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ASAEZ—THFAY

Proton LINAC (500 MeV)

RCS : 3 GeV x 6.6 uC x 2-bunch x 50 Hz =2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
MPressIon v 3_bunch x 40-turns x 50 Hz
(6.6uC x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target 1 TeV x (7.2nC=>3.6nC)/p x 40 bunch x 50Hz

=9 MW

30 GeV muon LINAC ~ 3 km

R=1 km (B =3 T max)
16 turns ~ 700us

30 GeV muon LINAC ~ 3 km

3 km Main ring t, = 20 ms (2000 turns)
prut :1TeV, 2.2 nCx 1 TeV,2.2 nC x 20bunch
pte : 1 TeV, 2.2 nC x 30 GeV,10 nC x 40bunch



Proton acceleration (proton LINAC & RCS)
p(3GeV)

Proton LINAC (500 MeV)
CS:3GeV x6.6 uCx2-bunch x50 Hz =2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
MPression y 5_bunch x 40-turns x 50 Hz

(6.6C x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target 1 TeV x (7.2nC=>3.6nC)/1 x 40 bunch x 50Hz
=9 MW

30 GeV muon LINAC ~ 3 km
Laser

R=1km (B =3 T max)
16 turns ~ 700us
Triple ring
(u, p,
30 GeV muon LINAC ~ 3 km

3 km Main ring t, = 20 ms (2000 turns)
prut : 1 TeV, 2.2 nCx 1 TeV,2.2 nC x 20bunch
pre :1TeV, 2.2 nC x 30 GeV,10 nC x 40bunch



Proton acceleration (proton LINAC & RcS) — Pion production (pion production ring)
p(3GeV) p(3GeV)+C - 7T 4+ X

Proton LINAC (500 MeV)

RCS : 3 GeV x 6.6 uC x 2-bunch x 50 Hz =2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
MPression y >_bunch x 40-turns x 50 Hz
(6.6C x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target 1 TeV x (7.2nC=>3.6nC)/1 x 40 bunch x 50Hz
=9 MW

30 GeV muon LINAC ~ 3 km
Laser

R=1km (B =3 T max)
16 turns ~ 700us
Triple ring

(n, p, e)
30 GeV muon LINAC ~ 3 km

3 km Main ring t, = 20 ms (2000 turns)
prut : 1 TeV, 2.2 nCx 1 TeV,2.2 nC x 20bunch
pte : 1 TeV, 2.2 nC x 30 GeV,10 nC x 40bunch



Proton acceleration (proton LINAC& RcS) — Pion production (pion production ring)
p(3GeV) p(3GeV)+C - 7T 4+ X

— Ultra-cold muon production

7t = ut +v, Ultra-cold muon

\4 /‘Ionized by laser

Muonium (" e™) formation in silica aerogel

Proton LINAC (500 MeV)

RCS : 3 GeV x 6.6 uC x 2-bunch x 50 Hz =2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
MPression y 5_bunch x 40-turns x 50 Hz
(6.6C x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target 1 TeV x (7.2nC=>3.6nC)/1 x 40 bunch x 50Hz
=9 MW

30 GeV muon LINAC ~ 3 km

R=1km (B =3 T max)
16 turns ~ 700us

30 GeV muon LINAC ~ 3 km

3 km Main ring t, = 20 ms (2000 turns)
prut : 1 TeV, 2.2 nCx 1 TeV,2.2 nC x 20bunch
pte : 1 TeV, 2.2 nC x 30 GeV,10 nC x 40bunch



Proton acceleration (proton LINAC & RcS) — Pion production (pion production ring)
p(3GeV) p(3GeV)+C - 7T 4+ X

— Ultra-cold muon production —> Muon acceleration (Booster ring)
7t — pt 4+ v,  Ultra-cold muon N+(1 TeV)

\4 /‘Ionized by laser

Muonium (e e™) formation in silica aerogel

Proton LINAC (500 MeV)

RCS : 3 GeV x 6.6 uC x 2-bunch x 50 Hz =2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
MPression y 5_bunch x 40-turns x 50 Hz
(6.6C x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target 1 TeV x (7.2nC=>3.6nC)/1 x 40 bunch x 50Hz

=0 N\A/L

30 GeV muon LINAC ~ 3 km
Laser

R=1km (B =3 T max)
16 turns ~ 700us

Triple ring
(w, ', )

