030s

EIC Conceptual Design Report recently released and

project approved. Initial detector design selected and
collaboration formed (EPIC)
But what if we

Salient paints; .
<Electron beam energy up to 18 GeV >(c}r1)anged el
Hadron beam energy up to 2/5 GeV =~ =

([

e Vs =20-140 GeV A lot of interest
e Luminosity 1033 - 1034 Hz/cm? in pp colliders
e Polarized electron, proton and ion beams (any)

Physics goals:

e ep and eN deep inelastic scattering
e Nucleon spin structure
e Gluon saturation scale (Qg)


https://www.bnl.gov/ec/files/EIC_CDR_Final.pdf

A Muon-lon Collider — Who Ordered That?

Probe a new energy scale and nucleon momentum fraction in Deep Inelastic Scattering using a
relatively compact machine

Further beyond if collided with the LHC

® ~
° ‘éﬁ up1t<-)r ?\(;6 GeV2 Well beyond the EIC, matches that of the proposed LHeC.
® xaslowas 107

Provides a science case for a (single) TeV muon storage ring demonstrator
toward a multi-TeV p+p- collider

Precision PDFs in new regimes (incl. spin at BNL)

QCD, including at extreme parton density

Precision EWK and QCD measurements

Higgs and other SM particle production

BSM / LFV sensitivity with an initial muon (e.g. Z', LQ)

Facilitate the collaboration of the nuclear and particle physics communities around an innovative
and forward-looking machine

Re-use existing facilities (e.g. MulC at BNL upgrading EIC, FNAL? CERN?) ﬁ;f;‘:sshcai\f;‘ii;fg;ﬁ?
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A Muon-lon Collider at BNL?

Acosta and Li, NIM A 1027 (2022) 166334

- Replace e by y beam at EIC , ,
Bending radius of RHIC tunnel: r = 290m

e 25 Achievable muon beam energy: 0.3Br

acceleration
(option 2) —

Parameter 1 (aggressive) 2 (realistic) 3 (conservative)
| Muon energy I |
:l (TeV) 1.39 | 0.96 | 0.73
| |
I Muon bending '
- l
magnets (T) 16 (FCC) ! 11 (HL-LHC) ! 8.4 (LHC)
< Muon bending : 260 I
radius (m) ! I
Proton (Au) l
g(rﬂg;/ion ) @ BNL energy (TeV) 0.%75 (0.11/nucleqn)
|
CoM energy I
(TeV) 1.24 (0.78)  1.03(0.65) : 0.9 (0.57)

| Js =1 TeV! 7-8X increase over EIC energy



https://doi.org/10.1016/j.nima.2022.166334

Energy Configurations and Luminosity

Parameter MulC LHC option
Sup (TeV) 0.33 0.74 1.0 — 2.0 6.5 — Vs
L,, (10%cm2s) | 0.07 2.1 47 (%) 2.8 < Estimate of lumi
i (fb!
oy 6 178 400 237
per 10 yrs
Staging options Muon Proton Muon Proton
Beam energy > .
(TeV) 0.1 0.5 0.96 0_'?71530 1.5 ¢ 7 < Beam energies
N, (101 40 20 20 3 20 2.2 — Of 3 TeV p+p-
firep (H2) 15 *But note that arXiv:2211.07513 discusses L= “N ’;N ' —min(f¥, f7)Hy,,
Cycles per 1134  beam-beam tune-shifts that limit luminosity by i max{o, oz ] max|ay, oy
bunch, Ny factor 100. ot? = [z, Br mpP [ ERP
€ xy (UM) 200 Need to optimize: decrease particles/bunch, 5
B*,, @IP (cm) 17 increase number of bunches, etc. ;
Jrans. bedim 48 76 4.7 7.1 3 7.1
size, oy, (um) 4
Muon Collider parameters + BNL/EIC and LHC proton beam parameters |
Upgrade .
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https://arxiv.org/abs/2211.07513

e Expands DIS reach at high Q2 and low x
by 1-3 orders of magnitude over HERA
and the EIC

e Coverage of MulC at BNL is nearly

identical with that of the proposed Large
Hadron electron Collider (LHeC) at CERN

