E—

Measuring very light gravitino with
stau NLSP at the ILC

Ryo Katayama™

T. Suehara™, T. Tanabe™?,
S. Yamashita™, S. Matsumoto™s,
T. Moroi™, K. Fuijii™
*1: The University of Tokyo, *2: ICEPP
*3: Kavli IPMU, *4: KEK



e —

Introduction
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- Standard Model: Radiative correction due to the Higgs is

too large to be natural (hierarchy problem)

example : at GUT scale , correction becomes O(10!° GeV) for Higgs
mass O(10% GeV)

- Expected to be solved by constructing a new model

» Super symmetry model (SUSY): One of the most
promising new models

- In case of gauge mediated SUSY breaking (GMSB),
the gravitino appear as the lightest SUSY particle (LSP)

« GMSB doesn’t have SUSY Flavor problem
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Low Scale GMSB Model

< Thermal Leptogenesis >
< Cosmological Constraints > - Baryogenesis is realized by assuming
- Cosmological measurements constrain right handed neutrino was generated in
gravitino mass into two regions the early universe and the sphaleron
« The constraint against reheating process which conserves B — L
temperature doesn’t exist for low scale (B: baryon number L: lepton number)
GMSB which has O( 1 eV ) Gravitino « Needs high reheating temperature
to generate heavy right handed neutrino
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cold dark matter candidate 1 & L ! . .
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Expect its problem be solve ‘. - .
by another model, S s Gravitino mass (eV)

for example: axion and so on.
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The Purpose and Significance of study

< Purpose >

» Low Scale GMSB is attractive because it can solve both
hierarchy problem and baryon asymmetry problem

- In this study, we evaluate precision of gravitino mass
determination at the ILC experiment

< Significance >
- High precision determination of gravitino mass
= The mass of sparticles that appear in GMSB is
a function of SUSY Breaking Scale

» By combining results of other study,
we can constrain the messenger mass
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Stau NLSP properties in Low Scale GMSB

- Assume NLSP is the stau 300
T —> 717G
- Stau lifetime typically short

« Gravitino mass can be
determined from
the stau mass and lifetime:

T= = 487rMplm2§ /m:;5
2

200

Stau mass (GeV)

sample point

« In this study, we analyze 7'/
the case of stau mass of 100 b

120 GeV and lifetime of 100 um

1 10
[arXiv:1104.3624] Gravitino mass (eV)
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Stau pair event topology

- Decay lifetime of tau is 87um < Signal at the ILC> .

- Observe only the decay products e = X
« Tau decay mode: \N\/\ AN

> We limit to only the 1-prong .« =
mode in this study / AR Y
- Influence the stau lifetime e’ ' TX
determination method : :
<Branching ratio of tau 1-prong decay>

v’ Indirect lifetime measurement

(r—ev(17.82%)

from the impact parameter

distribution T—uvv(17.39%)
v’ Future plan: T—7r(10.91%)

we will include the 3-prong decay S iy (25.51%)

\T—om2r’v(9.51%) )
[PDG] 3 prong ratio(15.19%)
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Analysis strategy

1. Determine the stau mass by using the following two methods
> From the track energy distribution: Vs = 500 GeV

> From the threshold scan : Vs = 250 GeV
2. Determine the stau lifetime by using below
> From the impact parameter distribution: Vs = 500 GeV

3. Determine Gravitino mass precision by putting both stau
mass and lifetime precision into the formula below

Am%_ 5 Ams 2+ 1 A= °
ms3 B 2 ms; 2 T




Simulation framework

- Event Generator
= Signal : Physsim
= Background : Whizard Ver.1.95
- Beam condition
= Energy spectrum: include effects of Beamstrahlung

= Beam polarization

- Signal and background samples are generated with
pure beam polarizations, then weighted to realistic
polarizations

« Software tools
= Mokka with ILD 00 for the detector simulation
= LOI digitizer, tracking, PFA for event reconstruction



Sighal and Background Processes

< Assumed E,,; and Luminosity >

Vs (GeV) Luminosity (fb?)

