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“Energy AND Precision /

A muon collider is an amazing discovery machine:
production of EW particles up to several TeV of mass...

... but also a tool for precision measurements

A. Wulzer

Energy Precision High-energy
Precision
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+ Huge single Higgs rate

In vector-boson-fusion:
107-108 Higgs bosons at 10-30 TeV
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A High Energy Lepton Collider
IS a “vector boson collider”

For “soft” SM final state § ~ mzy,

cross-section is enhanced
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“High rate probes:_Higgs physics <

A 10+ TeV muon collider is a perfect Higgs factory!
=2

+ Signal-only estimate: ~ 107 Higgses at 10 TeV + efficiencies, BR

m rough estimate: 10-3 for dominant decay channels @ 10 TeV

(as a comparison: 1.7 x 107 Z bosons @ LEP)

Low energy

e+e- factories TeV-scale

(FCC-ee, CEPC, ) LHC: fe 107 _
ILC, CLIC380) et+e factories WX FCC-hh:

(CLIC, ILC1000) HL-LHC: few x 108 few x 1010
I i
109 1010

Muon colliders: 106 — 108 # of Higgses
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“High rate probes:_Higgs physicS <

A 10+ TeV muon collider is a perfect Higgs factory!

@I ‘

+ Signal-only estimate: ~ 107 Higgses at 10 TeV + efficiencies, BR

m rough estimate: 10-3 for dominant decay channels @ 10 TeV

“Muon smasher guide” 2103.14043

Forslund, Meade 2203.09425

13 043 0.14 | 0.

k-0 |HL-LHC|  1LC CLIC  |CEPC|FCC-ce
fit 250 500 1000 | 380 1500 3000 240 365
kw (%] 1.7 ~."f/1.80.’25'ﬂzﬁgz1’ﬂm‘1ies'0.11 1.3
kz (%] 15 [0.290.23 0.22( 0.5 0.26 0.23] 0.14 |0.20 0.1
Ro (%] | 23 |23 09706625 13 09| 15
Gy [%]| 19 |67 34 1998 50 22| 37
kzy (%] 10. @* 86x 85% |120« 15 6.9 | 8.2
ke %] | - |25 1.3 0943 1.8 14| 22 |18 1.3
ke (%] 33 | - 69 16| - — 27| - |- -
ko (%) | 36 | 1.8 0.58048]|1.9 0.46 0.37| 1.2 |1.3 0.67
fu (%) | 46 [(15 9.4 6.2 [320x 13 58| 89 |10 8.
ke (%) | 19 |1.9070057[3.0 1.3 0.88] 1.3 [1.4 0.73

FCC-ee/
eh/hh

s
10000

dominant channels
~ other Higgs

factories

rare modes
much better
~ hadron collider)



‘Double Higgs prodtction

+ Large double Higgs VBF rate: Higgs trilinear coupling from hh — 4b

E [TeV] < [ab ] Nrec OK3
3 5 170 ~10%
10 10 620 ~ 4%
14 20 1340 ~2.5%
30 90 6'300 ~1.2%

B, Franceschini, Wulzer 2012.11555,
Han et al. 2008.12204, Costantini et al. 2005.10289

LHC excluded

credits: Craig, Petrossian-Byrne
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“Double Higgs prodtictioh

+ Large double Higgs VBF rate: Higgs trilinear coupling from hh — 4b

E [TeV] Z [ab1] Nrec 0K3 12 16%
3 5 170 || ~10% Ll |
10 10 620 ~ 4% o 12 LI
= 10 |
14 20 1340 ||~25%| = ' I
30 90 6'300 ~1.2% I ”
3.7
B, Franceschini, Wulzer 2012.11555, 4+ 2.5%
Han et al. 2008.12204, Costantini et al. 2005.10289 2 1.2% ]
0 B

Events [a.u.]
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[0k3 = 10%] x 12

Jet polar angle O
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>

u3  pl0 pld 30

Weak dependence on angular acceptance
(signal is in the central region)

Some dependence on detector resolution
(to remove backgrounds)

B, Franceschini, Wulzer 2012.11555
see also CLIC study 1901.05897 .