107

with 50 GeV e~ beam ::
o  With complementary kinematics [ 001<y<005
e Coverage of a mu-LHC collider at CERN ng
(LHmuC) would significantly exceed | -
even that of the FCC-eh option of a 50 0 >
TeV proton beam with 50 GeV e~ beam 1
% 107 10
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() Mmuic: v (960) + p (275)
|| LHeC: e (50) + p (7000)

HERA: e (27.6) + p (920)

[ ] EIC: € (18) + p (275)

107

107"

1
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Kinematics

e Scattered muon (nincreases with Q2) S
oMl
[ = 10-° 107 1074 1073 1072 107! X " 10-° 10-° 1074 1073 1072 107! X
Distribution of Scattering Muon Distribution of Jets
e Backward tagging of muons ton=-7 Hadronic system -5<n<24

Acosta et al. — Muon-lon Collider Physics Perspectives



e Modified p*u~ conceptual detector design
e Hadron PID over wide phase space
e Detection of scattered muons is important, mostly at high n (far-backward), with

good resolution up to TeV scale
o Useful also for an experiment at a p*u- collider to tag/veto NC VBF processes

e Shielding nozzle only on incoming muon side (Needs BIB study)

n € (=7,—-5)?
Ty
Far-backward || Silicoacker PID Muons sTsh=0,
muon system || (w/ timing) RPs o(p)/p < 5%
HE G “+
Tracking -5<n<2.4
-4<n<2.4,
PID
ik p<100 GeV
Calorimetry -5<n<2.4

(jets, photons)

Acosta et al. - Muon-lon Physics Perspectives



DIS Evolution and Physics Landscape

Inst. Luminosity (cm?s)

%

T T lllllll
B

3

T lllllll

3

T IIIHII

lllllll T ) lllllll T T lllllll 1 1 Illllll

Lepton-hadron (ion) colliders Higgs, BSM physics
(leptoquarks, Z’,
compositeness, ...)
Ic A\ Ve
o\ Precision el
3D spatial and mome
=

T 11T

”~

imaging, tomography

/ Precision QCD, PDF,
'Spin and flavor structure 91 nucleons and nuclei

/

QCD at extreme parton density -

Nuclear Structure ot ration, Non-linear dynamics, Collectivity

Lol | Lol ! Lol 1 ool

10 10 10° 10
Center of Mass Energy Vs (GeV)
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do / d(Q?) [pb/GeV?
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DIS Differential Cross Sections in Q2

1078

10710
107"
107"2

Differential Cross Section (1L p NC)

MulC Prospective
"\\ NC DIS across
N machines
N’
Ny
N
ERA reach
—_—
e LHmMuC
+  MulC2
= MulC
v HERA .
JHHH‘ | \HHH‘ L \HHH‘ | \HI\‘ 1 \HHH‘
10° 104 10° 108 107
Q? [GeV?

do / d(Q?) [pb/GeV?

Differential Cross Section (MulC)

10*
10°
102
10

]
10
1072
107
107
10°°
107°
107
1078
107°
10710
107"
1072

MulC Prospective
nwpNC
* utp NC
NC & CC DIS with
L & p- at MulC

npCC
+ pwpCC

Computed with Pythia8
and NNPDF2.3 PDF set,
0.1<y<0.9

Total integrated CC cross section

Machine|Q? > 1/Q2 > 3 x 10°|Q2 > 10°|Q? > 3 x 10°

W
™
EEREEL 1l

108

Lol HH\‘ |
107
Q? [GeV?

| \HHH‘

10°

10*

JHHH‘

10°

Probes well beyond HERA and the electroweak scale

Highest Q2 requires largest integrated lumi (1033-1034 Hz/cm?)