» Signal: Only right handed stau
- Polarization: (P_, P_,)=(+0.8, -0.3) || nominalanalysis | 500 500
—>To suppress WW background

threshold scan 250 ~ 261 100 /point
< Process and generated event number >
Num event Num event
Process (nominal (threshold

analysis) scan)
5 . + . N—i_r\.}_
SignalleTe” — T T 68078 969
77 — BGlete™ — 71~ 634295 811753

WW — BGlete™ — WTW~ — 1Tl v
77 — BGlete™ — 72°Z° — 1T~ ww

vvBGlete™ — ete vy — ete Tl (qq ~0(108) 3.5%10°
7Y Y

207952 37081

[bhabha]e+6_ s eTe” ~ 0(109) /




e —

Overview of event selection

< Main selection >

/ Number of tracks = \
Nominal Threshold
* high P, and energy analysis Scan
> Suppress vy background
+ Tight cut on |cos(6)| = Suppress bhabha Evis (GeV) > 30 30 ~ 150
 Acoplanarity cut - Suppress tt background
- Analysis specific cut |cos(6)] <08 <085
¢ |do |./ o(do) (track energy, Threshold Sce.m). Acoplanarity 093 09
4 require at least1 hadron track (track energy, hfetlmey
< Weighted event counts after all cuts > Signal Background
stau-stau TT vY BG, Bhabha | WW, ZZ -> lvlv
Track energy fit
(only 180 ~ 250 GeV) 219.5 1.1 0 6.1
Threshold scan
(261 GeV) 467.5 49.7 20.0 211.8
Lifetime analysis 14565 563 1047 1859
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Track Energy fit

Stau mass with track energy fit

| stacked histgram |

The stau mass determines the 10° &
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maximum of the track energy I tsupal B
Procedure o e aG
1. Acquire the edge of track energy 107

distribution by the following fitting

function (refer to right figure) 10
/(@) = { g(x) = a(z — fexp(yz) (g(x)>0) |

0 (9(x) <0) “

2. Substitute the fitted value for the ® | L o || W TP N
maximum energy in the kinematic track snergy (GoV)
formula (refer to right) to solve for
the stau mass E'max = YmaxE + \/’Ymax2 - 1\/E2 — m?

3. Repeat 1-2 above 10,000 times ) ) @
to evaluate expected precision of _250(GeV) p _ Mz me” -
stau mass Tmax = ma 2msz ~0

Am-~ Tau energy is maximum
# T ~ 1.4 (7 " - :D @® @ when the stau and the tau
~ 1. 0 P T  decay ( T .
ms are collinear
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Stau mass with threshold scan

Threshold Scan < The rise of the cross sections >

The stau mass can be also JIPTT Y [— Stau mass 110 GeV
obtained from the rise of the R Stau mass 120 GeV
cross section near the threshold %160__ """""" Stau mass 130 GeV
—> Acquire the cross sections at 3140:— sz;lﬁllee 52112: jgg SEX

several Eqs to be compared with § | Sample point 261 GeV
template samples of various stau 1200 1
masses 100}

Procedure S0l

1. Perform full simulation of signal -
samples at Vs =250,256,261 GeV 60—
and background samples at Vs na
=250 GeV, scaled to 256 and 261 :
GeV 200 i i

2. Perform toy MC experiments on ol Lol L@ i ieri T b L

: : : 210 220 230 240 250 260 270 280 290 300

the signal yield to derive the cross Root_s(GeV)
sections considering S/N and cut —

efficiency sample points
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Stau mass with threshold scan

Graph | 2 I ndf 2.484e-05/1

2100 Prob 0.996

. . B po -1.64e+05 + 8.436e+04

3. Compute the chi2 against the F ’ Jasne ans
i p3 0.1054 + 0.0492

expected cross section at five points
(115,118 ,120,122, 125 GeV)

4. Compare the cross section with
stau mass by fitting with a third
polynomial function

- Regard the chi2 minimum as the

(Preliminary)

Reduced Chi Squa

1 1 I 1 1 1 | 1 1 1 1 1 1 I 1 1 1 I 1 | 1
116 118 120 122 124 126

measured stau mass Stau Mass(GeV)

5. Repeat 2 -4 above 10,000 times —hreshod scan | e o
. R c C ean 5

to evaluate the expected precision of Graun- 1 708119
stau mass 1200 z::onbstant 1;5203‘13;;0.2

C Mean 119.9+ 0.0

1000/ Sigma__ 0.6514 + 0.0045

800—

A = 600 1
m ﬁ0.5% 4002— (Prell

m’7‘: 200

inary)

=

P PR B PRI

PRI (RS L L PRI R |
P02 12 116 118 120 122 124 126 128 130
Stau Mass (GeV)
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Stau lifetime determination