{fD;?)‘ubIe Higgs production_

+ Large double Higgs VBF rate: Higgs trilinear coupling from hh — 4b

E [TeV] < [ab ] Nrec OK3
3 5 170 ~10%
10 10 620 ~ 4%
14 20 1340 ~2.5%
30 90 6'300 ~1.2%

B, Franceschini, Wulzer 2012.11555,
Han et al. 2008.12204, Costantini et al. 2005.10289
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Weak dependence on angular acceptance
(signal is in the central region)

Some dependence on detector resolution
(to remove backgrounds)

B, Franceschini, Wulzer 2012.11555

see also CLIC study 1901.05897



. EFT description
4 breaks down here

Events

0 1 2 3 4 G

Precision < Energy [TeV] < > >

SM measurements  High energy (indirect) probes direct searches

Ao (E) E? 1072, E~10TeV
X ~
osm(E)  Afgm 107%, E ~ 100 GeV

| oy~ 1A

Y F..(q")
Higgs

"Wz

+ EW high-energy probes: uC can test scales of 100 TeV or more!
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+ Di-Higgs production is affected by two operators: Og =

2
+ NP contribution from O, grows as E2: On 9 (au’H\Q)
high mass tail gives a direct measurement of Cy /

>
High-energy WW — hh more sensitive than L )
Higgs pole physics at energies = 10 TeV T = hhu
< \\

100F

50}

Events

20+

10}

Ecm [TeV]

0 1 2 3 4
My, [TeV]

(see also Contino et al. 1309.7038)

T~

S/B low-precision measurement
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“Flavour; muons vs-électrons.

+ New Physics (especially if related to the Higgs sector) could distinguish
the different families of fermions.

+ EW interactions are flavour-universal: an accidental property of the
gauge lagrangian, not a fundamental symmetry of nature!

> Example: Yukawa couplings, the only non-gauge interactions in the
SM, violate flavour universality maximally!

(@m0 ()

A muon collider collides 2nd generation particles:

+ can have access to flavor processes
than cannot be efficiently probed elsewhere

+ could test flavour structure

10



+ Flavor processes: rare decays & tiny effects

Blavor and precision L

BR(B, — uu) ~ 107°,

BR(z — 3u) S 1075,

Aaﬂ ~ 10~

= need billions of events, usually probed by means of

high-intensity experiments

+ Muon-collider: very large number of (clean) EW particles,
but overall event rate not comparable to flavor factories

events

108 ¢

— Y0 S tth ]

Y/

Eem [TeV]

Total events

100

10001

108
106

104 |

Energy [TeV]
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+ NP effects are more important at high energies < = %+ N Z C,0;

. EFT description
4 breaks down here

Events

o K 1 2 = —
Precision < Energy [TeV] < > >

SM measurements direct searches

High energy (indirect) probes

1072, E~10TeV
107%, E ~ 100GeV
10710, E~1GeV

Ac(E) E?

X2
osm(E)  Aggm

X

> very powerful at a p-collider with 10’s of TeV

» taken to the extreme for flavor processes: gain can be as large as (E/mﬂ)2 o



“Lepton flavor violation /

H € Four-fermion interactions: muon current
coupled to flavor-violating bilinear

Ce3,u

K A?

" (er gl py p)itp gL 1y g)

+ Charged lepton flavor violating processes: © — £y, u — ey, u — 3€

some of the strongest bounds on (generic) BSM interactions

BR(u — ey) $4x 1071

BR(u — 3e) S 10712

a
A > 10°TeV x —
47

not in reach of any collider experiment &

13



“Lepton flavor violation /

H € Four-fermion interactions: muon current
coupled to flavor-violating bilinear

Ce3,u

K A?

" (er gl py p)itp gL 1y g)

+ Charged lepton flavor violating processes: © — £y, u — ey, u — 3€

some of the strongest bounds on (generic) BSM interactions

BR( — €7) S 4% 107" e/ o

BR(u — 3e) S 10712
“+
U+

6 04
A 2 10°TeV X — x small

a probe 100TeV scale physics!?

can probe larger set of operators —
than u — ey, u — 3e? @ m talk by Ryuichiro

13



“Lepton flavor violation /

H T Four-fermion interactions: muon current
coupled to flavor-violating bilinear

€3 u

K A?

y (T gV Mr.R) L RY yHLR) w talk by Sam yesterday!

