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stau lifetime&mass

M lifetime upper limit @LHC
stable stau < 360GeV is excluded

ILC Vs = 500 GeV: GMSB with stau NLSP

250

B mass lower limit @ LEP ¢ |
stau < 90 GeV is excluded °.|

150

|« Mass  120GeV-240GeV]|

100

Limited by LHC

50
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Supersymmetry Breaking

No Breaking <«— Mgusy >~ Mgm

—> Soft Breaking term

Bl Gauge Mediated Symmetry Breaking ( GMSB )

:l> Solve SUSY Flavor Problem

Gravitino LSP
B Decay mode : Stau->Tau+Gravitino

et +

Ly
6 We observe particles |
-~¢  decayed from tau lepton |
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Low Scale Gravitino mass mg/e ~ O(10)eV

- oy Excluded by WMAP 2> .
210" z (Qah?> 0.1) 3 Free from constraint of
% 103 : g reheating Temperature
1 103 106 10°
Gravitino mass (eV)
Stau lifetime and mass —> Gravitino Mass

m3/2)2( mz D

Dha b D 5 —12
= 487TMplm3/2/m% ~ 5.9 x 10 X (10eV IOOGeV) [ arXiv 1104.3624v1]

Stau mass and lifetime sensitivity is important.
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Other decay modes can be considered..

[ Bhattacharyya Bhattacherjee, Yanagida, Yokozaki arciv 1304.2508v2]

BStau—  Tau+Axino 7T — Ta
MStau —> Tau + Neutrino (RPV) T — TV, TV,

Stau Search strategy is applicable in these modes.

common signature : Tau + missing energy
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EVENT SELECTION

| Signal ztz- -G G

e 1-prong decay (85%)

T — evi(17.82%) 7 — pur(17.39%)

7 — v (10.91%) T — mrr(25.51%)
e 3-prong decay (15%)

@ Background

e main background
Gl iR T e e e e
ete” = Z/y = 171"

e large cross section

ey — eltl™ eTe” — eTe  (bhabha) vy — st/

‘7.

13511 H6HKER



CUT FLOW ( ex. 200GeV 100um)

0. number of tracks==2 —> cut multi-prong decay

1. energy > 20GeV —> cut low energy yy BG

2. Track Energy < 125GeV for each track —> cut Z->pp

. —0.9 <cosf_ <08& —0.8 < cosf, <0.9— cut t-channel BG

. acoplanarity —0.9 < cos(¢_ — ¢,) —> cut Z->ll

.| cosbOniss| <09 ——  cut ey, yy BG

. Hcal Deposit >3 % —> cut WWZZ->ee,uu,epg + vv BG

. Track Energy / Calorimeter Deposit > 0.03 —> cut Z-> pp

3
4
5
B 6. missing energy >250GeV ——> cut Z->TTt BG
7
8
9

. Cosine angle between two tracks > -0.9 ——select signal

B 10. Impact parameter significance > 2.5 —> cut WWZZ-> livv
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Cut Variable 6

MISSING ENERGY>250GEV

Reduce Z->tauTau process (blue line).
Gravitino has large missing energy ( signal: black line)

LB, M m.,

number of tracks== cut variable 0~5

13511 H6HKER



iImpact parameter cut (ex 200Gev, 100um)

l Vertex detector (1st layer) ‘

—t—

+ STAU IMPACT PARAMETER

Impact Gravitino

Parameter

e |DO/DO_err|>2.5 \

DO=impact parameter , DO_err = DO SLgma

impact parameter related with stau lifetime
—> WW,ZZ — llvp

1-prong decay products
(7t*, e+, ete.)

aom hats prprv—
ey zz-ralhar ymzz-alhar
s zoMUND zoMUND
10 ——wwzz-* TAUTAU 120 X ——wwzz TRUTAU
—. e TAUTAL - —— . TAUTAL
3 — wignal E —_— wignal
10 100 =
10° 80 S_
10’ 60 -
10° M 40 [
¥ - — =
L T80 b 2 "-\,..n..-]_ C lh
10 U midhy 20 M Al {H-W‘L
Ulec o 1hrly
1 g | s e e | e | Sy | S S S | S e | el :r:I;LH:'r:)-‘—-t-:_!-1_-r --IJJ\_LEL_[Jrlmh] Zrtd-‘: ‘-H'[
L i‘ 3 4 2 0 2 a [3 B 10 -10 -8 6 -1 -2 [} 2 4 6 8 10
impact parameter sig Impact parameter sig
number of tracks== Cut Variable 0~9

e = e s o e e o o S Sl EE e S

.iov
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Statistical Significance
Lifetime vs Mass RESULT

120GeV | 150GeV | 200GeV | 240GeV
|Opm 1 13.2 98.6 53.4 6.05
|00Im 1 17.1 101.5 55.3 6.00
| mm 121.5 105.3 59.1 8.14
|Omm 2371 109.5 62.4 23

