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Motivation/Objectives

Examine low mass SUSY observability in final states
containing top

Use CMS test point LM1 (B’ postWMAP) where
gluino cross section is high (35 pb)

Target the decays to stop and sbottom

Because they are heavier than the top

o a lot of top quarks are generated via SUSY
production/decays.

The 2 neutralinos result in events with high MET.
The inclusive SUSY signature Is top+MET.

S. Paktinat
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LM spectrum and branching ratios

MSUGRA, tanB = 10, A, = 0,1 > 0

LM1 parameters: M,,, = 250,
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Objects and Algorithms

m ORCA_8 7_1 (Jets from ORCA_8 7_4)

m [terCone 0.5 Input: ECAL + HCAL Towers

m Isolated electrons are removed from the list of the input
for the jetFinder.

s Gamma/Jet calibrated jets:
E;/2v>30GeV |n|< 25
s TrackCountingBTagging
s METfromECALPIlusHCALTowers + muon correction
m |solated e/u P+ > 5.0 and |n| < 2.5, (AR(l-]) > 0.2)

s 2C kinematic fit to extract top quark (CMS NOTE-2006/023 )
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2 Constraints Kinematic Fit

= The purpose of this analysis is not to measure the top mass
-> top mass is used with W mass as the 2 constraints to find
the best jet combination.

1. To reject non-SUSY backgrounds (W+X)

2. Toreject SUSY combinatorial backgrounds

= Only energy of Jets is smeared in the detector

( checked that directional errors have a small effect.)

i Emj (m-lr'if - *MFHJ,:IE \ (?ﬂfoJp — ﬂ’fTLrp]E
(Cw /2)? (T'rop/2)*

i=1

s Last 2 terms: take into account the width of the particles.
(Breit-Wigner approximated by Gaussian.)

= m, and my,, computed from jets. The third jet is a b-jet.
= Error parameterization from the CMS Note AN2005-005

S. Paktinat
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2 Constraints Kinematic Fit

uses the (y2probability) as quantitative criterion to reject “fake” to
AP y q J P

i TotalSusy
s ¥ ! Susy(withTop)
% —— Susy(noTop)
Peak at low S 1074 —— t |
probability 1 .
IS partly 5% B
because of ::} = e -
parameterization - I e e e WL TSR
of jet energy 10° & TP i HEE I R PR
uncertainty S ittt st | I ot e e
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

%2 probability
In THIS SLIDE TotalSusy= 200 k LLM1 (inclusive), tt=100 k (inclusive)
all normalized to I v
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2 Constraints Kinematic Fit

Improves the kinematic features of reconstructed top and W

Improved energy resolution for W and top by ~40% and ~50%b
Improved bias

= = B 4.:,_..:,1030_..,...,...,...,...,...,.
= - Constant 509 6 & L Constant 761.7
= 500 = R
Il - U gnol
- Mean -11.8 - M ear - G5B
400 — B
- Sigma 21 oo~ Sigma 1313
00— . -
- 3 4o0b —
oo - C ]
100 3 =00 -
- 3 C ]
[~ L 1 P | | I T R T A A A | PR T T T [T T T N TN T T A S O O e T T T n ]
00 =0 -B0 40 .20 20 40 0 40 -20 O 20 40 B0 &0 100
Fi
= 100k ttInc S B (@aV)
= I e L B T —
S aoo0fF Constantm Constant 714 5
= -
LIJ -
Is0E
= Mean -10.27 700 Mean -£ 178
00 -
= Igma 26.92 500 .
zs0fF o Sigma 1411
= = 500 -
200 = =
= 3 400 =
1505— _E =00 -
100E" E 200 -
50 3 100 =

P S IS T T [T T H I BN il M 11 PRI T T B R A P e
] 20 <40 [=14] S0 100 -qIL'JU -50 -60 -40 -20 a] 20 =14} S0 100

40 .
BT - B (Gev) BT -E(Gev)

S. Paktinat
21/05/2006 LHPOG6 Tehran May 2006

]
[=Ynn1n)
o

1]

o

c'n-
(=10
i

o

ha

o



Selection requirements (1)

1)Jet/MET L1+HLT

2) MET > 150 GeV

/

After Previous
Cuts

21/05/2006
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M 3L ] - 7Wi
< 10°E 7 P B &
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Selection requirements (2)

—
Lo
.