+ Charged lepton flavor violating processes: © — £y, u — ey, u — 3€

some of the strongest bounds on (generic) BSM interactions

+ 3rd generation less severely constrained:

[TeV~2]

1 t — 3u constrains NP scale A > 15 TeV [Belle]

Kkl
2

4 2
my ) ) E
125 GeV BR(T — 3/1) ~ F G(Iu/,t — T,Ll) ~ ﬁ
0.01 - geie

already at 3 TeV the same sensitivity as Belle |,

e A > 40 TeV ) o
10-4 Muon smasher guide” 2103.14043
14 TeV Homiller, Lu, Reece 2203.08825

14



“Lepton flavor violation /

H T Four-fermion interactions: muon current
coupled to flavor-violating bilinear

(:t3;t

K A?

y (T gV Mr.R) L RY yHLR) w talk by Sam yesterday!

+ Charged lepton flavor violating processes: © — £y, u — ey, u — 3€

some of the strongest bounds on (generic) BSM interactions

Muge-Il Mude  SINDRUM Correlation with u — 3e:
' ' ' assumes flavor structure

A rC

~ quark sector:
competes with Mu3e

~ neutrino sector

100 TeV

“Muon smasher guide” 2103.14043
Tev-2;  Homiller, Lu, Reece 2203.08825

| Cy3o|

10-5 104 0.001 A2 14

10-8 10-7 1076



“Quiark flavor violation

b Four-fermion interactions: muon current
coupled to flavor-violating bilinear

Cps 7 _
,u A_;(bL,RypSL,R) (//lL,RYp//lL,R)

+ Contributes to (semi-)leptonic rare B decays b — suu: branching ratios

& angular observables of various hadronic processes

B, = up,  B—KOuu,  Bi— dup, A, — Aup

+ Theory & systematic uncertainties: = 100, T
. . . é - . b — suu onl
rare decays cannot improve indefinitely = | —
S B AU
myy, E* 3

g7 CKM-like
BR(B — Kuu) ~ NG Vi, olug = jj) ~ AE £ 10 i
| | § O [TTTTTTTTTTTTTTTTTTTTTTTTTTURHILIG
Azatov, Garosi, Greljo, Marzocca, f e
Salko, Trifinopoulos 2205.13552 I S T R T R —T

see also Altmannshofer et al. 2306.15017 Energy [TeV] 15



“The muong-2- -

+ Example: muon g-2. Can it be tested at high energies at a muon collider?

BNL g-2
O !
Aa, =251(59) x 107!
{156 >
: @ I L 4
BMWec, lattice QCD  Experimental
Standard Model Average
< 42¢ >
b ] !
White Paper
Standgrd Modell | | | | | |
17.5 18 18.5 19 19.5 20 20.5 21 21.5

au><109—1165900

Theoretical/systematic errors need to be controlled at the level of Aaﬂ ~ 107

= |ndependent test of Aaﬂ is desirable (ideally with different sys. & th. errors)



“The muong-2- -

+ Example: muon g-2. Can it be tested at high energies at a muon collider?

L
BNL g-2
@ !
FNALg-2 ACZ — 299
//l [ ] [ ] [ ]
{156 >
f ® i | @ i
BMWec, lattice QCD  Experimental
Standard Model Average
< 42¢ >
b ] !
White Paper
Standard Model

175 18 185 19 195 20 205 21 215
au><109—1165900

Theoretical/systematic errors need to be controlled at the level of Aaﬂ ~ 107

= |ndependent test of Aaﬂ is desirable (ideally with different sys. & th. errors)



“Muon g-2 @ muon-collider - R

+ Example: muon g-2. Can it be tested at high energies at a muon collider?