Impact parameter { 1-prong decay products

Impact parameter distribution is (71, e, etc.)
sensitive to the stau lifetime

—> Use the d, component because its
uncertain is small

Impact
Parameter

4

Procedure R 6y Gravitino

1. Perform toy MC experiments to Collision Point m/ e
compare d, distribution against the Vertex detector { g
template samples at ct = 90, 100, 110 um S

2.  Fit the chi2 at the three points by a [Cenr ) GEACEENTL | Enires 374857
parabola and regard the minimum as ; - RMS o113
lifetime 10° —— ctau = 90um

— ctau =100 um

3. Repeat 1-2above 10,000 times
to evaluate the expected precision of the
stau lifetime

—— ctau = 110um

-
o

O_I IIIIIII T IIIIIII| T IIIIIII| T III]IIII

=N

PRI IR B | | | | | | |

AT:{-
— ~2.1%
~ 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

T’T distance(mm)




e —

Determination of the gravitino mass

- Substitute stau lifetime and mass precision into gravitino
mass formula, we get the following result

Ams \/(5Am;>2 (1 AT%>2
— e + (=
ms 2 msz 2 Tz

Am;
M7~ 1.4% (track energy) A=
mr T~ 21%
Am'r T+
~0.5% (threshold scan)
\ ms }

Ams Y

2 ’14%('61‘&01{ energy -+ lifetime) « Reminder: Prefactors 5/2 and
1/2 come from the power in

the gravitino mass formula

ms

Am2§
2 ~2% (threshold scan + lifetime)

ms
2
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Summary

» Assuming Low Scale GMSB and stau NLSP with 120
GeV mass and ct = 100 um lifetime, we obtain the
following results

Am;

ms

~1.4%

(track energy)

\ Am s

ms
2

2 4%

(lifetime result)

Am;
ms

(threshold scan)

~0.5%

/ \.Amg ¢

N2%

- The lifetime precision should be evaluated including

three prong tau decays in the future
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Back Up
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stauD B =RTE A

_The track energy for 120GeV | r nrgy Fitting

— Gaes  wwm 1. EBRE R dtrack energysy
b i amiw i Pedgefe LU T OFitting 3]
°F . 4 e HCHUAS(E EXZ R

{ g{z) = alz — 3) exp(yzr)

\, 2. 1DfH % stau b AREE T Htau

R N S DEFH I T L X — D FEAT
AARAL(E ), stau

B EOMREFF OB ZED

A CER ST
Ymax — 250(G6V)/m7~. * “ I:>Q @ I?E'ﬁi%taub HjiﬁStau

BoEs T deay ¢ 7 B S B %A IC Bk

m=2 + m..2 @2 3. 2T LN TR DM 2 KK
T

107

b= AHE TR %

2m=
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stauB =R EFfFE D1

| stacked histgram |

e signal®EHLETY TV E e

o TIES - ERIERD  w =

track energy /s i 6. 45 .
BinZ Poisson#itsl CIR->7

[1528% ] %Rk 1
(Toy MC) " l

° T()y MCTmaSS flt%lﬁ nik: 0 50 100 150 200 250

track energy(GeV)

/ — 6 77' O) | Track Energy Sample | ToyMC stau mass
ﬁ“ —Jhg Entries 10000

‘5600— Mean 118.9

%_} }Eﬁ 1/ A T maSSﬂ%/:F_ D n/':l%_—lé %‘f 81400;— ;Nllidf RELC
REL 0D FOMAER: -

Prob 0
1000

Constant 1474 +17.8
Mean 118.8 + 0.0
Sigma 1.733 £ 0.011

A~ o
T~ 14 % ot

mf 2005—

C L L L il I | L 1 1 1 I 1 1
POS 110 115 120 125 130 135
stau mass(GeV)
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The signal and noise ratio
for lifetime analysis

Impact parameter distribution

et
c
3 T Signal
— igna
Q 103 g
- tautau BG
I 22 + bhabha BG
F wWw+2ZBG

8 1
distance(mm)

0 0.2 0.4 0.6




stau®) FRIEF ODJQE**F'

CT = 90 um, 100 wm, 110 um® EHLEF 7
/7L~—N&/7»tSumw}nﬁﬁﬁ
/7w%ﬁofﬁkﬁjoVﬁW%\%
Bin % Poisson#tat CiE -~ 7= M1FER] %
xBTS
Towmﬁﬁk%7/7v~kk@
reduced y2 % it _\ T L— FDRR
5 i cr o BRI 12