30 GeV muon LINAC ~ 3 km

3 km Main ring t, = 20 ms (2000 turns)
prut : 1 TeV, 2.2 nCx 1 TeV,2.2 nC x 20bunch
pte : 1 TeV, 2.2 nC x 30 GeV,10 nC x 40bunch



Proton acceleration (proton LINAC & RcS) — Pion production (pion production ring)

p(3GeV) p(3GeV)+C - 7T 4+ X
— Ultra-cold muon production —> Muon acceleration (sooster ring) —> Collide (Main ring)
7wt —pt +v,  Ultra-cold muon pt(1TeV) [#F(1TeV),e (30 GeV)]
or
\ /‘Ionized by laser [T (1 TeV), uT(1TeV)]

Muonium (" e™) formation in silica aerogel

Proton LINAC (500 MeV)
RCS : 3 GeV x 6.6 uC x 2-bunch x 50 Hz =2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
MPression y 5_bunch x 40-turns x 50 Hz

(6.6C x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target 1 TeV x (7.2nC=>3.6nC)/1 x 40 bunch x 50Hz
=9 MW

30 GeV muon LINAC ~ 3 km

R=1km (B =3 T max)
16 turns ~ 700us

Tu(l1TeV) = 20 ms

20msEIZH L LY

3 km Main ring t, =20 ms (2000 turns) -
u —
prut : 1 TeV, 2.2 nCx 1 TeV,2.2 nC x 20bunch I: A % )\%TJ-

(n, p
30 GeV muon LINAC ~ 3 km




Ultra-cold muon® %

SILE/ T 4DE=HIZIXultra-coldE 2 —FA VOEMNEE

Nbeaml Nbeam2
L= frep

AT L0y

Proton: Nproton = 4.1 X 10'? /bunch x 2 (bunches)

nt: IN_+ = Nproton X 0.016 X 80(bunches)

Production rate 40 turns
(p+C>mt+X)

Ultra-cold muons (E—LALIZ{EZ %1 D):

N,+ = N_+ X 0.034 X 2 X 40(bunches)
Collection efficiency



Proton LINAC (500 MeV)

RCS : 3 GeV x 6.6 uC x 2-bunch x 50 Hz = 2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
[NPTessIon y 5_bunch x 40-turns x 50 Hz
(6.61LC x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)

2nd aerogel target

| 1. W3 —45y FTIESHBN

pion beam I.l+(:ﬁ'r§]i§

2.y AT 7Y )L
BINS a—F =D LR
(Ut e bound state).

3. BMIICIRUHE L TET=
2a—FZ=Z0LFEL—Y—T
17421t

Silica aerogel

ImZEM 2= a—FUIE#HEoFO2F B2 —4 v I E



We thank Takayuki Yamazaki, Cedric Zhang, and Shusei Kamioka.
Proton LINAC (500 MeV)
RCS : 3 GeV x 6.6 uC x 2-bunch x 50 Hz = 2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
NPFessIoN  5_bunch x 40-turns x 50 Hz
(6.61LC x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)

Target
2nd aerogel target . -
¥>1 2—4y hABIZE SN B 50 %
Laser (nDFH A & material & DEELERIC L 5 3EK)
. 1. A F—45 Y FTLEOHLN
pion beam — o
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(Ut e bound state).
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Sa—F =D LDH:60%
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Nbeaml NbeamZ

Luminosity  c-= Frep
Ao Oy
ERMEE:
ﬂ%e)—3OXSWHm:V@km)xgh:LMHZ
E—LDREE (=) YUFBEE NoFH%

I ) ;
FETET) = 3.0 x 10% ms™'/(3 km) x 20 = 2 MHz

ultra-cold muon

E—LH4X: !

o, = 3.6 um — 4 mm mrad
0_33_17“’m -0 = 62/61,’ “ By
y— O H beta functlon

B, = 30 mm
, By = 7 mm

E\_A*ﬁ?ﬂﬁo)ﬁﬁiﬁq:ﬁ Nbeamleeam2 (7]” EFIO) l_ZI_/O)ﬁHi%%EJ]*)
W2/ OT4DRELY:
Lu+e_ — 4.6 X 1033 ecm—2%s 1