+ If new physics is light enough (i.e. weakly coupled), a Muon Collider can

directly produce the new particles w direct searches: model-dependent

v Capdevilla et al. 2006.16277

N m 2101.10334
Y —R— C) > >C

N classify New Physics that
B
R =
S om ey § pe can enter the loop
v oo ! (under reasonable assumptions)

weakly coupled models w/ MFV
= new states below ~ 20 TeV

17



“Muon g-2 @ muon-collider - R

+ Example: muon g-2. Can it be tested at high energies at a muon collider?

+ If new physics is heavy: EFT!
C

One dim. 6 operator contributes at tree-level: Z,_, = Aezy H(¢,0,p) eF" + h.c.

— At low energy

4m v ( 140 TeV >2
C,,

__# ~ -9
Aa, = 2 C,, = 3X 1077 X

18



“Muon g-2 @ muon-collider <
+ Example: muon g-2. Can it be tested at high energies at a muon collider?

+ If new physics is heavy: EFT!
C

One dim. 6 operator contributes at tree-level: Z,_, = Aezy H(¢,0,p) eF" + h.c.

— At low energy

4m v ( 140 TeV >2
C,,

__# ~ -9
Aa, = 2 C,, = 3X 1077 X

Dipole operator generates both Aay and py — hy

— At high energy

|Ce |2 S 2 Aa 2
S e z0.7ab< Vs )( i )

O, +,—hy —
W= ™ 280 A4 30TeV/ \3x 10-9

\/E 4, Aa, 2
Nh:a-ffz< )( ) need E > 10 TeV
10Tev/ \3x 109

18



95% CL limit on Aa,,

19

Muon g-2- @ muon-collider /“

107 ¢
10-8
10-°
10—10.....----------'-
0 10 20 30
Vs [TeV]

Other operators enter g-2 at 1 loop:

Exp. value of Aa, can

' be tested at 95% CL
/ at a 30 TeV collider!
Aa, exp. average/ ‘
/]

(with reasonable assumptions
on detector performance)

This result is completely
model-independent!

B, Paradisi 2012.02769

250 TeV \’ C, Cp C,
Aa, ~ C,, — — —
H A2 5 1000 20

Full set of operators with A 2 100 TeV

can be probed at a high-energy
muon collider

KL ,vl-?)
Cey
¥ g
(R
Collider —
(1 q
o




~

-
\ -
- -

MUO" EDM @ muon GOUid,el’j;f

10-7

Exp. value of Aa, can
be tested at 95% CL
at a 30 TeV collider!

E989 prospects:

:10_21

Aa, exp. average |

[
N1
o0

This result is completely
model-independent!

[
<
O

:10_22

95% CL limit on Aa,,
95% CL limit ond,, [e-cm]

B, Paradisi 2012.02769

10-10 L 10-23
Vs [TeV] \
Muon EDM for free!
Ag — v, Re(Ce) Collider constrains | C,, |’
H A2
=> d, 3 107%*¢ - cm
2V Im(C,,) Aag,
d = =—tang,e 3 0.0.m. stronger than present bound!

s A2 2m,,

20



“Lepton g-2 from-rare Higgs decays<

+ Dipole operator contributes also to h — ¢y decays

2 .5
NP) al|C,,|"mj

h=t T 1902 A

3
- _ am,Re(C,,)m;,
h—=¢*¢y 1672V A2
oM = [OM 4 TOM) Han, Wang
S tree ' “loop 00000 el N e ’
hocrety o tee o loop 1704.00790
(tree-level is suppressed by lepton Yukawa)

» Muon g-2: rate is too small & BREIS_?WW ~ 10~* (mainly one-loop)

BRM  x5x 10—10( Ady )
TR 3% 1077

21



“Lepton g-2 from-rare Higgs decays<

+ Dipole operator contributes also to h — ¢y decays

N,
2 5
,. NP) _ alCeyl m,
29O h=>e+y 19272A%
RN A < AN
3
- _ am,Re(C,,)m;,
h—=¢*¢y 1672V A2
\V
I' (SM)+ = [OM 4 TOM) Han, Wang
S t loop el (N e ’
olreTy e ooP 1704.00790
(tree-level is suppressed by lepton Yukawa)
. I o 0 (SM) ~ —4 ' -
» Muon g-2: rate is too small & BRh—>M+,u—y ~ 10 (mainly one-loop)

