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stau lifetime&mass

B Lifetime upper limit @LHC
Squark , Gluino > 1TeV
Stable stau < 360GeV Is excluded
-> Stau decays promptly

ILC Vs = 500 GeV: GMSB with stau NLSP

B Mass lower limit @ LEP :
stau < 90 GeV Is excluded
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Limited by LHC
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Supersymmetry Breaking

No Breaking <«— Mgysy | Mgwm

—>  Soft Breaking term

B Gauge Mediated Symmetry Breaking ( GMSB )

:> Solve SUSY Flavor Problem

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

o C We observe particles
¢ decayed from tau lepton
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Low Scale Gravitino mass mg/e ~ O(10)eV

S 3 .
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- Iy Excluded by WMAP 2 .
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Gravitino mass (eV)

In GMSB..
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[ arXiv 1104.3624v1]

Sensitivity of Stau mass and lifetime Is important
for determination of susy breaking scale.
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Low Scale Gravitino mass mg/e ~ O(10)eV

S K .
2 10° : a | Free from constraints of
ey xclude AP > .
G100 |3 Taawson | 3| skreheating Temperature
g105, |3 3 *LHC experiment
1 103 108 10°
Gravitino mass (eV)

Symmetry Breaking Scale!
In GMSB.. |
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Sensitivity of Stau mass and lifetime Is important
for determination of susy breaking scale.
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Other decay modes can be considered..

y [ Bhattacharyya Bhattacherjee, Yanagida, Yokozakiciv 1304.2508vP

B Stau — Tau+ Axino k&I la
BStau —>  Tau+ Neutrino (RPV) ¥ 1 17, 17,

Stau Search strategy is applicable in these modes.

common signature : Tau + missing particle
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EVENT SELECTION v

Eolagndlits s L s e G G

e 1-prong decay (85%)
T — evv(17.82%) T — pwi(17.39%)

7 — wrvr(10.91%) T — v (25.51%)

e 3-prong decay (15%)

B Background

e main backgrounad
ee ! WW | ITI'IFr ete w27 1Tl ve

STT A VAT RS VA T
e large cross section

el | el'l' €€ ! e € (bhabha) ! !

|
el

Beam polarization (e,p)=(+0.8 , -0.3)

2

Wednesday, December 18, 13



CUT FLOW ( ex. 200GeV 100um)

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

. energy > 20GeV ——> cut low energy !! BG

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

.1 09<cos!l) <08&! 08< cos!', < 0.8 — cut t-channel BG

.|coSmiss| < 0.9 ——>  cut el, Il BG

. missing energy >250GeV —> cut Z->## BG

. Hcal Deposit >3 % —>  cut WWZZ->ee,"' e" + $$BG

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

0
1
2
3
4. acoplanarity! 0.9<cos{, ! !'+.) —> cut Z->|l
5
6
/
8
9

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

B 10. Impact parameter signibcance > 2.5 —> cut WWZZ-> I1$$

arres
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Cut Variable 6

MISSING ENERGY>250GEV

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

| missing energy |
10"
10" gr
10 —g
Mwm
i
-J J |’" i
|.d I “ 0 100 200 300 400 500
250 3do 400 450 500 GeV

cut variable 0 ™5

HY
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HCAL Deposit / Energy Depotit > 0.03

WW, 27 !

uul!! Jed!  el!!

Cut Variable 7

IS reduced for its low

energy deposit in hadron calorimeter.(purple line)

"""""""""""

Cut Variable 0 ™5

HEO

hcal

0.05

0.1

0.15 0.2
hcal/dep _energy
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Impact parameter cut (ex 200GeV , 100um)

l Vertex detector (1st layer) I

—t—

+ STAU IMPACT PARAMETER

Gravitino

Impact

Parameter

¥ |DO/DO_err| > 2.5 )

DO=impact parameter , DO _err = DO sigma

b L S

Impact parameter related with stau lifetime

WW,zZzZ ! Il Separatlon / | (e ete)
I
us.vn bhattrn do/dOerr
ey zz 2 alhar e
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impact parameter sig ImpaCt parameter Sig
Cut Variable 0 ™
TEE T TR YR TS " , 11 ,
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Statistical SignibPcance
Lifetime vs Mass RESULT

120GeV | 150GeV | 200GeV | 240GeV
10pum iz 08.6 53.4 6.05
loaume | Lzl | 1ol 55.3 6.00
1mm 2005 £ 105 59.1 8.14
lopae |F 12871 & & {ingis 62.4 72

GPS BMM . .CEODINBSL--QP.J O
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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 IN exp templ
of chi square quantity. TEZ ke n; — N 2
: it ( I exp )
N
o chiplot 1=1 |
ex. ZOOGeV , 100 m Entries 10000
= = Mean 99.88
§ >00 :_ Sgﬂdserﬂow 5.825(3)
_ Overflow 34
e d nwega - sus || Stau Mass 200GeV
L Prob 9.108e-44 . . ]
B Constant 453.5+ 6.5 Stau Llfetlme 100 m
300— Mean 100.2+ 0.1
B Sigma 5.011+ 0.050
200~
: ¢! =99.8+ 5.0 (um)
100—
e AT S 5% precision
0 80 90 100 110 120 130
lifetime(é! m)
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Mass Analysis

Kinematic cut is applied for measurement of stau mass

(kKinematic cut)

via the maximum track energy.

Track energy distribution is modeled with the following

functionf(x)=1 (" ! x)exp(! #)$(" ! x)

120GeV mass corresponds to the maximum kinematic

energy of 234GeV.
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Mass Analysis (Threshold Cut)

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

ThresholdScan

preliminary

chiplot
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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
5 % signibcance.