2> (Error)2% 7 /7 I/*— ~ DHEEF DR
%a%%m%@mﬁ@ﬁm@ FOT

FRTERT S

FFcreduced 20 =M E R TT 4 v

5

Toy MC CHtMi#R 7 4~ b &1 HEIRTT

L. H%ﬂtﬁmﬁ@\ﬁ%%WTﬁ
MTE DRFE A ARG 0 LUF Ol % 3

t
AT
T 1.9%

T

3

71 1

¥2 I ndf 6.861e-25/0
Prob 0
g 0.8 po 15.61+121.9
X p1 -0.3023 + 2.451
2 p2 0.001523 + 0.01225
% —
0.75
0.7
0.65
0.6 1 | 1 1 1 1 | L 1 1 1 I 1 1 1 L | 1 1 1 L | 1
90 95 100 105 110
lifetime (um)
ToyMC
Entries 10000
Mean 99.62
RMS 1.969
Underflow 0
Overflow 0
Integral 1e+04
Skewness -0.2163
%2 I ndf 97.05/ 36
Prob 1.648e-07
Constant 1037+ 13.4
Mean 99.65+ 0.02
Sigma 1.905+ 0.015

105

115 120
lifetime (um)



stau®) FRIEF ODJQE**F'

=

CT = 90 um, 100 wm, 110 um® FEHLaF 7T
/7L~—N&/7»tSumw}nﬁﬁﬁ
/7”%@OT¢Ot&Y%MWA
Bin % Poisson#i it CiR - 7= [138x]
xBTS
Towmﬁﬁk%7/7v~kk@
reduced 2% HEHil i _\ FFL— NDRA
5 i cr o BRI T2

%2@(Error)2%7‘ /7 I/** ~ DFEETDRE

Fdreduced w2 —
b5

Toy MC TR 7 « ~ b &1 FERITL.

HEMtﬁdm@\ﬁ%%wT%
M#%ﬁﬁ%@uT@m%ﬁt

AT=

T

TR

~2.1%

V1 2

2

it %jj&q:@iflﬁf 7 /( v | ToyMC lifetime |

+2 1 ndf 2.362e-24 /0
Prob 0
§1 3BE po 28.61+121.9
3 13F p1 -0.5398 + 2.451
s E p2 0.002628 + 0.01225
S1.25
1.2
1155
1.1
1.055
1=
0.95
0.9
— 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1
90 95 100 105 110
lifetime (um)
ToyMC
Entries 10000
Mean 102.7
5000 N RMS 2.242
Underflow 0
Overflow 10
800— Integral 9990
- Skewness 0.6059
¥ I ndf 208.4 / 46
- Prob 1.575e-22
600— Constant 950.9+ 12.7
B Mean 102.6 £ 0.0
B Sigma 2.052+ 0.018
400—
200—
_ll|llllll|llll_l llllllll
%0 85 90 95 100 105 110 115 120

lifetime (um)
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GMSBAREU &5 & gravitinoB = D%

LMSSM<—> Emess <—>WSUSY
o RADBIHMERL A B Uy —hOF —UHABEAEH 20 LTt
MR T v )V EFRAEAEH L, RO N DMe o D
« AvbBUTU¥Y AT — )L TEXFHMERFOEENDPED | I EHhO= L
X —AT = NANFTRY AL TR RREIETRD 5
o XA FOEBEEIIA B Y —AF—/LTUTTH D,

Vi (fo)ae mt =230 (F) A my =

o 2 V3M,y

4 3 5
A = F C.==or=or0or>Y?
¢ MmeSngrav AS = N (Mmesscgrav> 3 or 4 or or 4

M,: 57— — /8% m;:sfermion’E & m,,: gravitino& &= | © 5 3CHk(1,(2,(3
N: Ay By —RFOH M : AvErIr—2r— Cgrav:ER CELK

F: SUSY Breaking D A7 —/L M1 77V 7HE = 2.44 x 10® (GeV)

* GMSBET/MINT A—=FA, My No Cppp, THEE S L, IRIEIZ
gravitino® & 52 & 5 SUSY Breaking® A 77— LF/N 55

—>|  gravitino® & OB EE IXGMSBHAEURAE DR ERIZ D AR TH Y |
FAE SR E & Hia 4




e —

HITHDZZE X

1) EREIAMAIITEXMNEARN (F)E LR T
FUER R F A ) B i T Py

o) M-/ F—YRIFEOREERE EF)RBIEEGR
b= YIS

3) Study of GMSB models with photon final
states using the ATLAS detector
http://www-atlas.desy.de/theses/
Terwort phd.pdf
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e1ID distribution for aa

e1 id distribution

e2ID distribution for aa

e2id distribution

—— Slgnal Entries 387026
E —— aaee Mean 0.833
2 I aamum RMS  0.4032
—— umu
do‘s
- aatautau
10°F
10°F