pp—>vpX
HERA | 68 0.038 -
MuIC | 200 5.2 0.12 0.0053
MulIC2 | 345 13 0.92 0.20
LHmuC | 860 43 4.6 1.6
wp > X
HERA | 37 | 0.00095 - -
MuIC | 160 14 0.0090
MulIC2 | 300 6.5 0.22 0.029
LHmuC | 850 36 3.0 0.83

o But measurements low Q2 and x can benefit from relatively low lumi orders of magnitude smaller

11



Physics Potential for Structure Function & QCD Measurements

—_ 7 S 10° —_—
'k x=0.00003 © —_ _
g f o o x=0.0001 g 10 —_ —__ MulC
‘g 6 . ° ° < x=0.0003 o 1 0® __—_ —EIC
X e * e x=0.001 3 102 Enn—
TN - o ° PY © I —
5:_0 ® ° ° ° 10 —_— —
L e . e o o X=0.003 1 _ -
41— ° ~ © —_—
.0 8 0 . , x=001 107 _
i o ¢ * -2 -
3:_' ° s s B° e *° x=0.03 10_3
oo 8 .t 10 _
2_—. o o © e © e 8 ° 4 i . + x=0.1 10—4
- ¢
L o ©o o6 8 o o o 0 0 g © o ° M 105
- ulC
1: I I EIC I I 10_6 | | 1 1 1 1 1 1 1 1 I 1 _Irl 1 11
1 10 10° 10° 10* 10° @ [Gevl]os 10 10 P, [(E.e\‘vP3
F, Structure function projection of EIC vs MulC Single jet P+ spectra projection of EIC vs MulC
2 T

Pseudo-data representing one year of running
(28 weeks and 50% duty cycle - ~40 fb~1)
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Nuclear Physics: Decorrelation of Mu-Jet Final State N A

e Promising observable to probe the dense gluonic medium inside a heavy
nucleus, and the possible gluon saturation effect is the decorrelation in
azimuth from back-to-back of the muon-jet system

1

(7] 1E [%2] E
E - electron E - muon
5 - EI C 9GeV/c<pT <11GeV/c S - MUI C 9GeV/c<pT <11GeV/c
o | electron o] | muon
(&) — 18(‘3.eV/c<pT <22GeV/c (&) 18GeV/c<pT <22GeV/c
3 I 45GeV/c<p®*""<55GeV/c 3 i 45GeV/c<p™'<55GeV/c
T T
S q0'E ——— 80GEV/o<p®*""<120GeV/c N 107 — 80GeV/c<p™"<120GeV/c
© = T © - Py
E £ E
g | g |
1072 == 1072 ==
10—3IIIIII II 10—3IIII|II_>IIII Illlllllllllllllll 'llllll""
0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 025 03 035 04 045 05
et jet
|¢l _¢electron_n| |¢J _¢muon_n|
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Higgs Physics with MulC

e VBF mode
o o grows with vs, with CC exchange largerthanNC "W __ % ___
o Cross section comparable to LHeC and p*u- colliders
e Acceptance

o All final state objects, other than the muon,
are in central region of detector (in contrast to LHeC) 350

P - 6300; MulC Prospective
% .[ MulIC Prospective [ 275GeV p X960 GeV w i Muon acceptance |
10°E i ] Track acceptance
g = 250 Higgs
10°F /4/}; e : Aknn ~ Decay products
i A y NN — Stuckquark |
102 » 200~ §S§ §§S§ ————"Scattered lepton |
g Ve : AN ]
10F r il 150} N
: v total — NN
= Sy cc NN
1F / NC 100l AN
g ® 0.96 TeV X 0.275 i AN
107" F / m 1.5TeV X7TeV AN
. - 5 T¢ 50 Te! = N -
Computed with MadGraph ~ , .[ [ 4 18Tev XS0Te 0L |
-10 -8 -6 -4 -2 0 2 4 6 8 10

107" 1 10 0?2
Acosta et al. - Muon-lon Collider | Vs (Te\))


https://arxiv.org/abs/2203.06258

Higgs - bb with MulC

e Pseudo-analysis for H>bb

o Requirements that enhance CC VBF process —{Sealed to 400.0 1)

