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Muon g-2 Problem g -2\ |

Muon g- 2 (anomalous magnetic moment) 2
SM (HLMNT m m a;M = (116591828 £49) x 107
Expm (BNL 04)1 1 Y %P =(116592089+63) x10" 11
Hagiars. Liom Trartin: Nomura. Teubner [1’595.3149] 3.30 discrepancy
u €<

New Physics?
Lopez, Nanopoulos, Wang [ph/9308336]
Chattopadhyay, Nath [ph/9507386]

_> can be explained with SUSY. Moroi [ph/9512396]

SUSY!

v' Dark matter problem,
v Hierarchy problem,

v' Muon g-2 problem,

v Grand unification,
v Will be discovered at LHC.
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New Physics?
Lopez, Nanopoulos, Wang [ph/9308336]
Chattopadhyay, Nath [ph/9507386]

_> can be explained with SUSY. Moroi [ph/9512396]
[~ (R 00) or (= %) = O(100)GeV|

11 Y
U,—s‘,ff) 2 2
\ gY m

[ X0 ap " (00 0) ~ o — - san(tan B+,
u L \ u soft
g3 ””5
22 sgn(u)tan .
( ) soft
(Hu)

W > uH Hg4 (Higgsino mass term), tangB =

(Ha)’
Mmsoft : SUSY-particle mass-scale, gi; : Gauge couplings. 3/26
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Muon g-2 Problem / gy —2
Muon g-2 (a )

201X : SUSY discovery @ LHC

SM (HLMN"™
Expm (BNL @
IIII I|IIII| 111

froarm e 202X 1 SUSY measurement @ ILC | epancy

\ I NnbuIN _WVWVW L} I 1w _ 31N __D> C

108336 ]
07386 ]
112396 ]

U,—s(ffy 9)2/ m2

7 N SUSY (50 ) ~ H t
u Ll\ X \ ", : (4m) Mot
2
Y (X5, V) ~ 95 M sgn(u)tanB
7 2 2 "
g (411) msoft

u

{ Note: We consider MSSM; R-parity conserved. ]

(Minimal SUSY Standard Model)

K”'soft T OUS I-Pdrucie 1nmrass-scare, Ul - oduge LUU[JIIIIQD.) 4
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An issue in g-2 reconstruction ( gy — 2)
H

reconstruct

u L X u sof
92
() = 22 T sgniutan
(4m)<(m sof
o (Hu)
W > uHyHqg (Higgsino mass term), tanB = (Ha)’
d

Mmsoft : SUSY-particle mass-scale, gi; : Gauge couplings. 5/26




An issue in g-2 reconstruction

/// S0 (yo’ﬁ)

where

N |mg, Mo

grNj; + g2y,

V2
_Y N?z

E: —Y,NLE},

\X_QYNII

a
E) E)

()”(":I:, % = f(_‘ (”?_ﬂn ”IE;? —ggD”, Y“Cgf)

2
lgul> + lgrl* ™y

M> M
A Mo gt gr) = —— |- Ny |- Re(cc)MN _x
N s X gL. YR 1()71'2 6 M2 M') J]_,J'R M M2 s
2 9]
‘ R i B N
fe(M. My g1 gr) = 10— ["' 6 A/;EC M§ —Re (CJLgR);/[—z)(Cz Vg .
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2+ 3x—6x2 + 1% + 6xlogx 3—dyv+ % +2logx
Ci(x) := TG = Ch(x):= T = /26



An issue in g-2 reconstruction

Why so complex?
o %0 =
X“:I: _ (W:I:’ FI:I:)’

U

1= (1)

[j (rf"Y
// NO \\

(X° 1)
L,

(x*.v)

(B, w°, A, HY),

= /N (.frha M=o E]
M ) X; ) \{z la

-> We consider

yN + g)N"r

~ Y,NLE3,
\{_JYNIJ )

_Y N%f

= Jfc (”h’-mrnff, —g2Dy;, Y, C zf)

2 2 2
1 { lgLl” + lgrl~ "1
where -

M> M; M
Y IH Y
1672 5 (W] RelgLor) =175 NE(W”’
lgL + g 1

2 »l
- . 1 M my, My M
Je(M, Mg, g1, 9r) = o [+ 5 Wcl {W] Re (J]_JR)TCE {W .

