t-tbar analysis at SID
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Benchmarking Lol #5

AIM: in the all hadronic channel (et+e-—tt, t—bW, W—(qq’) calculate:

 Top total cross — section ~~
» Calculate mass of top quark ‘/

 Top forwards backwards asymmetry /
GOOD PROGRESS!
TOOLS: First draft analysis!

Clearly some algorithms need
* b tagging (LCFI) \/ tuning/improvements!
» charge reconstruction (LCFI + ad hoc) \/
» Kinematic Fitting (MarlinKinfit) J
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'.fl'he simulation process..

-—>-

OLD - Dev. Version

LOI Version
tested?

v

v

org.lcsim

DATA PRESENTED:
ee—bbffff FASTMC
31.5k events = 48fb-1"

(unless differently stated)

a=TCWS 2008 ROOT

* Depends strongly on beam polarization
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TOOLS 1: Identifying the b quark

Using LCFI Vertex package:

* Defaults tested on di-jet sample M e
 Need to check b tagging for 6 jets o )4 'y "im'lﬂil
* Originally developed by LCFI for LDC, 22;4 : : 4.--1*""*"5-& ey o LN IR IR T
check for Sid
Reconstruction b-tag of “b jets” at MC level o f =1
40000F= b
35000 m
"5 bbffff sample [ L
25000—
20000 » Good Performance
16000} * So far no parameter optimization for:
100002— SiD
5000 6 jet sample
Y R R Y R R T A TR * Not envisaged in LOI timeframe
b -tag
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3 B
t-t —bbgqqqg Event Selection

Sum of b-tag of all jets (no cut)

e Perform jet clustering (force to 6 jets) e i J
. . 5000 |
* Apply quality + background rejection cuts - auT .
. . 4000 — 1
(present background: leptonic and semi- » = et
leptonic tt + other bbffff processes only!) s |
Tota}l energy (no cut) :
) 400 : n
— All Hadronic o CUT E :—LLL'\;
— Semi Leptonic 200 ! 08 ! 18 2 2 Potal betag of all jots
All Leptonic 250 ‘ : W mass after kinematic fit (E + y cut )
200 :

0 150
y-cut min (after E total cut)

U

100

 CUT

. Mﬂhfmml.;

350;_ CUT E 9060520 "340 360 380 400 T4fulE440 iu"ﬁgnte \sf;m :
300— 1 otal Energy of e e :
250 ;‘ ! 200 i
200;— : 100....|..I..|....|....|‘:...|....
1505_ : i PlU.S Other CU.tS %0 50 70 80 % 1%2355{69\};0
"0 ' * At present no e and p identification
50:_ . . . .
oF » Still some cut optimization needed
-1 10 9 8 -7 6 5 -4 3

-2 5
log( ycut )
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TOOLS 2: Kinematic Fitting

» Kinematic fitter performed after b tagging.

» 2 jets with highest b-tag treated a b jets others as jets from W.

» Use hard constraints:

Total energy 500GeV

Total momentum (X,y,z direction) =0
W, mass = W,mass = 80.4

top,mass = top,mass

Top Mass

220
200
180
160
140
120
100
80
60
40
20

P2

0

——  After fitting
No fitting

IR R
190 200
Mass (GeV)

P, . T T T [NV T O O B
130 140 150 160 170 180

#econstraints
1

° iAlttprnﬂfpﬂ alen d1
ULLLPLU\J— A1OoUVU U

combinatorics:
Not use b tagging
Not use W mass constrain
Use only W ;mass =W,mass

* Very useful tool
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Top Mass — Simple fitting

: Top M
* Function fitted: P

gauss (detector smearing) 2202
. .. . 200
convoluted BW (intrinsic width) 180F

add tanh (good model for 160F Mass = 174.31 +/- 0.15 GeV
additional background, empirical) 1405
from combinatorics? 120F

) E At MC: Mass, = 174.0 GeV

* Purity: 97%, 100
. . 0 ﬂﬂ%
» Efficiency: 33% 60F-
* Both values can improve: 401

20
-.:.-n—l'l d HI'LJ—ﬂ_l.mJ'Im.rUJI. 1 -
‘P.‘Zﬂ

by using e, u ID

op timize cuts! 130 140 150 160 170

180 190

 Can now extrapolate results to 500fb"': _= 46MeV (statistical error)
NOTES

» FastMC study; smaller statistics studies with full reconstruction suggest no
significant degradation

« Sample 1s bbffff and not tt — no way of separating the two with the produced
sample (so includes WWZ, Z—bb + ....)
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Top Mass — “template fitting”

] ] C e Chi d/dof
Chi*2/dof vs. mass shift of top distribution Em'f’ig:a"’ :2

E Mean -1.543
RMS 3.866

WITH ONLY ONE SAMPLE:

» Assume reconstruction and analysis
differences minimal for Am = 1GeV

Chi*2/dof
[F:]
tn

(5]
(=]

[
i

« Effectively assume infinite sample
for MC template

*Take sample and shift it with steps of
0.5GeV

e Calculate y?/dof

* Infer o, of analysis

)
(=]

s
L]
BT T[T T T T[T T T[T T T [T T T T[T TII
| | | | | |

=
o

I o

2 4
Displacement {GeV*2)

th

=

PRELIMINARY RESULTS:
* For 48fb! get 6., = 155MeV — For 500fb! get 6, = 48MeV
* Consistent with simple fitting!