£ i N ] ]
over NC DIS bb background: S _ Mulc Proispeéctive NG
o 3jetsin final state (2 b-tagged) $ 500|275 GeV p'X 960 GeV i’ SUUHICC
o muon veto, MET o 2 N S
o Higgs Pt R e e P A ‘DIS_bb
o S/B~1forH->bb i
o Expect ~900 selected H->bb in 400 fb-' (10y) ol @ E
@ 1TeV MulC 2002 | es study
m Increases by factor 10 at LHmuC i
100} -
o What about H>cc ? % 20 40 60 80 100 120 140 :ns(gb;?ges?o

o Difficult at LHC

o See next slide
Acosta et al. — Muon-lon Collider Physics Perspectives i



P.Ahluwalia, S.Sekula, et al. (SMU) arXiv:2211.02615

e Similar pseudo-analysis of H 2>cc
at1 TeV MulC

o But smaller BR
o Smaller c-tagging efficiency (27%), and more bkg...

e Selection:

o Etmiss > 50 GeV
o Veto scattered muon (NC)
o =2 charm-tagged jets

e Yields only a handful of events...

e Did not study yet mis-tagged light dijet bkg,
whose cross section is much larger

e However, there may be topological features useful
to discriminate signal (as seen in event displays)

e Also Higgs cross section grows with Vs

e But fair to caution using H ->cc as a motivation
for MulC... ®

Acosta et al. — Muon-lon Collider Physics Perspectives

Signal

104

102

10°

102

1074

Background

MulC simulation [Fast Simulation]
MG5_aMC@NLO + Pythia8 + Delphes

= H-cc (NC DIS)
= H-cc (CC DIS)
= Z-cc (CC DIS)
= Z-cc (NC DIS)
== Di-charm (CC DIS) ]

—— Di-charm me. > 50 GelV{NC DIS)

miini

25 50 75 100 125 150 175 _ 200
Charm Dijet Mass [GeV]


https://arxiv.org/abs/2211.02615

Other SM Particle Production

e Vector boson production, e.g.
o Sensitive to triple gauge couplings
o o(W) =19 pb for1 TeV MulC
o 2.1 x10%leptonic W — Iv decays
into each lepton flavor for 10 fb-1

e Single top production

o Direct measurement of |Vy,|
o o(t)=1.0 pbfor1 TeV MulC

Potential for precision coupling measurements (and maybe mass measurements, with larger ¢ at
higher vs and higher luminosity)

Acosta et al. — Muon-lon Collider Physics Perspectives 17



Probing Z' Models Relevant to LFU Violations

e Consider Z' models and couplings discussed in M.Abdullah et al., Phys. Rev. D 97,
075035 , that couple via 09 operator mostly to 2" generation leptons (p) and 2"
and 3" generation quarks (s, b) to explain anomalies in B meson decays.

e b Ag [gﬂﬁr“u + g,y P,

+95 Y G7*PLq + (9057"PLb + h-c.))] (6)
q=t.b

o g, and g, are flavor conserving couplings
o &, parameterizes non-flavor conserving couplings
@) gbabsgu(loo C‘JC\,/I‘I‘I.Z')2 ~ 1.3 x 10_5 (5)

to fit lepton flavor universality violations

diagram 1 BSM=3, QCD=0, QED=0 diagram 1 BSM=2, QCD=0, QED=0

e Consider interference with NC DIS
o so flavor conserving coupling dominates (a) suy——=>bu— (b) bpu—— b pu-—