IN(M, M5, gL, gR) =

NG 1 —6x +3x% +2x% — 62 log x N() 1 —2% +2xlogx
X) = Xy = ———"_°°
1 (1= C T
2+ 3x — 612 + X3 + 6xlog x 3—dx+x? +2logx
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Sample scenario gu-2\ |

Why so complex? . oupled
. X0 = (” /0 xx)
“= (W BR).
i = (TL, ).

- We consider u > 100 GeV,

HL—UR W
P X“
aSUSY ~ 7 \"'\
u / \
—.-—‘ncncaaneneae—.-—
ML ~ MR
B

8/26



Sample scenario gu—-2\ |-

Why so complex? decoupled
o 0= (B0 5E)
gt = (08 B¢),

- We consider u > 100 GeV,

i=(ILT). M, > 100 GeV,
HL-HR o~
f.-' X“-...
q2USY ~ / \\
U / \
N TN —
ML ~ HR
B ~ °
1
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Sample scenario g -2\ |

Why so complex? decoupled

I 33 )

X+ = , ,

- Eﬁf x) - We consider > 100 GeV,

i= (k) M, > 100 GeV,
Mco|ored > 100 GeV

HL-HR ~
.-'x*""..‘
qSUSY ~ y M
u / \
- Ecncnanencae—.-—
ML ~ MR
B ~ /Y
-~ Xl
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What keys should we collect?

® Let’'s measure aﬁUSY!

What should be measured?

HL=HR _~
- x‘h ~
qSUSY ~ , N
H / \
—-—‘neéeéeneéeae—-—
ML ~ MR
X1




What keys should we collect?
m2 M2\ |
./\/[2 _ L LR
0=

® Let’'s measure a>Y>"
: MEe  mi

What should be measured? ,
(M2, ~myutanp)

> Mass of iy, fi2, X3

2

MERz—%( 2 —m%) sin26

> Mixing M?_
| o e SUSY effect.
» Coupling gL, gr # gy because

Bin -

- e 2 ~ ~
qSUSY ~ 7 RN ( mu‘MLR'ngR)
H / (mass)

HL ' | MR

X

o X0 # “pure” B.
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What keys should we collect?
m? M?
M2 _ L LR
0=

® Let’'s measure a>Y>"
: MEe  mi

What should be measured? ,
(M2, ~myutanp)

> Mass of iy, fi2, X3

2

MER = —% (mz — m%) sin26

> Mixing M?_
e SUSY effect. ]

» Coupling gL, gr # gy because _
o X5 # “pure” B.

What we will see:
€1, €2, U1, U2, T1, T2 (& B-LSP) observed @ ILC

- Mass, mixing, couplings can be measured.

> B (~ aﬁUSY) can be reconstructed.

\
——L -
HL MR

X 13/




Model Point: to discuss concretely

ey | €2 | T1 | T2 | X; | utanp
126 200 | 108 | 210 |90 | 6.1x103
[in GeV]

- SsinB; =0.027,sin6z = 0.36,

— L
L

HL—HR
’,X-..\ ffJ
7 ~

~2.6x10°

=0
X1

HR

I~

X5 (B), 1,2

SM (HLMNT 1) Fe—i—" %

Expm (BNL '04)
IIIIIIlIIIIlIIIII

| ——
N T

» Satisfies LEP/LHC constraints.
> Close to SPS1a(’)

- We can consult Previous works!

Don’t call us lazy :)
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How can we collect the keys?

HL-HR
How can we measure ,,x\jf
[] [] Nl L I ~ \ R
» Mass of Ui, U, X0 z %° Z

> Mixing M?,
» Coupling gL, gr ?

and How accurately?