Entrles 387026

= F — Slgnal |‘Ilean 0.4065
Jo'k — aa->ee RMS  0.3665
o E — aa->mumu ]

C aa->tautau B
10° £
10? E—J

5 |
1ol s

1;II||||||I|||||||||I||||I||||I|||||_||||||||||||

0 0.1 02 03 04 05 06 0.7 08 09 1
(ECAL Deposit Energy)/(Total Deposit Energy)

0.2 04 06 0.8 1 12 14

(Total Deposit Energy)/(track energy)

e1ID distribution for WW+Z2Z | elid distribution
5 Entries 387026
= — signal Mean  0.4065
5 tau nu-tau nu Jrus  o0.3665
804 - —— e nu-e nu
£ —— mu nu-mu nu —
10° 3
102 3
10
1;IIIIIIIIIIIIIIIIIIIIIIIIII|T|IIIIIIIIIIIIIII |r|-|||

0 0102 03 04 05 06 0.7 08 09 1
(ECAL Deposit Energy)/(Total Deposit Energy)

[ e2ID distribution for WW+2Z |

e2id distribution

si gnal Entries 387026
.E Mean 0.833
5 L tau nu-tau nu fgpus  o0.4032
a o'k — enu-e nu
E —— mu nu-mu nu
10°F
10°
10
1 _| Ll I L1 1ICL I Ll 1 I Ll 1 I Ll 1 || T - I 1

oII

02 04 06 0.8 1

1.2

(Total Deposit Energy)/(track energy)



| The vis energy | EThei vis e;ze;gyo
ntries 7

Mean 170.6

: e | o stau’ Eﬂ%m Ztrack + neutral
g B gne}j% a2 HV L FedgefTiE DO
§ 105 The perfect pfa energy after cut E‘+ b) El j( L/}f‘tnb% \%) E :E‘&%

nﬁf®ﬁ%%7wﬁ)fb
Tge |[ZexcessHIF1E LFlttlngﬁAT
HE

N e /I/fv“**Tau JetlZx[9 %

s AL ) | s PRAD S DS

(ommeme) =TT ¢ ELRT L F—500GeV Tete
: e o -vﬁr%%bf%?%%%:

02 - THIN *T->v+m +n’
0.6
c T->V + 7 +21Y
TR )L RRE DS RS SR
:>f|:”,%\ H%ﬁ“ﬁf

AWFZE TITARDOEES O IEIZ AR
- L

1
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'I'I'l

A —4
2}

10

(RecoEnergy-MCEnergy)/MCEnergy

1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200 250
MCEnergy(GeV)
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V2R —HlHEZADFIT

o RGN T A Z — DR IAEIE X

TR X = REE DA X K

_ T Compare
| uﬂ'ghsnergy Taulet distribution_| Enties mm{g % Event display CHER L 7=
§ _ TauJ:IF::::oEnergz:.55 ¢ MC VC:\ @ 6ﬁ§?§‘
— PFO Best Combination = MCQ'rﬁi& 75? ﬁl fcﬁ 75§ E N EFlll\iHCAL
10 —— Pertect PFA Cluster & 1ii ZBECAL Cluster % #H 5%
2. N
- LEENSE LIS ITFN A B
10
5 e
« 2 FEENEAL LTS AIXF AR
H H L7
1 | VA >
; &rﬂm & U CTH oA & ARk
Energy(GeV) o FEBITITIE R T DexcessHd TH I

R GIRN RAY S
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LL T Mprocedure T150GeVLL EMDtau jetMPFAD N EFFER L 1=

[ >150GeV Taudet distribution | e 1563 1. traCkT//H\IJO f:i*/ ]/iF\b_‘ J: D TEJH %
: B AT FAL = DT /LF—

Bt — moove 2320% L, EREWVWH O AT
20f- e e o T+ M TARX—DITRK)LF—

LOMESA I T TAZ—DT
TFILX—0330%LL L& H A~ |
O

3. L,2%&07c 95512, ECALIZH 5
1 .MHHH” lllll il b TR /I/ﬂ’r*—if% io- >2gammad)
%0 160 180 220 ?EF&E‘{%L %)%%%éﬂé/
B3 N ﬂO) 5 m ~770Me 1€

g Mean  0.01654 ulji]@/( ~N K 7&@5‘)