% = - T e ToalSUSY
. - L ——— SUSY(withTop)
3) At least 1 b-jet. 2 . S SUSY(:;To;)p
: : L - ——t
4) At least 4 light or b-jets. 10 /[ p— i
(to eliminate QCD, W/ZW) - 11 e Q’:& T
102 5_ ...... I--1+ I _§
- - |..I . -
After Previous ::> k| ] _
Cuts - I = -
i e 1 }
3 = E
5 : n z
5) A Convergent Fit ok i B )
= WS WY N #""""l"'h"f'
0 2 4 ¢ 8 10 12 14 16 18 2

Jet Multiplicity
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Selection requirements (3)

6) 2 probability > 0.1 (eliminates fake top: SUSY combinatorics)
-ﬂ I T 1T 1 T 11 | T T 1 | T T 1 | TOtaISUSY
S SUSY(withTop)
= SUSY(noTop)
L 408 ——
-------- WWj
---------------- Single Top
10° =
1 [ -
1051 =
= .

[ ol "1 I iL|4 E
T S l " lu,iLJuh__,Lm 41 A IH” n'IIHI

0O 0.1 O. 030405060708091
x= probability

I|L|JI 'ILI-LL." [
|
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Selection requirements (4)

Events

7) A¢ (fittedTop, MET)<2.6
(eliminates tt)
8) At least one IsolLep
(eliminates QCD)
Cuts were optimized to:

Reduce SM Bkg

Maximize SUSY(WT/noT)=
SUSY events with a generated top

SUSY events without a gen top

— TotalSUSY
—— SUSY(withTop)

— SUSY(noTop)
—— it

[LILRN R RNNTY] Single Top

S. Paktinat
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Selection Requirements Summary

cut SUSY(withTop) | SUSY(noTop) | ttlnc | WW) | ZW) | Swngle Top | wl/noT
x-sec(pb) NLO 52 830 | 26091 | 515 250 -
No.of used events 494261 1674500 | 305000 | 70000 | 100000 -
NEve(Norxsec)l fb~" 8375 43625 §30000 | 269910 | 51500 | 250000 0.1¢
LIT (JetMet) 6269 33382 75806 | 18408 | 398 10875 0.18
HLT (Jet/Met) 5070 20427 14430 | 4733 | 142 730 0.17
MET> 150 GeV 4183 25677 4030 | 2312 | 9 633 0.16
npy > 1 3437 14388 3718 792 32 333 0.24
g I > 4 1789 4576 69 | B | 0 33 0.39
A convergent Fit 1335 3062 357 12 0 28 0.44
v probabilify =01 105 oY 30 0 ( 5 152
Ad <26 it 52 12 0 0 131
ny >0 38 17 5 0 0 0 210

The most efficient requirement to increase SUSY (wTop/noTop)
is the % probability > 0.1

S. Paktinat
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Events / 6 GeV/c®

W and top after selection

21/05/2006
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Selection on QCD background

Pr range -sec(ph) | NoUsed | LIT | HLT | MET | npg | ng | y° | Ao | my
QCD-80-120 30+ | 24486 | 84 | O [ 0O [ O[O O] 0|0
QCD-120-170 | S0e+d | 213842 | 9180 | 20 | 1 [ O[O [0 O [0
QCD-170-230 [ Op+5 | 338478 | 48000 [ 405 | 12 [ 3 [ O [0 | O [0
QCD-230-300 23800 | 380078 [ 108256 (1866 | 78 |42 12 |0 | 0 [0
QCD-300-380 06400 | 283083 | 114600 (2084 | 241 (13212210 | 0 |0
QCD-380-470 [880 | 191989 | 07488 | 4056 | 466 [ 330 (40 [ I [ 1 [0
QCD-470-600 690 | 173087 | 104025 [ 6750 | 905 |0 [ 156 [ O | O [0
QCD-600-300 202 04057 | 64347 | 6758 | 1031 [ Q07 (222 0 | O [0
QCD-800-1000 | 357 | 49400 | 38530 | 5602 | 976 (08 (262 1 | 1 [0
QCD-1000-1400 | 108 | 23250 | 19869 | 3761 | 841 [812 (260 | 0 | O [0
QCD-1400-1800 |  1.06 00 | 476 | 370 | IS || LT )0