Acosta et al. — Muon-lon Collider Physics Perspectives e


https://doi.org/10.1103/PhysRevD.97.075035
https://doi.org/10.1103/PhysRevD.97.075035

e Perform pseudo-analysis using a
cut-and-count approach on the
reconstructed Q2 from the muon,
optimized for sensitivity

e Apply b-tagging and mis-tagging
efficiencies to final state jet

o b,c,light: 70%, 10%, 1%

— 108

MulC

MulC @ L=30 fb™

N> oF [a0] [
10°F = + 06
[0} L y N
8 1of MulC - Prospective \Q !
8 102 ’
S oif i
< 102k D e s
D oeEE el
Lo it 1 -
O 107 A hET
108F L~
1010k +-Pure Z : ‘,‘
F i Intf: H
10"2: § t -|_et1
10°4E . P'iﬁ'
107
10-18' Lo L1 L1 pabililiy
10° 10 10° 10°
Q%[GeV?Y

e Derive expected limits LHmuG @ m =500 GeV
e Generally need LHmuC s =

(120 fb™7) to be competitive o>
with HL-LHC (3000 fb~7) ’

102
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(a) mz: =500 GeV

10° 104
2 2:
Q;, [GeV7]

(b) mz = 500 GeV

MulC2 @ m,=500 GeV

< 15\M14I[C

Prospective....... .o
B¢

(b) MuIC2

MulC @ m,=500 GeV

(c) MulC



e Studies focused on LQ models inspired by B and p anomalies
o S3type LQ (F=2, LL coupling, ub), 2 = 0.1, M = 500 GeV shown here

e Consider interference with SM DIS in both s- and t-channel
o Negative interference term subtracts from SM DIS diff. xsec

e Try Z cut-and-count method on reconstructed Q2 to estimate sensitivity

MulC Prospective Differential Cross Section

*  SM: b-jets
1 T *  SM:cjets
10 . . te. +  SM:lets
c L teltn . «  abs(int): bjets
-1 °.. . . ¢ total
100" . .,
o~ N L]
L)
3 = ',
0] ., .
2 10°- . -
2 -
sfg
107 -
10 -
LN | 1 1 1 L | 1 1 1 L R R |
10° 10° 10°
Q? (GeV?)
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MulC @ L = 400.0 fb~!

10°

"
10°
Q2 (GeV?)
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Future Work: Full Simulation Studies with BIB using IMCC

Only one side BIB is turned on

Our next step: Study the feasibility of experimental measurement with BIBs
and detector requirements (e.g. on forward muon spectrometer)

Would need to also redo BIB simulation with one nozzle missing
Acosta et al. MulC




MulC Synergies with a Muon Collider

e Siting a muon collider at a facility with a high energy hadron ring opens up an

interesting additional, complementary science program
o DIS and QCD, but also electroweak cross sections are comparable to those in py+u- collisions
(Need 1.5X larger v's)
e Re-use of existing hadron ring infrastructure helps allay some of the cost
o Also simplifies the design to some degree
o Can still benefit from a lower initial muon beam energy if collided with TeV scale hadron beam
e A MulC provides a science case for an initial muon collider demonstrator

o Luminosity demands for proton/nuclear structure measurements at extreme parton density
(low x) are much less stringent than the ultimate needs for Higgs studies, etc.
o Interesting DIS measurements even for staged muon energies from ~100 GeV

e A MulC would have both particle physics and nuclear physics interests
o Two communities to join in detector development and construction
o Joint funding from particle and nuclear physics programs?

e Similar detector needs

o Particularly interest in high eta muon spectrometer(s)

Acosta et al. — Muon-lon Collider Physics Perspectives 2z



Future MulC Workshop

e \We plan to organize a workshop on the topic of MulC later in 2023 at
Rice University (secured some funding from the university)

e Aim to bring experimentalists, theorists, accelerator physicists from the HEP
and NP communities together to discuss key issues in developing the

muon-ion collider concept, as well as associated technologies
o Synergistic with further muon collider discussions ?