15/



Key 1 : Mass

How can we measure
> Mass of Ui, Uz, 5(%

End-point analysis - Amg, Amisp ~ 100-200 MeV
(dominated by stat. unc.) (~ 0. ]_%)

@+s =500GeV, f L£=500fb"1

[ILC-TDR Vol.2 Sec.7.5.4]
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Key 2 : Smuon mixing

How can we measure sin 6z = 0.36,

sin@; = 0.027,

LR —

2 = —% (m% — m%) sin26

. 2
» Mixing MLR

o(ete~ —>’f+'r )

2 2
2 my M7.
A M2 m?2
LR R

(M2, ~myutanp)

A sy
= T mixing MZ_(T) measured. A Z N
e’ ‘T
L,.R 1,2
2 m“
= M7, = (T) (as long as Aj ~ 0.)
LR~ m ’
.
( + _— "V,’“’_) _ 871'062 31 .2 AzZ (7) L2+7D R2)
ole'e — TT) = 35 v Cijsin429w 4 4
Oy (Poy +Po) + Gigcis g mrog— (Pt L+ P >]

U2 - [1 o (m%@ + m?j)2/SH1 — (mz, — m?j)Z/S]ﬂ
011/22:%[L+R4_—(L—R),

1
L = —5 —|—Sin2 QW,

AZ:S/(S_W??Zv

1
ez = ez = 5 (L - R>

R = SiIl2 Qw
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Key 2 : Smuon mixing

How can we measure

. 2
» Mixing MLR

olete” = T, T,)

sin@; = 0.027,

sinf@z = 0.36,

2 = —% (m% — mi) sin26

LR —

= T mixing MER(%’) measured.

= MER— m“
(
o (o) + (-
o(TAaTB) = {
\(---)sin229

.)Cc0s 260+ (--

2 2
M2 = m{ Mg
io\mz, m2
LR MR

(M2, ~myutanp)

+ ~
LR Y.
!
/
\
A Z N
_ e
LR 1,2

(as long as Aj ~ 0.)

)cos?26 (A=B)

(A # B)

18/26



Key 2 : Smuon mixing

o 1
s!n 65 =0.027, MER —__ (m§ — m%) sin26
sin@z = 0.36, 2

How can we measure

(-+-)+(---)cos20+(---)cos?226 (A=B)

G(TATB)z{(---)sinZZQ (A #B)

e 2
» Mixing M7

olete” = T, T,)

= T mixing MZ_(T) measured.

m ~
= MER = m—uMER(T) (as long as A7~ 0.)
T

2 . _ _ ~ ~
AM? . = Anzﬂ & ATTZ ® Ao (TA TB)

_ . 20 @500 GeV, 500fb~1!;
0.1% 3% [ (p+’P_):(—O.3,+0.8)J

ILC-TDR Vol.2 Sec.7.5.4 (and Bechtle, Berggren, et al. [0908.0876])

[All values are for the sample mass spectrum.] 19/26
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Key 2 : Smuon mixing

s?n 6}7:0027’ MER — 1 ( 2
sinfz = 0.36, 2

—m2Y<j
m5 —mj sin26

How can we measure

a(f’f)—f@)coswﬂ---)coszz (A=B)
» Mixing MER A esin? 20 (A #B)
1.8fb Not precise...
Ao(T1T1) = Tarn = 3.4% = AM?, =12%

(stat. dominated)

AM? . = Anz:fl ® AT:EZ ® Ao (T T,

_ . 20 @500 GeV, 500fb~1!;
0.1% 3% [ (P+,P—)=(_O'3’+0'8J

ILC-TDR Vol.2 Sec.7.5.4 (and Bechtle, Berggren, et al. [0908.0876])

[All values are for the sample mass spectrum.] 2() /26


http://arxiv.org/abs/0908.0876

Key 2 : Smuon mixing sin@; =0.027, ,,>
p= ’

1
2 2Y =:
=——(m{—ms(sin206
sinfz=0.36, R 2( 2 1 )

How can we measure

() {(---)+(---)c0526+(---)c05226 (A =B)
o(TaTg) =
M= )in?26) (A #B)

> Mixing M?¢,

1.8%b Not precise...