S. Paktinat
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Selection on W+jets background

*;ample x-5ec(ph)
/ J L C - L
Wiy 23-170 | 10069 (LOY | 757936 [ 6057 | 423 | 67 [ 9 L O (0|00

Widv 2001400 | 4886(LO) | 86000 | 33203 | 39830 | 25370 (714211243 0 [0

No.Used

sAlthough the new analysis is more powerful against QCD
and W+ jets, but

mLow statistics in low P+ (high cross section) bins cause a
high statistical uncertainty.

mCould benefit from higher statistics for low P+ bins

S. Paktinat
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Results

= Selection efficiency SUSY(withTop) 4.5*103
= Selection efficiency SUSY(noTop) 3.9%104
= Selection efficiency tt 6.0*10°
m S =SUSY events (withTop + noTop)

E ~ SUSY(withTop)+SUSY(noTop  38+17 11
B tt 5

m SUSY events: withTop > 2 * noTop

S. Paktinat
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Systematics

Systematic  Value%

Considered dominant systematics

JES (Jets) 5.1

(from det-PRS) for tt:

JES (Met)  18.3

¢ Jet Energy Scale

b-tagging 8

(Jets, 5% 1fb1)

Total 20

(MET, 5% 1fbL)

21/05/2006

¢ Db-tagging (b-tau)

S. Paktinat
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5 sigma discovery

Using Bityukov-Krasnikov formulae for significance,
Significance = 2x (/S + B —+/B)

the minimum Integrated Luminosity for a 5 sigma
discovery is

5=+/ILx2x(+/55+5—+/5) = IL=0.21fpb™"

In this IL, S and B are 11 and 1, respectively. It
means that the statistical uncertainty is dominant,
so the systematics are neglected.

S. Paktinat
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Reach in m,-m, 1 plane

Ntuples are generated for <200 GeV steps in both m0 and m1/2.
Total points are 36 points. NLO x-sec from prospinol.

1DDD gy 1 1 1 | 1T T T [ T T 1T [ T T T [ T T T [ T T T [ T T1 T
, LSP

CMS

Systematic Uncertainties included

CMS Fast Simulation

500

m,, (GeV)

NO EWSB

...................... SRR TN WOUUN DOUNN N TN OO NUNNYTOUN TN WOOOR DOOO0 OO O Lt R
DD 200 400 600 800 1000 1200 1400 1600 1800 200C

m, (GeV)
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Conclusion

= A 2C kinematic fit is adopted that improves the top
guark extraction in the SUSY samples.

= The observability of SUSY in inclusive top+MET
final state is studied.

x CMS reach in m0-m1/2 plane is studied by using
FAMOS.

S. Paktinat
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‘Back up Slides
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Summary for KinFit:

m Efficiency: 46% of tt events with a b-jet and 2 light jets
have a convergent fit with y2 probability > 0.05
m (92% if %2 probability > 0.0 )

m Fake rate: 4.5% of SUSY(noTop) events with a b-jet and
2 light jets have a convergent fit with 2 probability > 0.05
m (27% if 2 probability > 0.0)

m Purity: 33% of the fitted top quarks have a generated top
closer than AR = 0.5 that decays in W(jj)b and all j,j and b
have |n|<2.5 and E; > 30 GeV with y2 probability > 0.05

m (44% if 42 probability > 0.05)

S. Paktinat
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et/Lepton Separation

Electrons
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Points for scan

In every point the minimum IL for 5 sigma discovery is shown

— Mean x
il Meany
1400 RMS x
- RMS y
1200
1000
800 —
600| '
400 =
200—
jf ] | | | ] | | | | | | | | | | ] | ] | | | | | ] | ] | ] | ] | ] ] ] | ] ] ] |
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Reach in m,-m, / plane
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MC data samples and cross sections

m SUO5-LM1: NLO x-sec 52 pb (Prospino/SUSYBSM
Group) (signal)