Acosta et al. — Muon-lon Collider Physics Perspectives Z



Summary

Acosta et al. — Muon-lon Collider Physics Perspectives

Collisions of a TeV-scale muon beam with a high-energy proton/ion beam
provides a novel way to explore new a regime in DIS at high Q2 and low x
o Two proposed options are at BNL/EIC (vs = 1-2 TeV) and CERN/LHC (Vs = 6.5 TeV)

Luminosity could be a challenge, and needs accelerator study
o However, there is a science program to do even at low luminosity (new DIS regime)

Precision electroweak, QCD, and SM particle production measurements

(including Higgs) can be performed with sufficient integrated luminosity.
o H->cc would be very challenging, however

May be an interesting collider to study some BSM physics models
o Z’ study performed
o Leptoquark study in progress (Rice undergrad doing a senior thesis)

Many synergies with muon collider development, nuclear and particle physics
programs

24
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e Compute equivalent parton luminosity of
a yp collider for 2—1 and 2—2 processes 16000} - .

e We find that a p*p- collider is equivalent
to a pp collider with 1.5x higher vs

|5, (GeV)
g
o

in terms of its discovery potential. TE M
2oooz:§/| : . Sup - 15\/%
e Put another way, colliding just one muon ™. R R R T
beam with a well understood (existing?) 5. (GeV)
high energy proton beam can explore interesting EWK phase
space

o Higgs production is via Vector Boson Fusion in both high energy
pu*tu~ and pp collisions
o Swapping 50 GeV e- beam with >50 GeV p beam exceeds 1.3 TeV LHeC Perhaps an interesting

energy scale at CERN, but with potential to go to higher energy! first step for a non-US
muon accelerator?
Acosta et al. — Muon-lon Collider Physics Perspectives



DIS Reach in x and Q% for 2A Collisions

e (Can explore well the predicted region of gluon saturation regime in ions
at low x in the GBW model [Phys. Rev. D 59,014017 (1998)]
(and in protons, prev. slide)

e Alsothe MulC at BNL can scan a

. . . ")GEED MuIC: u (960) + A (110)
Wlde range Of IoNn SpeCIeS, and 105; [: EIC: e (18) + A (110)
beam polarization F [ LHeC: &7 (50) + A (2750)

10° -
— F o0o01<y<o095
go’w“?g
T ,
Saturation scale: 10;\0&@&”@)
QZ(A) = AY3QZ(p)
1

Acosta et al. — Muon-lon Collider Physics Perspectives


http://arxiv.org/abs/hep-ph/9807513

DIS Evolution and Physics Landscape

10*

Inst. Luminosity (cm?s™)
% %

3

Elllllll ] Ll lllllll ] ] lllllll 1 L] IIIIIII
- Lepton-hadron (ion) colliders
B FCC-eh
LHeC ¢

= EIC
= —o LHmuC
B El ?:/‘ MulC X
= o
B COMPASS
= V HERAII
B HER.MES doubly polarized -

1 :Tl 1 lll 1 1 11 11 lll vl lv l{_}[l:fulu’-l]]ll 1 1 1 1 11 lll

10 10 10° 10°
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Center of Mass Energy Vs (GeV)

29



Kinematics

Scattered jet

MulC mu-p 1000 x 275 GeV, Constant Ehad - Eta_had

e Scattered muon
MulC mu-p 1000 x 275 GeV, Constant E - Eta_lep

106 ;IIIIIII T IIIIIIII T Illlllll T llll|||| T Illlllll T lllll|l|_; 106 —LIIIIIII T ll|ll||| T l|||l|l| T Illlllll T llllllII T IIIIIIIIJ—
- 3 = /’ 3
: ] F 500]
10° + 10° | -
10° F E| 10° E } E|
- ] s 1/ 3
s ] - v
103 | 3 10° F A
F : F VR
i - i 1]
g - o | A
102 | - 10° s 1A
= 3 = 11 3
- : [ g
| ; o b -
10 F E g ”/'/’ : : E
- ] Al 11

| - - 7 11
o L _ 10° = |
107 F 900° Lz F . 5 271,07 1 2" 3 160 275
[ o . B 7 b
L - L 7 / -
10" | 32’5" | 107" F -~ 3