BMS _ 0.01944

1 Betore A4, 3ETE-T A2 Mo LTl

15

10

— Improve

= ECALETDOTZ R )VF—% T + k
V7T AE—DHEG LR L Tx
KX —FERE1T 9

#ER. 150GeVLL EDTau Jet T
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1. H ............ 20 4%/711/4?&100 DIH b,
05 -04 -03 02 01 0 01 02 03 04 0.5 2530)/(/\/ ]\ %E‘&%T%fp
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Cut table( lifttime analysis)

stau-stau TT vy ->lLbaqq | WW, ZZ -> Ivlv

No cut 68078 634295 4.6%10+07 207952
Track%i=2 45636 307758 2.1%10+07 96712
pr> 5 GeV for each track 33608 271367 1.1%10+07 89460
€08 Bniss| < 0.9 35685 152974 3.3%10406 50282
Es> 30 GeV 34824 152698 1.0%10+06 50146
|cos 8]< 0.8 for each track 28606 118889 747386 18664
Acoplanarity > -0.93 18661 12151 566519 10716
012 / Eyis > 3.0/400 18049 314 21799 6777

) yy->1l,qqidPreselectiont% ® A1 X Mk



o
&I&Y > 7))L (lifetime analysis)

stau-stau TT vy -> 11 WW, ZZ -> lvlv
+bhabha
Ai~—Cut + LeptonID CUT
(stau lifetime f&4T ) 14565 563 1047 1859

 Lepton ID Cut : L | ®electron id Cut & muon id
Cutz D2 Eb—ARDO N7 v 7Dl Hz2 B
K
= electron id cut:

- ECAL deposit energy/Total deposit energy<o0.92
> muon 1d cut:
- Total deposit energy/Track energy>0.5
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Cut table( track energy )

stau-stau vw->lqq | WW, ZZ -> Ivly

No cut 68078 634295 4.6%10%7 207952
Track%i=2 45636 307758 | 2.11%10%7 96712
pr> 5 GeV for each track 386983 271367 1.1%10+07 89460
Eis> 30 GeV 37800 | 270948 | 6.4%10%06 89316
|cos 6|< 0.8 for each track 30036 129937 4. 5%1(+06 25118
Acoplanarity > -0.93 18856 13243 7 Q%1 ()*+06 11423
01 / Eyis > 3.0/500 18506 2172 1.3%10+06 8613

|do|/o(do) > 1 for each track 17537 1538 382615 1319

) yy->1l,qqidPreselectiont% ® A1 X Mk



stau-stau TT vy -> 11 WW, ZZ -> lvlv
+bhabha
Aif~<— 1 Cut
+ Strong Lepton ID CUT 3301 820 78473 166
(track fitfiZ4T F)

 Lepton ID Cut : UL F®electron id Cut & muon id Cutz V72 < & %

— KD N7 w7 Wl

= electron id cut:

- ECAL deposit energy/Total deposit energy<0.92

= muon id cut:

- Total deposit energy/Track energy>0.5
 Strong Lepton ID Cut : LA | @strong electron id Cut & strong muon

idCutz—A&KD T v 7 N3

o electron id cut:

- ECAL deposit energy/Total deposit energy<o0.95

= muon id cut:

+ Total deposit energy/Track energy>0.2
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Cut Table for Threshold Scan (Preliminaly)

Signal-1 Signal-2 Signal-3 N vy->11,qq WW,ZZ
(250 GeV) | (256 GeV) | (261 GeV) ey->1l,qq ->vllv
Before cut 969.6 1995.0 2943.7 811753 | 3.5%10+09 | 370816
track = 2 640.9 13423 1935.9 417522 | 1.8%10+09 | 27236.9
Pt> 5 GeV 511.1 1078.5 1545.1 325647 | 9.5%10+07 | 24362.6
for each track
lcosO_. | <0.8 4105 872.0 1245.0 109289 | 2.0%10+06 | 16659.5
30< E,;. <150(GeV) 392.4 834.0 1180.3 702975 | 321686.0 | 11505.6
|cos 6] < 0.85 328.1 689.9 991.3 62562.5 | 246379.0 8074.9
for each track
Acoplanarity > -0.9 287.6 614.2 874.1 2100 6147.3 6265.9
d,|/o(dg) > 3.5 194.2 432.1 626.8 1003 183.1 3193
Final eut 150.5 314.6 467.5 49.7 20.0 211.8

Final Cut

= (Missing mass)2/|cos 0

miss

| > 300e3 GeV?