£u+u+ — 5.7 x 10%%2 ecm—2%s—1



Integrated luminosity

Duty factor 70 % C10EMELE D &

/clﬁe_dt = 1.0 ab™*

_ —1
/‘Cu+u+dt = 120 fb



Magnet

10 TOHANMEZ S EIRE cf. High-luminosity LHC: 11 T
— (E,+,E_-) = (1 TeV,30 GeV)

(B B,.) = (1Tev,1 Tey) &3KkMPAL Y 2T TRE

Upgrade energy E, = 3 TeV TIXOkmDAA ) 2T
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Polarization

Polarization:

AELMEBEDOEXRCZ < OYENERZSISHI DICHHA

ER2DIRE
P_ = +(0.7 <+« SuperKEKBT® HiZ(E
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MadGraph5

- ) O\Z HEJ-_,j?' J. Alwall et al.

e putT a5 45— | /5=346 GeV& (P,1,P._) = (0.8,—0.7)

W boson fusion (WBF) Z boson fu’iion (ZBF)
Ve e E l‘l’—l_
ﬂi = 4414 :
e iy
e e l’l’-l_
O'WBFzg]_fb ozpr ~ 41b

BN/ T4 /[,Iﬁe_dt = 1.0 ab~!

Ey S AOERE: 9.5 X 102



MadGraph5

- ) ﬁsx HEJ-_,j?' J. Alwall et al.

ptut asq4—| Vs=2Tev & (P,1,P,+)=(0.8,0.8)

Z boson fusion (ZBF)

A RS

O7BF ~ 54 fb

WALI/OT 1 /clﬁe_dt: 120 b~

v SROERS: 6.5 X 103 EVIRERIE e puT HES



x%y?vy*wfm
Hy YT RIE
e~ ut TOXEM T O+ R=WBF

hiZE(Zbb~ERIE
(Branching ratio 58.2 % in SM)

H
< 2 2
BSMTIX KK
(o) > OSM
Ky
SM
kw =14+ Akw etc. Inbb = Fb9ppp
g = w2, T
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kw =1+ Axkw etc.

"o SR

|Akw + Akp — AKK|

< lAstatU ~ 1 1
~2 o 2 ,/N(WBF) x Br x efficiency
integrated luminosity —1/2 efficiency —1/2
1.0 ab—1 ) < 0.5 )

— 3.1 x 1073 x (

Sub per-cent measurement *ffst TS5 —NDHAEE
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- Kinematics
ERHRTRILF— (B, +,E.-)=(1TeV,30 GeV) MD1=¢H
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(EvTADE—VI1E5° BE)
> IMAEFTRNLSBRHSNEFT LD

log,o(|p]/GeV)

- Background

HHEBFH (Ve =1, N, =—1) Of=8 T
background processMDFEZAIL D75 Ly

b\ / b
FHEEDIE z

WAL A GRURK) . FH S AKEK) & ERBHZEF




WBF Higgs

Signal

Event selection

1. No muon
2. No electron
3. bjetx2

acceptance : ~23%

Mpp (DY )
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SUSY



Supersymmetry

SUSY: SMMD & £ 1R

xR LGS E IR

2012.08600 Current scalar lepton search at LHC

500

400

100 200 300 400 500 600 700 800 900 1000

CMS 137 b (13 TeV)
pp_>eUF‘ eUF‘ p'|_/R ”L/R (Z—>€5€?)=1
NLO+NLL exclusion

—Observed +1s.d.

::Expected £ 1, 2 s.d.

“theory

experiment

300F

200F

1004y
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o
Y

-
o
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=
1

-
o
&

95% CL upper limit on cross section [pb]

m; S 700 GeV & TEA]

(neutralino & sleptonMBE &Y
T OVRESER [T ER AL 73 L)
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superpartner of SU(2),_gauge boson
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AR A 100/E % B A D mass parameterfEig

400

300 -

m[ [GGV]

T O R

7 L=100fb"/year
/5 =775 CeV ]

Vs =346 GeV

100 £

L 1 L L L L Il L L L
500 1000

v |GeV]

L | L L L
1500

L 1 L L L
2000

2500
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ETRILE—(ZEMEVALHCE EZE S 4EIE % H/\—F B a[gett