IIIIIIII 1 IIIIIIII I IIIIIIlI 1 IIIIIIII 1 IlIIIlII 1 IIIIIIIIE IIIIIII[ 1 IIIIIIII I IIIIlIII 1 IIIIIIlI 1 IIIIIIII 1 IIlIIIlI

1075 1074 1073 1072 10" 10° 1075 1074 1073 1072 107" 10°

X X
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Nuclear Physics at the MulC

Gluon saturation 3D Nucleon structure

Nucleon spin puzzle

Qz(ﬁeVZ) “Helicity sum rule”

§ | ouarks an < i 4251 Gt 1, 1

3 —h=—AZ+AG+2Lﬁ1+LZ

P Strongly Correlated ) '\3 2 2 \ fJ \q—Y—j
Quark-Gluon Dynamics A : & mrk-,con%:rb?ﬂi on orbital'angular

non-perturbative  perturbative

%
0 >
| ot
%% 7 Pomerons
s Regge trajectories A\

weak
coupling
Distribution of gluons

strong
coupling

Parton Density

What’s the property of
high-density gluon matter

A

1/x

2
PN\

+ br (fm)

contribution momentum

1 ————
L Q=10 GeV?

r current 1
05 data b

N Dssv+ ]

100
I EC25% 1
EIC 20x250 |
L all uncertainties for Ay’=9 _}
JR T I E EE A
03 0.35 0.4 0.45
1
fA):(x,Qz) dx
0.001

MulC to reach x ~ 10
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Lepton DIS Kinematics of MulC Compared to LHeC™ >

MulC mu-p 1000 x 275 GeV, Constant E - Eta_lep LHeC ep 60 x 7000 GeV, Constant E - Eta_lep

6 = IIIIIII T T IIIIIII T T IIIIIII T T IIIIIII T T IIIIIII T T IIIIIII = :IIIIHI T T IIIIIII T T IIIIIII L} T IIIIIII T IIIIIIII T T IIIIIII 1
F E 10° |

- ] - 0

10° = E
s | 10° 3
104 = -
- ] 104 3
10° = i
o] i ] § 10°

102 'i- —EI E E

i ] 10% E

10! E = E :

- 101 = |

10° 3 -

i ] 100 =

107" F 990+ E

1 Illllll 1 llllllll L L lllllll 1 1 Illllll 1 llllllll L llllllll 3 lllllll L L lllllll I 1 lllllll 1 1 Illllll 1 llllllll 1 L lllllll :
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e Much higher scattered muon energy and higher |n| at MulC
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Hadron DIS Kinematics of MulC Compared to LHeC™ A

LHeC ep 60 x 7000 GeV, Constant Ehad - Eta_had

MulC mu-p 1000 x 275 GeV, Constant Ehad - Eta_had
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® Hadron system peaks more in proton direction and lower energy at low x for LHeC
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e The scattered muon is in the far backward (downstream muon) direction
e Hadronic system is more central, but toward muon beam direction

: MulC mu-p 1000 x 275 GeVl Constant E- Eta Iep DIS Scattered Lepton Eta vs. Beam Energy DIS Scattered Hadron Eta vs. Beam Energy
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DIS Resolution Studies

Resolutions of reconstructed Q?, x and y with 3 methods

Q2 vs. x plane: | |
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e Muons:10% at1 TeV,n>-7
e Hadrons: -4 < n < 2.4 (shielding)
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Full Simulation using IMCC Software — Workflow

190 BIB Event + 1 DIS Event BIB file: sim_mumi-1e3x500-26m-lowth-excl_j1.slcio
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Full Simulation using IMCC Software — Workflow

190 BIB Event + 1 DIS Event BIB file: sim_mumi-1e3x500-26m-lowth-excl_j1.slcio
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DIS Differential Cross Sections in Q2

Differential Cross Section (HERA)

MulC Prospective
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Higgs Boson Cross Sections at MulC

TABLE XII. Cross sections, in fb, for 125 GeV Higgs boson production in p~p scattering. The p~ beam

energy is 960 GeV and the proton beam energy is 275 GeV. P is the polarization of the muon beam.