N jm03b ZWjZ NLO x-sec 51.5 pb (Generators PRS Group)
(background)

x JMmO3b-WWj: NLO x-sec 270 pb (ditto) (background)
= JmO3b-tt: NLO x-sec 830 pb (ditto) (background)
s JmO03b-gcd  LO x-sec from pythia (background)

published DC04 samples PYTHIA 6.215 & Low
Luminosity Pileup

= MSUGRA LML1 IsaPythia: ISAJET 7.69+ PYTHIA 6.225

S. Paktinat
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MC data samples and cross sections

(newly considered backgrounds)

m Single Top (t-channel) NLO x-sec 250 pb
o Generated by TopRex 4.11, W decays inclusively.

= WDbb LO x-sec 107 pb
o Generated by TopRex 4.11, W decays leptonically.

m W] (25<P.<170) LO x-sec 10069 pb
= W] (200<P,<1400) LO x-sec 48.86 pb

o Both Generated by PYTHIA, W decays leptonically.

S. Paktinat
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Extracted W and top by the fit
(x° probabihty > (0.05)

22000 - TotalSusy E1 200 TotalSusy
18005 N Susy(withTop) o | N Susy(withTop)
W 2 Susy(noTop) W00l 25 Susy(noTop)
16001 _
. t [ D t
1400 — 7 - ]
E 1 g0r B
1200F E : :
g :
B00F 1 : ' :
B00E 100K ttinc :
400F 200K SUSYInc .
200 SN SRRNLE . TR i
0_ II|I\\|III|III‘_ 0|||||||||||| .q.\.\\\\“s‘\\\\\“s‘\\\\\\. NI AT A
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150 200 250 300 350 400
m, (GeVic) m (GeVic?)
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Some x-sec, BR

m0-m1/2 1850.000 250.000  X-SEC =6.5 pb (NLO)

M(GL) = 696.10

M(UL) = 1900.77 M(UR) = 1903.69 M(DL) = 1902.46 M(DR) = 1904.68
M(B1) = 1560.51 M(B2) = 1862.23 M(T1) = 1137.35 M(T2)= 1570.48
M(Z1) = -99.37 M(Z2) = -195.12 M(Z3) = 380.84 M(Z4) = -398.38

= MWL) = -195.94 M(W2) = -397.64

=  MQHL) = 116.14 M(HH) = 1878.02 M(HA) = 1865.65 M(H+)= 1879.65

= GLSS --> WI1SS+ BT TB 0.42630E-04 0.64082E-01
= GLSS --> WISS- TP BB 0.42630E-04 0.64082E-01
= GLSS -> W2SS+ BT TB 0.18323E-04 0.27543E-01
= GLSS --> W2SS- TP BB 0.18323E-04 0.27543E-01
= GLSS --> Z1SS TP TB 0.45796E-04 0.68841E-01
= GLSS -> Z258S TP TB 0.43684E-05 0.65667E-02

S. Paktinat
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Some x-sec, BR

mO0-m1/2 1950.000 350.000 X-SEC = 1pb (NLO)

ISAJET masses (with signs):

u M(GL) = 927.28

u M(UL) = 2058.29 M(UR) = 2057.18 M(DL) = 2059.84 M(DR) = 2057.66
" M(B1) = 1703.06 M(B2) = 2012.35 M(T1) = 1259.72 M(T2)= 1713.83
n M(SN) = 1956.90 M(EL) = 1960.57 M(ER) = 1951.69

n M(NTAU)= 1949.01 M(TAU1)= 1935.69 M(TAU2)= 1953.05

" M(Z1) = -141.90 M(Z2) = -278.97 M(Z3) = 473.38 M(Z4) = -490.39

u M(W1) = -279.85 M(W2) = -489.73

m GLSS --> W1SS+ BT TB 0.18788E-03 0.68487E-01
m GLSS --> WI1SS- TP BB 0.18788E-03 0.68487E-01
m GLSS --> W2SS+ BT TB 0.23320E-03 0.85011E-01
m GLSS --> W2SS- TP BB 0.23320E-03 0.85011E-01
m GLSS --> Z1SS TP TB 0.27985E-03 0.10202E+00
] GLSS --> Z2SS TP TB 0.41819E-04 0.15245E-01
] GLSS --> Z3SS TP TB 0.33028E-04 0.12040E-01
m GLSS --> 7Z4SS TP TB 0.78771E-04 0.28715E-01
S. Paktinat
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Some x-sec, BR

mO0-m1/2 550.000 350.000 XSEC =5.1 pb (NLO)