Wt 374 F—TOHIE

AR MEIH100/FE % 8 A D mass parameterfEig

2500 -

Vesg T;eV YL='12ft7)'1/yeér
VE=5 1y,

2000 -

r reference energy

0 2000 4000 6000 8000
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SMEFT

Hamada, Matsudo, Kitano, Takaura on going



SMEFT analysis

MBI —ILBSMAT—ILEY+HREVERE LSS
FYEBYRIIXT6EEFELTENMNS

—— SMEFT {EWIIPEZRAN 5 — IR FX

UTRISTANT D&t X EEMGEELEFEZ R L T
Ru6ERFICHIRZMNIT S - N
u

: e_p,"" — e_uf" O(1076) events ~/Z
cputut >ttt 0O(1076) events

4R KB HEOBOSIENGE ¢ /H 2
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Quws = H't'HW, ,B*"

Qup = (H'D,H)*(H'D,H)

Adopt basis of
2013 Alonso, Jenkins, Manohar, Trott

— SINT X —X
—— TRNTA=X

) (H‘fz"ﬁ H)(Ly*L)

(3) = (H'i'DLH)(Lr'y*L)
Q — (H'i'D ,H)(a7" Py )
prg = (Lpvulr) (Ls7*1:)
Qpl,g6 — (lp'Yul )(eésvHet)

Qp?"%t = (ep'Yue'r) (esv"et)



Scattering

L = Lsm ‘|‘ZCXQX
X

O = OsM + ONP
Tree Linear in Cy

2
2 = z (Uobs,i — Uth,i)

itbin ATobs,i

20D IR ZEERT
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Cx = A2 Current bound from 2204.05260 by Bagnaschi et al.
30+ ]
25 ]
i 1 M current bound
zoi | W s=2TeV i (RR)
S~ | W s=2TeV prut (LL)
< 2 .. 1 mys=2TeV pu RL)
I | | \/s=346 GeV e 1 (RR)
I 1 m s=346 GeV e /" (RL)
10; | m 5346 GeV e " (LR)
i | W \/s=346 GeV ey (LL)
5- ]
o

Chws Chp Cﬂl) C,(_?,) Chy

. *CCTIEBEEDE®
REDHIR Zimprove P.—P_ —+1 |-ty k
K € =



b N AR

Cx = A2 Current bound from 2204.05260 by Bagnaschi et al.
X

| M current bound

W \s=2TeV y /" (RR)
| mAs=2TeV ytyt (LL)
1 ms=2TeV pu* (RL)
[N | Ll e

Ax
[TeV]

| m y/s=346 GeV e 1" (RR)
1 M s=346 GeV e 1*(RL)
| W s=346 GeV e 1 (LR)
| W \s=346 GeV e (LL)

C|| C C ee C e C" Cep C e C e
HHpp HHPY HHPY eeuy Huee

- B *CCTCIHEEEDESD
100 TeVFEE F THRAN! P =P._==%1[2tvyt




W boson mass )7 / N 1) —

BITCDFHAW massODSMFPFEN S DX L ZRE

mw = 80433.5 + 9.4 MeV  (CDF)
mw,sM — 80354 7 MeV (SM)

In SMEFT
1 COS2 931\/[
2 2 2
M = m 1 — — VaC
w w,sM [ 2 cos2 Ogpp — sin? Oy SM*™HD

sin2 HSM

2 (3)
_ w2y (208 — C ) _
cos? Ogpng — sin? Ogy SM ( He t

2 cos Ogn sin Ospy

2
2 ) vsmCHuwE
cos? Ospnp — sin” Ogng

Cygp TRALOERBEMNTEE 2204.05260 by Bagnaschi et al.
Cup = —[0.035,0.019]/(TeV?)
UTRISSANTHAF SN DT 5—%E 6Cyp = 0.005/(TeV?)



Summary

s Ea—FVE—LFFE-OTA F—EEIT
EHEE - BEIRIILX—2RBICERETELIBRINA T3y

- BRITBEORMITO—) VARG E—LZ ALV
EHMEOF VNI T A4 F—FEERZ 128 (UTRSITAN)

uwe 17 A X — L+~ =46 X 1033 cm™2%s™1

Sub percentLRNJLTD E v J AFEERITE
SMEFTZ @ L TOHFMEREZEDR L

Wwpwrd 7 A4 X — L +,+=5.TX 1032 cm %57 !

TeVAT—ILDA N S—L T b AER
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Future prospects
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Future prospects

UTRISTANTEEN S M ?

[fb]

- Higgs triple coupling

Cross Section

- Dark matter

10 \/g1[;ev] 20
* top mass

- W boson mass