BRM  x5x 10—10( Ady )
TR 3% 1077

21



“Lepton g-2 from-rare Higgs decays<

+ Dipole operator contributes also to h — ¢y decays

3,
2
NP) B alCeyl m,?
29 W=ty 19282\
- < AN
- B amfRe(Ce},)m,?
=0y 16m2pA2
\W
M) = OM) 4 1GM) Han, Wang
ety e e TR T 1704.00790
(tree-level is suppressed by lepton Yukawa)
» Muon g-2: rate is too small & BROGM  ~ 1074 (mainly one-loop)
J h—ptp~y
(NP) ~10 Aaﬂ
BRh—wﬂ—y ~ 53X 10 <3 V) 10_9> w \Vhat about the tau?

21



+ Tau magnetic dipole moment: enhanced due to the larger mass

4vm, m> ) Present bound: Aa. < 1072
— T ~ ~ —
Aa, = A2 Ce}’ ~ Aaﬂ m2 10 from LEP ete™ — ete ttr™

u
hep-ex/0406010

if C/, scales as y, |
Can be improved to few 10-3

at HL-LHC 1908.05180
+ Contribution to h — zzy decays:

BROM)  ~ 5% 1074  (with cut on soft collinear photon) ===

h—ttt~y

could be measured at few % level by Higgs factory

20F

BRM™)  ~0.2x Aa,

1.5¢
h—ttTt~y -

y 10}

10° x dI'/dx [GeV]

05}

L Interference

00f

X =2Py,-py/m;



: o WA,

BROM — ~ 5% 1074 BRMNY  ~ 0.2 x Aa,

h—ttt™y h—t*T7y

+ MuC: 107 Higgs bosons @ 10 TeV = 5k H — 77y events, 2% precision on SM,

Aa_ <3 %107 (signal only) 3 0.0.m. improvement of current limit!
Low energy Ty I
e+e- factories ev-scdie _
(FCC-ee, CEPC e+e- factories LHC: few x 107 FCC-hh:
ILC, CLIC380)  (CLIC, ILG1000) HL-LHC: few x 108 few x 1010
| LN
108 109 1010

Muon colliders: 106 — 108 # of Higgses

23



BROM)  ~ 5% 107 BR™)  ~ 0.2 X Aa

h—ttt~y h—ttry . t

+ MuC: 107 Higgs bosons @ 10 TeV = 5k H — 77y events, 2% precision on SM,

Aa_ <3 %107 (signal only) 3 0.0.m. improvement of current limit!
Low energy Ty |
e+e- factories ev-scale _
ILC, CLIC380)  (CLIC, ILC1000) HL-LHC: few x 108 few x 1010
| | -_)
108 109 1010
Muon colliders: 106 — 108 # of Higgses

+ e+e-factory: ~ 400 H — 71y events = 5% precision on SM, Aa_ < few x 107

+ LHC: large number of Higgs bosons, but large backgrounds
Rescaling H — 7t searches ~ 350 reconstructed H — 7ty events at HL-LHC,
but 10x more background = 20% precision on SM, Aa, <5 x 1074

23



Lepton g-2 from rare Higgs decays-

BROM)  ~ 5% 107

h—ttt™y

BRMNY  ~ 0.2 x Aa,

h—ttt~y

+ MuC: 107 Higgs bosons @ 10 TeV = 5k H — 7ty events, 2% precision on SM,

Aa, S 3 X 10~ (signal only)

3 0.0.m. improvement of current limit!

+ Caveat: need to be able to reconstruct Higgs mass

in di-tau channel w/ reasonable precision

+ Reducible background: y + Z

Vs =3 TeVu* u collisions, Vs = 1.5 TeV BIB overlay
- ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! !