>5 ¢ _for all benchmark points

Bim
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Lifetime Analysis

Perform the toy MC experiment with each experiment distribution with
poisson statistics folded in , and compare with the high statistics samples
with various lifetime by calculation

of chi square quantity. X2
chiplot
ex . 200GeV, 100pm Entries 10000
e = Mean 99.88
= B
3500/ RMS 5.898
o - Underflow 50
B Overflow 34
- Integral 9916
400— 2 / ndf 422.1/92
— Prob 9.108e-44
B Constant 453.5 + 6.5
300— Mean 100.2 = 0.1
B Sigma 5.011=+ 0.050
200—
100—
‘_| =l | | | | | | | | | | | =N | — L
90 80 90 100 110 120 130

lifetime(i4am)

12

templ

)2

N
n, = —n
T Z( AnS*P
TaET

(/

Stau Mass 200GeV
Stau Lifetime 100um

ct = 99.8 -

5% preaisiow

5.0 (um)
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Mass Analysis (kinematic cut)

Kinematic cut is applied for measurement of stau mass
via the maximum track energy.
Track energy distribution is modeled with the following

function f(z) = a(B — z)exp(—yz)0(B — z) .

120GeV mass corresponds to the maximum kinematic racl st

Entries 108120

RMS 25.82

energy of 234GeV. a0

ciplot
Entries 1000
90 Mean 119

118 £ 5.7 (GeV)

4.8% precision

80

70
60 1%
50
40
30

20

10
10 I

| 111 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 | | | | |
h & 1 l 1 1 1 1 l 1 1 I 1 Lt B
90 100 110 120 130 140 100 120 140 160 180 200 220 240
energy(GEV)

ST rrrryrr ey ey rrr ey rrrefrrrrfrrTd
RO RARE] AL REAAT ALED LARLA RART

.13,
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Mass Analysis (T hreshold Cut)

The technique of Threshold scan is used for heavy stau,
for its low sensitivity of kinematic mass measurement.

chiplot

ThresholdScan prelimin ary el
= — Mean 238.3
S 160 — RMS 2.874
120 f— ’
100—

1.2 % precision

80§— ’f |" S teria e e (GQV)
- 'ﬂ“ \

40—

- ) l
20— .{
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_|1I—I1J'lf-r|_|'l|
930 232 234 236 238 240 242 244 246 248 250
Mass(GeV)

thi=¢
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Conclusions & Future Plans

B Conclusions

We studied the ILC sensitivity for measuring the wide range of
benchmark points of stau mass and lifetime and obtain over

6 o significance.

Mass and lifetime sensitivity are also studied, and obtain 5%
precision at the benchmark point of M=200GeV, ct= 100pm

B Future Plans

B Optimization of cut flow for kinematic
mass resolution

B 3-prong decays are being studied.

THANK YOU FOR YOUR ATTENTION .
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physics motivation

WHY SUSY ?
H FINE TUNING

i 7 quadric divergence
Sy become
ho---{)----ho + Y 4 el e
? o -4 - - % . . g logarithmic
SmZy ~ —AA? omyy ~ AA® — 2mZ In(A/m;) + . divergence

BGUT SCALE UNIFICATION

Coupling constant unification

at high scale region . .
2 DARK MATTER
LSP(lightest supersymmetric particle) is a prominent
candidate

1311 A6 HKEH



Cut Variable 1
Energy >20GeV

Suppress low energy beam related ~+v — [T~ process

Energy

Signal
vE — ete” = 7 77
10" k-
BackGround
—— ~v — 71", bhabha H##L
— WW,ZZ = 11" vo(rrvT BY)
Z — pp
— WW,ZZ - 177 v
—_— [ =TT

number of tracks==

5
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Cut variable 2
Track Energy < 125 GeV (for each track)

Supress high energy muon fromZ — uu .

@. [z->mumu |
e ' = E | |
X b - I
“ T - A
300 é: e -Jmn
N, : =
200 20 200 B=ool
100 :‘:-‘s;k . —1: 1005— qm
i e N S S P S [ e T P
GeV GeaV
number of tracks== number of tracks==
e e i

uree
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Cut Variable 3

—0.9 <cosf_ <0.8 & —0.8<cosf <0.9

Cut forward-backword dominant #

W boson t-channel decays
(purple line)

N 0. 1
Cos{theta)

number of tracks== Cut Variable 0~2
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Cut Variable 4

Acoplanarity —0.9 < cos(¢— — ¢+ )

Cut tracks in opposite direction . 4
z->tautau background can be reduced for its lo
missing energy and highly boosted in opposite
direction .

| acoplanarity |

10° E— e

10, .'- By =N ‘ .':qn;l

10" B- LR |
: :W il

10 E' 3

10? é— 10° B- F 'I}'1'. i _=‘.'l e, n
1oé- ﬁII i: i;l; C:;L: :JH::;: “; 10 M’LJ‘NL [

Cos{phi{1)-phi{2}} Cos{phi(1)-phi{2}}

| acoplanarity

10° &

number of tracks== Cut Variable 0~3

20
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Cut Variable 5

| cos Omiss| < 0.9

Reduces beam-related background for bhabha
scattering , each of whose tracks is towards the
undetected beam pipe direction , and it appears as large
missing energy towards forward-backward direction.