PRELIMINARY RESULT TO BE INTERPRETED AS SANITY CHECK

(but promising way forward...)
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TOOLS 3: Charge Reconstruction

* Idea: develop series of discriminating variables, then recombining them
Similar to what it i1s done in the flavour tagging.

At present two charge reconstruction algorithms implemented (more can be added!):
Momentum weighted secondary vertex charge
Momentum weighted Jet charge

e Variables chosen for ttbar hadronic! (different choices for different analysis?)

Purity vs. Efficiency B+/B- Purity vs. Efficiency BO/BObar
£ [ z T
|‘:|?.I L El I
= m— Combined
0.9 ool ____ M. Vertex Charge
- M. Jet Charge
0.8f

0.8

Combined
0.7 M. Vertex Charge 0.7
) M. Jet Charge 3
0.6
0.6 !
0.5f
0.5 AR TR S T T T NS MO T NS TN T SO S TR SO N M IR Y N RN N N Y N NS N S T NN SO SO NN SN SO SN S B |
] 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Efficiency I Efficiency
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TOOLS 3: Combining charge variables

* To get Combined Charge variable:
Use “MC data” to determine ratio of signal to backgrounds in each bin for each variable.
Use this ratio as a discriminating power of each variable for that specific event.
Multiplies the ratios of each variable considered.
Apply transformation to get a result between -1 and 1.

Combined charge b and bbar quarks

1400 — * Can use different assumptions of what

X is signal and what 1s background
1200 —— b quark .
— bbar quark B+/B- (previous page)

I B0/B0 (previous page)
b/b

1000
800

600

* For asymmetry study:

_L Use assumption b/b

400

200 -LLI"-'—'_L Multiply Combined Charge for
B L s B Lt Ml L | 2 highest b-tag jets
108 A8 A4 020 02 04 bined Charge Cut: Combined Charge <-0.6

NOTE: “granularity” from binning + “transformation E Devetak - LCWS 2008 10
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f\hf’l L'\ 7N 1 If\V'II O\ IMMA‘I'V':I\(\
LdAdliu v LlUdI AoOVIIIIICUITCO
Events used in Afb calculation of reconstructed bbar
* Most of the error comes from charge poves >
. E |
reconstruction 450
. . 400
* Few events from flavour mis-tagging e
 Total mis-reconstructed = 5% 00 |
250 '
« Asymmetry bbar quark: 0.33 +/- 0.04 200F- Reconsiructed bbar
. 150
 Combine b and bbar: 0.31 +/- 0.04 oo Mis-tagged (charge or flavour)
 Consistent with standard model input. soF-
. D_IE...|...|...|...|...|...I...I...I...I...
* Note a 80-30 polarized beam has been used! R
Events used in Afb calculation of reconstructed tbar
400 L e Preliminarv reenilt nn + anar
: I I P S LULLLLLLLL“LJ 1\wvwvoOoUuUll Ull U \1““11\
e « Asymmetry tbar quark: 0.05 +/- 0.04
300
- o ... low
250
200F- * No direct comparison with predictions at
150F- the moment.
100 » Expected in the region of 0.1?
*E : |  More statistics needed!
T e 04 07 097 04 06 95 1 k-LCWS 2008 11
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Slx2bFitMassEYPTTDBout

From fastMC to SiD PFA " Mesefiereusandiitine g 28
80—
 Started move to more realistic sitmulation 7°—
« Step one move to SiD PFA F
* Test performance (at low statistics) 4o—
a

NO MAJOR Re:onst:::ltizll I:'b-tag of “b jets” at MC level n ST T |
DIFFERENCE [ |a s N

fastMC

Increase in o,
very small,

Forward — Backward Asymmetry of reconstructed bbar

2 O B expect =5%
5 56— L
2 saf
522_ 1020:_ D|1 III:||2I DI3 HID|4IIlhléllblﬁlllblTH” 0.9
sof ' 4o et Comparable,
asf- .o . 1
b Better statistics with ~ SOIC 1SSUCS
uf « PFA, no difference in fron; fYOg,
af- . need finder
gobt ot mlStag
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
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L ranlictin tranl in~
T 1TdAdllollu LU abl\llly

* Step two move to realistic tracking

» Again test performance (here statistics very very low statistics)
* At first glance... Reconstruction b-tag of “b jets” at Mcm

Mean 0.7393
RMS 0.3561

10°

fastMC

PFA + realistic tracking

NO SURPRISE

REPEAT WITH o
MORE STATISTICS
AND NEW ALGORITHM

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 b-tag

o

 Additionally algorithm improved substantially since plot...
e Test show: no major difference in results expected from full reconstruction
* Moving very quickly to full reconstruction and to higher statistics!
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* Outlined reconstruction framework and analysis.

* First results for top mass (including sanity check), b quark forward backward
asymmetry in ttbar events and t quark asymmetry

* First results with full PFA and with realistic tracking
* Analysis platform almost ready bits to tweak and optimize

FUTURE PLANS

* Move to full reconstruction

 Higher statistics

* Look at total cross-section measurement
* Optimize

Thanks to: Matt, Ron, Richard, Norman, Tim and Andrei
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