Mass and lifetime sensitivity are also studied, and for example we
can obtain stau Mass with 5% precision at M=200GeV .

B Future Plans

B Optimization of cut Row for kinematic mass
measurement to improve Its sensitivity.

B 3-prong decays are being studied.
THANK YOU FOR YOUR ATTENTION .
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Wednesday, December 18, 13



physics motivation

W RIS EISA
B FINE TUNING ety
t £ quadric divergence
s > become
hp-=={)-=---hg Y 4 =ty | |
@ ho - 4 - - S ____iho logarithmic
Im2 ~ "1 2 Im3 1 [t 2" 2m2In(! fmg) + .] divergence

BGUT SCALE UNIFICATION

Coupling constant unibcation
at high scale region .

2 DARK MATTER
LSP(lightest supersymmetric particle) is a prominent

candidate
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Energy >20GeV

Energy

10° -

10" -

number of tracks==2

Suppress low energy beam related

1Y

Cut Variable 1

Il 1 |*|process

Signal

e atal

BackGround

— I 1 Bhah e

— WW,ZZ! I"I' ("l tX)
Z! pu

— WW,ZZ! 1% "y

- —wns w3l
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Cut variable 2
Track Energy < 125 GeV (for each track)

Supress high energy muon fromZ | U .

|_sm_Wl [ z->MUMU |

600 600

500 SOOE—

400 g 400_:_—
—40 E w5

200 20 200
—{20 =

b ?ﬁmmmﬁm—v e T e S ==

number of tracks==2 number of tracks==2
ete | K K ZlH

.
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Cut Variable 3

 0.9< cos!l, <08 &! 0.8< cos!'; < 0.9

Cut forward-backword dominant

€
W boson t-channel decays
(purple line) I*

6 0. 1
Cos{theta)

number of tracks==2 Cut Variable 0 ™
.................... 7 ¢ trr oy
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Cut Variable 4

Acoplanarity ! 0.9< cosf, ! !,)

Cut tracks in opposite direction .

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

| acoplanarity |

10° E— -
10’ -

10 :-

10’ i

£ R,
10? é— 10° B- : '5'1'. 3. |.!.._,=.. _=‘-'l [
10 é— 10Er ]L-

L T F O Ll

Cos{phi(1)-phi{2)} DA 0L Coé?pmm'-pmm;

number of tracks==2 Cut Variable 0 ™3

| acoplanarity

10° &

oy
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Cut Variable 5

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 | missing cosine |

10 "’E'I m—ﬂ_ U dhLJ“— L—L_Lﬁ
10 0.1 0.2 0.3 04 0.5 06 0.7 0.8 Co%(gl'hew; 01 02 03 0.4 0.5 06 07 0.8 Co(z.;tgfhetalf
number of tracks==2 Cut Variable 0 ™
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Cut Variable 8

Energy deposit/Track energy > 0.3 for each track

Reduce Z ! MM process for its low deposit
In calorimeters and highly energetic track.

| wwzz->other |
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Cut Variable 9

Cosine angle between two tracks > -0.9
!:—Wi”UOMC)U,,...i-‘oI\/I”sz =l g tSZ"yxsM$
t"|ebM{

om WW 1! BB xO"uArezYySoM2t |+bMhS
SNl (R fiziz G0l D)

| angle between two tracks |
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B OMSquark zOM Slepton >O0& z g-2wigAL>Tib”

),/ hsb A C [ Ibe, Matsumoto, Yanagida, Yokozaki arxiv 1210.3122v2]

BGUT , GMSB -> no SUSY Ravor/CP problem

Bg-2 >tIDOyY
y Stau mass = 200GeV p ig«qwfeé> 2%p 11D 6

( Stau mass = muon 150GeV wO U 1.5%) IO ... olocuio il o oo
tand = 10

Stau '> TaU + GraVItInO o(; b ‘o.losl o Aol.1‘ o ‘0.115. o -c;.z
=P wHub”A £
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Polarization (e-,e+)=(+0.8,-0.3)

SIGNAL BACKGROUND
MassGev) Cross Sectiorfb) Category Cross Section (fb)
112 Vv 1l
- > WW,ZZ ! "' 1 445.9
200GeV Eos
ZLE s 1283.4
150GeV O
240GeV 3 29 ]| 1AL AlgYS
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PHYSICS MOTIVATIONZ2
WHY STAU PRODUCTION?

B MUON g-2 3.6 sigma deviation between SM theory yyyyyyy
SUSY particles 1-loop correction

I 2
| i e lie S 200 m, ptan E |
| g it t5 B2 I Him? b B/ B Kl SeiX
soft 4 N P
Msoft = loop sparticle mass | 9! 2 ' " P
gis SU(2) ,Y(1) coupling const. all : 2 ,l’, \ ft\ ,.//f,’ v, ;}

Mess = 10" GeV, tan3 = 10
Ag = 500 TeV

3.6 sigma deviation is explain with assumption of 04 (b)
Sfermion exist in the region of 100GeV ——

utan! ! 4TeV "l ]

Itan | ~4TeV —— large stau left-right mixing
—> stau is NLSP

—> FORag,! 15 " m.! 200GeV

"0 005 01 015 02 025 03
A3IAB

SO ——— """"“"“"’“""”—'2"8"'*'"""""""""7' ﬁ
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éAm,- . + l AT; 2
2 ms 2 Tz
AT

1.

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

~0.5% (threshold scan)
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