P=-40%P=-20%P=-10%P=0%P =10% P = 20% P = 40% P = 100%
occ 91.1 78.2 71.7 65.1 58.8 52.1 39.0 0
ONC 12.6 12.1 11.9 11.6 11.4 11.1 10.5 8.9
o | 0.0224 0.0187 0.0174  0.0158 0.0139 0.0128  0.0096 0
total| 103.7 90.3 83.6 76.7 70.2 63.2 49.5 8.9

TABLE XIII. Cross sections, in fb, for 125 GeV Higgs boson production in p*p scattering. The u* beam
energy is 960 GeV and the proton beam energy is 275 GeV. P is the polarization of the muon beam.

P=40%P=20%P=10%P=0%P =-10% P = -20% P = -40% P = -100%
occ| 45.0 38.2 35.6 32.1 28.9 25.6 19.2 0
onc| 124 12.0 LT 11.6 11.3 11.0 10.6 9.1
o | 0.0220 0.0190 0.0173 0.0157  0.0142 0.0127 0.0093 0
total| 57.4 50.2 47.3 43.7 40.2 36.6 29.8 9.1
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W Boson Cross Sections at MulC

TABLE VIII. Cross sections for the W*u~ process in up collisions for different beam energy configurations

and with different cutoffs on the scattered muon pr. The listed cross sections are in pb, with scale uncer-

tainties and PDF@®a; uncertainties. The p~ beam energy is unpolarized in all cases.

E, xE, (TeV?)| Inclusive p4>1GeV | p%>2GeV | p&>5GeV
0.96x0.275 8.3 119%% 0.7 12.20 *35% 0l 186 1308 T05%1.82 5% 10R%
096x0.96  [22.4 117% 07R16.19 10, 070 15.18 TG, T07R18.77 100% 10TR
L5x7 90.1 *69% 10% 274 55% 0w 231 500 "0 176 i6% orsv
15135 124 15008 T11% (38T 165% Too% 326 1555 0o | 250 T35 Torav
1.5 x 20 150 ’_fgégg tiig“j 47.0 tgg;ﬁ tgg;‘; 40.0 tgégg jggg; 30.6 tggé jgggﬁ TABLE VI. Cross sections for the W~v,, process in p™p collisions for different beam energy configurat
1ox0 | g 43 s 428 Ko 538 i ans o0 The b snry b oz i ll
E, x E, (TeV?)|o (pb) Scale unc. PDF&q; unc.
0.96 x 0.275 180  *28% e
TABLE IX. Cross sections for the W~u~ process in p~p collisions for different beam energy configurations 0.96 x 0.96 747 7 Zf;f’ j}:gg
and with different cutoffs on the scattered muon pr. The listed cross sections are in pb, with scale and 1.5x7 52.8 5% iy
PDF@®a; uncertainties. The p~ beam energy is unpolarized in all cases. 1.5x13.5 79.8 iigﬁfﬁ ﬂigg‘:
E, xE, (TeV?)| Inclusive p5 > 1 GeV p%>2GeV | p4%>5GeV 162 20 00 g% e
096x0275  [8.69 *07% 0% 1210 *L% 09 /1 71 18 0% 1 25 4% 00 CALEEENEUSE. . T
0.96x0.96 |21.2 2550 050 15.76 3T 051479 15 T0w 357 0% 0%
L5x7 86.7 1515 Tion | 268 65% 105% | 228 T8I 100w 178 15 T0R%
L5x13.5 121 *55% 110% (383 1568 Tio% 326 134% 105% | 256 Te5 Toov
1.5%20 145 155% 113% | 470 15a% 110% | 401 1R 1ro% 316 1T 105%
1.5 x 50 221 153 110 | 736 T95% 1iio|633 0% 111k |50-3 155 %

Acosta et al. — Muon-lon Collider Physics Perspectives sl



Leptoquark Production with Top
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