Ao(T1T1)= —— =3.4% = AM?_ =12%
4 fb . LR
(stat. dominated)

?77fb
Ao(T1T2) = =... = should be studied!

2.7fb

2 . ~~ ~
AMLR =Amz1 ® Amz & Ao T, Tg
\ \
~0.1% ~ 39 @500 GeV, 500 fb~!;
70 0 (P4, P_)=(~0.3,+0.8)
ILC-TDR Vol.2 Sec.7.5.4 (and Bechtle, Berggren, et al. [0908.0876])
[All values are for the sample mass spectrum.] 2 1/26
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Key 3 : Gaugino couplings

HL—HR
How can we measure , ’ﬂ
: ~ —CD—Q-%%%%:‘—D—
> ML o~ ~0 ~ MR
MR eR (~e2)
L = o _I_ HO-contribution
] 4.%
MR §‘°R“““X1 R 5 (o< Yy)
@ B < 0.4% contrib.
measured via €—__ o ... p) for H> 500 GeV
S0
X1
e— = T e>

T 1.5% w AGE ~ 0.4%
316 b > 2OR =~ ~AGR < 1%

Freitas, Kalinowski, et al. [ph/0211108] [
@

Freitas, Manteuffel, Zerwas [ph/0310382]
Kilian, Zerwas [ph/0601217]

500 GeV, 500 fb~1;
(P4, P_)=(-0.3,+0.8)
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Key 3 : Gaugino couplings

HL—HR
How can we measure o

' ) _L,.:“_.'*f%{é_b_a
> Coup“nR H gL X(l) Jr 7

UL e|_ (~e1)
) — . HO- contrlbutlon
ML .”““X? —eL .“(“)““ + OC Y )
L q\€ u
However §© _
e L ... el € g . Sh
o(eLeL) =~ + }i‘i + X5
e— = - e1 e—— T e e1
g (=)
We use og(eeR). < cannot be neglected.

23 /2



Key 3 : Gaugino couplings

HL=HR_~
How can we measure 2 N
' —C».v%ﬁv%%ﬁ\‘—b—
> ' ] HL — ~0 ~ Hr
Couplin @ R ) ) 3. X or
HL €L (= €1)
e L £ HY-contribution
HL — & X L%~(e) X1 : (o Yy)
L g|_ .
: < 0.9% contrib. :
~(e) for F/, W> 500 GeVE
e gl‘ ------- 51 : ;
7~ ~ ~O
o(eLéer) = 3

LS N4
------------------------------

NoO~ ?777% (0=5.5fb)

should be studied...
Here we use AG'®) ~ a few%

S AgL ~1+a few%

24/26



Summary

HL=HR_~
e
aEUSY ~ \
—b—.e%aw%%a‘—b—
M Xg_) H
Mass of i1, fi2, X Mixing M?p

ete” -t~
end-point

2> ~0.1%

o(ee - T1T1)

- ~12%
etR ,’%Iz
,/
A Z°
€ r T,

M?. ~myutanp

my
2 ~
~ —MLR(T)
m+

AaiUSY =13%

coupling gL, gr

o(ee — ErER),
o(ee — e; eR)

- R: ~1%

L: (afew + 1)%



Conclusion / discussion

For the scenario HL=MR _~

—~ o~ ~ o~ /l’\\ ac SUSY ~ /’*R\
¢§,G,H W>100Gev, - /a7 = o \
~ o~ o~ N —W‘—’—
e e, U, T<ILC reach, ML ~0 HR
X1
SUSY ]
au can reconstructed via

Mass of ﬁl, ﬁz’fé Mixing MER coupling gL, gR

+,o— _, - o =
eve” — U olee » 71 T,) 9(€€ — Erer),

with the precision 13% (fﬁt our sample point).

{can be improved if we use J LLargely depends J

o(lee = T1T2) on mixing.
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Appendix

600 800 1000 1200 1400
Mg [GBV]
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