ISAJET masses (with signs):

M(GL) = 857.27

M(UL) = 930.12 M(UR) = 912.29 M(DL) = 933.60 M(DR)= 911.05
M(B1) = 823.46 M(B2) = 890.61 M(T1l) = 665.12 M(T2)= 857.23
M(SN) = 592.36 M(EL) = 599.98 M(ER) = 565.46

M(NTAU)= 589.95 M(TAU1l)= 559.14 M(TAU2)= 598.71

M(Z1) = -139.13 M(Z2) = -268.11 M(Z3) = 464.84 M(Z4) = -481.81
M(W1) = -268.51 M(W2) = -481.27

n GLSS -> TB1 TP 0.29033E+00 0.38523E+00
n GLSS --> TP1 TB 0.29033E+00 0.38523E+00
S. Paktinat
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Fit Validation(1)

mStarting from the right s F T /1 8§ P /7
h th . @i 104 — Al {fromi i) 5 Iﬂ 1III"§— — &1 {fsam it n
ypo ESIS Inaide Mass Wincow E E —— Inside Mass Window
sMatched Partons
=No fragmentation-hadronization g
sNo detector effects ,.{E
=3% have a 2 probability less - U 8 6
than 0.01
g T T I Mean so88| £ T T M Mean 1745
(i G 10t
BRMS 6.065 F BMS 7.086
Inside window: - 1 F
IM,, — 80| < 2.5 GeV 3
10k -
|Mt —175| < 2.5 GeV E E
T Lo e T R TRV TR U el T |
My (GeWic®) m, (GaVic®)
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Fit Validation (2)

— Al (from fit)

Matched GenJets - ERPR— —
(clusterized stable particles) :

Events

0
[
= w— Al (from fit)
Ll

after fragmentation-hadronization
No Detector effects _ )
11% have a y? probability less o T T T e 607170205 0.4 050507 0805 1
than 001 %2 probability
%1-33 | | Ill—mllrrrwrtll | _ % IIII—IMHIfrermII
i 180} . i}
.Matched ReCJetS 14:12 — Inside Mazs Window 1P — Insiide Mass Window 3
120fp
fragmentation-hadronization 100F
and detector effects are in. ::
15% have a y? probability less wE : i
than 0.01 R R T R s R N I TR S A

p2 2 probability
The main sources of the large peak close to zero are the
fragmentation-nadronization effects.
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FAMOS vs ORCA(1)

= We run ORCA on a sample of LM1 and tt.
ORCA _LM1 and ORCA tt are the number of the
remaining events.

= Do the same with FAMOS. FAMOS LM1 and
FAMOS tt are the number of the remaining events.

s We check If
FAMOS tt/ORCA_tt = FAMOS LM1/ORCA LM1
m [0 INCrease the statistics, some cuts are relaxed.

S. Paktinat
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FAMOS vs ORCA(2)

m 230k tt for ORCA 46k tt for FAMOS
m /5k LM1 for ORCA 30k LM1 for FAMOS

sample ORCA FAMOS | Famos Orca
All curts
L1 31.6(224+9.6) | 41(28+13) 130025
MNo Tnigger, No Cut on MET
LM1 64 8 T7 1.18+£0.16
i 100.6 121 1.214£0.13
Onlv b-jet cut
LM1 16346 8 12644 0.77
tt 27413 .2 28184 1.03
Only b-jet and n; cut
LM1 5807.2 5085 0.88
tt 4847 .6 4669 0.96
Omnly b-jet. 12; and = cut
LM1 203.2 216 1.060.09
tt 724 2 T80 1.08+£0.05

FAMOS

21/05/2006

S. Paktinat

LHPOG6 Tehran May 2006

= We use 1.3 as the (conservative) scale factor for
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