(7))
GJ -
'_E 0.06 :_ Muon Collider

1.5F
1.0F

0.5F

GCJ 0.05 E_ Simulation —H- bE _E
S F 044<6<270rad —Z—->Dbb 3
goo -;
§ 0.03E —E
L 0.02F =

o.o1§

L L L L L L L L | L L L L .
0 50 100 150 200
Di-jet invariant mass [GeV]

_f\

0.0

10% resolution on invariant mass
24
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“Tau g-2 from high-energy probes >
Further possibilities to measure Aa, precisely from high-energy probes

+ Pair production

dra®
+ OsMm ™ 3
B 4o |C§, 2y na’Aa’
NP = 3 A 6m’
Could probe Aa, ~ few 10-°
const. 1

Limit on g-2: Aa, < ~ E w
VL 0|

[S—
<
i

» equivalently, A ~\/E

95% C.L. limit on Aa,

[S—
S
(9]

EFT description breaks down

above few TeV! ok 5 5 n 20
\/; [TeV]

w/ Levati, Maltoni, Paradisi, Wang

[S—
)
(@)

25



“Tau g-2 from high-energy probes >
Further possibilities to measure Aa, precisely from high-energy probes

+ Hrtrt associated production DB, Levati, Paradisi, Maltoni, Wang
to appear...

p
» Main background from py — Zy

(where Z is mistaken for H)

Could probe Aa, ~ 105 @ 10 TeV

0.10F
1073
o
i <
005} g
£ 0
< 000F Li
) o\
x w107
» (@)
QO
_0.05- —6 | | n | " " " " | " |
10
| 1 2 5 10 20
\/? [TeV]
—0.10F .
010 . . . . also a bound on tau EDM!

Cw x (A/TeV)?

26



_Jau g-2 from high-intensity probes=

A high-energy lepton collider has a huge VBF rate!

+ Aa, from vector boson scatterings 1/~ — ¢ ¢ttt , vortr™

(same as LEP bound)

C 2 work in progress with Levati,
N ( ey) s, (mTQ/Az) Paradisi, Maltoni, Wang

_
=
N

> Caveat: VBF is a “soft” process, |
EFT mainly affects high-mass region 00T

A2

Aa_x 10* from £t¢~ — ttrvi
0.06

0.04 -

C.g x TeV?

0.00 -

Still, could probe Aa, ~ few 10-°

-0.02F

charged and neutral channel can 004
separately constrain Ceg and Cew

-0.06 .
-0.06 -004 -002 0.00 0.02 0.04 0.06

Cew x TeV?




- - . ) N, e . b3 > 4
-~ N g {&(‘\( ~ . S, ’/ - \/
~Summary e & S i B

—

+ High energy muon collider offers two paths to precision measurements

High energy High rate (VBF)
New ways to test flavor @ pCollider:

gain from high access to secona
energy probes generation processes

u —— .. » -
= L3

o . ¥ \-\ \J\‘ N
& Bounds on lepton- and quarks flavokcllolatlng interactions <

1§

+ Can exploit rare Higgs decays + Higgs production @ high energy

N
ol <
) -
:
0
%
r"
&) W

can surpass low- ene‘r\gy precision measurements!

to access 3rd generation physics (tau)

+ Can improve lepton g-2 and EDM bound by orders of magnitade






“Radiation & high-energy neutrinos=

+ Radiation effects are important. w talks by David, Andrea, Davide

+ Hard neutrinos from u*™ — W*v have a large PDF
——> can access neutrino initial state at high energy!

see also Chen, Glioti, Rattazzi,
Ricci, Wulzer 2202.10509

1.0p——<——

; \;ﬁﬂl—l;le%—' - |+ Directly probe neutrino interactions at high
i\ Vs =10TeV energy: usual E2 gain

0.5}

= pv—oety

T: \ + can put strong constraints on BSM
= 0o | neutrino physics
5 N\ : w previous talk by Zahra
~0.5F ﬂ+ﬂ_ S ete N )
‘ w/ radiation \ + complementary to 4 u~ scattering, can
' plot by F. Jaffredo \ | remove flat directions and probe operators
ol Y AR N

1.0 0.5 0.0 0.5 1.0 with different flavor structure
C/?? [Tev ] 20



“Muon g-2 @ muon-collider <~

+ SM irreducible background is small: aﬁlp\gm ~ 1072 ab

( 30 TeV )2

\)

tree-level is suppressed by muon mass; loop contribution dominant ——

+ Main background from uu — Zy (where Z is mistaken for H)

(large due to transverse Z polarizations)

CLICdp L=4 ab”,e pol -80%
T T L} T T T I ] T T T

0140 ¢ —_———— .
S [ /s>2500 GeV 1911.02523 |

-
@120 F —H jet, corr

L - - H jet, orig ;

100 —Zjet, corr .