| missing cosine |

10’
10‘E
10°

0 01 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1
Cos{Theta)

number of tracks==2

21

missing cosine |

10°

10’

10*

ettt o U L s L e bt L)
0 01 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1
Cos{Theta)

Cut Variable 0~4
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Cut Variable 7

HCAL Deposit / Energy Depotit > 0.03

WW,ZZ — uuvy, eevv, euvr 1S reduced for its low
energy deposit in hadron calorimeter.(purple line)

number of tracks==2 Cut Variable 0~6

.22,
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Cut Variable 8

Energy deposit/Track energy > 0.3 for each track

Reduce Z — ul process for its low deposit
In calorimeters and highly energetic track.

| wwzz->other |

1 .‘ —_ : . .'. :'.:\ !...\.-; ,\_ ..
— 2 .. .f:;::-._\ -0 ..
= -‘_.:f‘ ..‘.'..' %
- c‘n. }. :, ..:': L r.'_.: e
s R AL
:. £ .:'\:".._5;“'..
08— e
06— sy e
04 A
02" - <y :
- i A b
b : 2 - -’:%“ R oy DO
0_ i |§l Ll l.l Lo | e | oy n'.n ;’:"n "51 L .vl L
( @ 0.4 0.6 0.8 1 1 14

number of tracks== number of tracks==

Bie i iins WW,ZZ — livw (1 £ 1)

2%
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Cut Variable 9

Cosine angle between two tracks > -0.9
TOEELHEVESIFFHLELTVWIZOT. T — TG IC&TD TIE>EFETH
ICRUPT LY,

—75 WW = llvp @R7—RMaEn. EREARICROG®OT V=6
hwy I\én%o (§1%\ '?Rﬁ)

| angle between two tracks | --:- u::: [ angle between two tracks | -
10° E— e E -.-.J_;‘”HJ"‘JULJD]H[],J| n ”1.[‘"'JL|J rn
ol efle
3 E J tr ﬁ 1 -
10 10 - I
5 ’ljr NindLal 471 fifho [ er L b
10° E r | _ | |
1-1 1l 6 0.4 0. 0 T 0.4 0. 0. 1 1-1-l : t-b-g' I-O.GI : I-O.-‘._L I-OL'- |0 — ".Ozl IO.‘ IO.GI lolsl I 1
Cos{Theta) Cos{Theta)
number of tracks== Cut Variable 0~8

e

13511 H6HKER



BACKUP




B E\\Squark. &

iZL\Slepton ZRIE L. g-200EERERZ5HAT S

17278 T°)U [ 1be, Matsumoto, Yanagida, Yokozaki arxiv 1210.3122v2]

BGUT , GMSB -> no SUSY flavor/CP problem

Mg-2 Z5tEAREE

Stau mass = 200GeV T EEREE DXL Z20TEiBARIEE

( Stau mass = muon 150GeV DA 1.50)

>

k. SN] ToN S Pl apt e sa s T Sin EE S S

Stau -> Tau + Gravitino
DERIEE— RN

;2@

Mpess = 1000TeV, Ag = 500 TeV

0.2

tan 3 = 10

0.1 FiTT s
‘ m; < 96 GeV oo 0h
005 -
b
0 AAAAAAAAAAAAAAAAAAA '
0 0.05 0.1 0.15 0.2
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Polarization (e-,e+)=(4+0.2,-0.3)

SIGNAL BACKGROUND
Mass (GeV) Cross Section (fb) Category Cross Section (fb)
12 139
e WW, Z7Z — I~ vi Gids
200GeV 33.3
Zly—= 177" 1283.4
150GeV 97.2
240GeV 37272 Nele 2l |.41%x]1076

27
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PHYSICS MOTIVATIONZ

WHY STAU PRODUCTION?

B MUON g-2 3.6 sigma deviation between SM theory

SUSY particles 1-loop correction

2

m*: utanp ;

g 50//"’ 3 7 § 912 ~ 3 Fb — \ 4
5 87 M2 et 7y

Msoft = Loop sparticle mass vy ey s
gis su(2),Y@) coupling const.

3.6 sigma deviation is explain with assumption of
Sfermion exist in the region of 100GeV

ptan B ~ 4TeV

utanPp~4Tev —> large staw left-right mixing
—> stau is NLSP

—> FOR q,, ~ 1.50 — mz ~ 200GeV

0.4

Mness = 10" GeV, tan3 = 10

As = 500 TeV

CH

—

B S e = o o
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240

220
210

200
190
180 +

170

ey e ]I% —~ W ~WT™ CrossSection

-

=y

1
total (—,+) 3
/ (+,=) l
3
(0,0) E
‘.
(—,0) + (0, +)
(+.,0) 4+ (0,-)
" M 1 4 1 A
0 0.5
cos f/

100 3
) .
“ 10
.{:
> 1
g
e Y i
1l
0.01
=1
Ww->Il |
3000
2500 —
2000 —
1500 :—
1000 —
500 |—

""""
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éAm,- . + l AT; 2
2 m; 2 T;
AT

1.

~ 1.4% (track energy) ~ 1.4% (lifetime result)

~0.5% (threshold scan)
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