- --- Z jet, orig ]

80 ]

Search in h — bb channel: soF :

€,~80% |cosO.,|<0.6 BR, ,;=58% 40 —

20 | -

At 30 TeV, 90 ab™', for Aq, =3 x 1077 N S e
0 50 100 150 200

NS — 22, NB — 886 sz_)h mjet [GeV]

Aa, can be tested at 95% CL at a 30 TeV
collider if Z-h mistag probability < 10-15%
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Beyond tree-level -

+ Other operators contribute to g-2 at one loop:

¢,

CeB 21 Cew o U I il ' > =~
< = e (Z; 0" ex) HB,, + A2 (Z;0"ep)T HW, + F(KLU” eg) € (410, Ug)

(+ other effects suppressed by y,)
|HI?We W |H|*B, B*
(H'c“H)W;, B

Including 1-loop running:

4m V 3 2 _ S2
Ag ~—* (C(m)— W e
P eAN2 N T 2 sy
250 TeV \2
N( A2 )(Cer_O'cht_O'OOICTc_O-OSCeZ) B, Paradisi 2012.02769
Full set of operators . Co”iderq—
highenergy MW=
puuT — hz
+,,— - o
wruT = qq _
lr q
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“Muon g-2 @ muon-collider

Cen, > i, C€W "y I I ¢ qr "y

+ Full set of operators with A = 100 TeV can be probed
at a high energy muon collider

02T ————

~
=
T

I [ _:_:)L

& _ e y

o o 2

2 |

—  00°F

y .

3 <

% -0.1 Combined

_gofNs =30TeVv . A

-03 -02 -01 00 0l
C% /A2 x (100 TeV)?
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Muon g-2 @ muon-collider

+ SMirreducible background is small: 20

tree-level is suppressed by muon mass; loop contribution dominant

+ Main background from uy — Zy (where Z is mistaken for H)

(large due to transverse Z polarizations)

do_,u,u—)h’y . |Cébfy(A)’2 S

2
dcosf A4 647r<1 cos™0)

dopu—szy w1+ cos? 01— 4s3, + 8syy,

d cos 0 4s  <in26 S%VC%V

Search in h — bb channel:
€,~80% |cosb,,| <06 BR, ,;=58%

At 30 TeV, 90 ab™', for Aa, =3 x 107
Ny=22, Ny=886Xp,.,

Aa, can be tested at 95% CL at a 30 TeV
collider if Z-h mistag probability < 10-15%

5 30 TeV \2
~ 107“ab
A)
A 4
+
20
(W = 2y) < 10
1.5¢
g 10
S
0.5¢ ]
[ uu~ = hy
0ol \
-10 . 0.5 1.0
— -1 . - Oo
9140 CL\;E)dp e .L_.4?b,’e. p.0|.89{
c - \s>2500 GeV ]
2120 F —H jet, corr 1911'0252—:
L - - H jet, orig ]
100  —Z jet, corr -
- - Z jet, orig
80 B
60 F =
40 F .
20 F =
0k et S
0 50 100 150 200
M, [GeV]

34



Hzzrsignal

New physics: drdey

Interference:

dO"}\/,y
d.’Ifl d.’L’Q

523 = (pr— + pn)?

Standard Model:

dridr, 192ﬂ3

].—Il

m> q 1
dflfld.'L'Q 3 2 ]. - 12
T1Ty + 21+ 29— 1|

Il+12_1)

1() I '8

dx dx,

i 1 dO'Np i
[ onp dsjp dsy; 7

si2 = (Pe+ + pr=)?



Hzzsignal
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