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® top mass determination in tt decays

® di-leptonic (Daiske.Tornier@Physik.RWTH-Aachen.DE)

® semi-leptonic (Stefan.Kasselmann@Physik.RWTH-Aachen.DE)

® fully hadronic (Markus.Duda@Physik.RWTH-Aachen.DE)

® W-helicity in tt decays (Andreas.Tigges@Physik.RWTH-Aachen.DE)

® spin correlations in tt decays (Martina.Davids@Physik. RWTH-Aachen.DE)

o tty events (Thomas.Hermanns@Physik.RWTH-Aachen.DE)
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® very clean final state signature with two isolated S e——
opposite-sign leptons and two b-jets b w*
® two neutrinos prevent direct reconstruction ol T
.
® event kinematic still has large sensitivity to m i |
100; I I ]
® selection -
60— -
® single and di-lepton trigger - E
G s 100 150 200 280 30¢
: : _ci invariant mass [GeV/c?]
® two ISOIat,ed Opposite-sign tt dilepton | other tt | Z-+jets | diboson | S/B
leptons with pt > 20 GeV/c [pb] pb] pb] [pb]
before selection 54.22 433.78 | 11055.30 19.73 0.005
) for t™Wo same_ﬂavour Ieptons L1 45.06 302.34 2967.13 9.64 0.014
> ” HLT 36.41 | 184.43 | 2007.67 | 6.9 | 0.017
rémove £ mass pea 2 isolated leptons | 9.60 122 | 4833 | 0240 | 0.182
2 b-jets 5.30 3.13 255 | 0.031 | 0.928
® two b-jets with pt > 30 GeV/c lepton inv. mass 4.46 2.88 0.55 0.014 | 1.292
lep@on pt cut 3.07 0.62 0.34 0.013 3.151
Emiss cut 2.30 0.43 0.05 | 0.011 | 4.748
e MET > 40 GeV 4 high pp jet cut | 1.85 0.21 0.03 | 0.008 7339
kinematical reco. 0.66 0.05 0.002 0.008 12.167
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® event kinematic underconstrained due to two undetected v

0 = pb +p +p5+ph+pL 4l S0 [
+ — T U 7 g B .Signal
0 = py, +p, +p,+p,+p)+p) 2 =
5 8or ,
m%}‘/—i— — (El+ _|_ EV)2 . Z(pi+ _|_pzl/)2 * 60:_ -ttbarnondilepton_
my— = (E' +E")? =) (. +p})’ ol
-~ y - y I
m; = (E' +E"+E"? _Z(Pg +p} +p})? 20
m? = (B +E"+E)? =Y () +pl +p)° :
t { { { 'POO 120 140 160 180 200 220 240 260 280
i top mass [GeV/c?]
® written as a 4™ order polynomial with m as parameter
4 —
0= Zci(Mtapli7pb7pb)(p;)z
1=0

® use SM neutrino spectrum for (p?)

® step through 100 GeV/c? < m¢ < 300 GeV/c? and
weight kinematic solutions including four-fold ambiguity
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N§ pO 5.715 + 2.549
) i
% 176 p1  0.9499=x 0.01458 g 2
5 8 B Amy| GeV /c?]
L 8mer } IS/FS Radiation 0.3
g2 !
23 [ R Jet Energy Scale 2.9
éo § : Total Systematical Uncertainty 2.9
170" i Statistical Uncertainty (1 fb™ ') 1.5
ea L _ Statistical Uncertainty (10 fb™") 0.5
| | | | | | | | | | | | | | | | | | | | | | |

170 172 174 176 178 180
generator top mass [GeV/c?]

for |/fb already systematics dominated
Am¢ =  |.5 (stat.) £ 2.9 (syst.) GeV/c?
improves with 10/fb of well-understood data to

Am. = £ 0.5 (stat.) £ I.] (syst.) GeV/c?
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Semi-Leptonic

isolated lepton, MET, two b-jets, two light quark jets
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W b
. N ] . ] s t t
® analysis scenario "First Physics Run —e—<
b w- s
® no ECAL endcaps, no Et, no b-tagging
® selection
e full LI and HLT trigger
® exactly one isolated electron or muon with pt > 10 GeV/c
® 4 or 5 jets with pt > 30 GeV/c, three of them with pt > 40 GeV/c
° C|rcular|ty > 0.3
‘g _I S o gléléna; (e/u) - I_ Dataset Preselected | One lepton| Jetpt | Circularity | 5 jets eff. (%)
g) ] E?—Llj_eptonic Signal:
()] I Fully Hadronic Semilept. (e/p) 5.972 5.460 4.355 2.638 1.845 30,89
H- 3 [ Di-Boson |
10 [ Z+jets .
B W-jets 1 (Background:
—Jelel - Semilept. (tau) 377 342 267 141 08| 2597
- dileptonic 1.718 1.095 679 419 263] 17,00
] fully hadronic 20 15 15 7 3 15,31
] W+ jets 7.664 5783 2.687 1.239 758] 9,89
Z+jets 3.421 1,642 649 317 201 5,88
QcD 13.416 9502  4.174 156 41 0,30
102 F .;— Di-Boson 524 399 174 72 42| 802
00 0.1 02 03 04 05 06 07 0.8 09 S/B 0,22 0,29 0,50 1,12 1,31
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Ql S B I I L B UL I I I 5
g 160 (@ signal (e/) -
R , - 140f |HHTau -
® use likelihood ratio for top quark £ | [EDiLeptonic ]
. . . . 3 120 |2 Di-Boson .
reconstruction with the input variables & [ [@Zsets :
+ - [ W+jets ]
o : go— IMQCD .
® two ]et Invariant mass -
60—
® two jet angle sum e
® three jet angle sum 208 LIS
el EOWCREEG S
® two jet prsum 8.0 0.1 02 0.3 04 05 06 0.7 0.8 09 1.0
® angle between top and antitop = S B3 Signal (/) |
O) 60:_ [ JTau B
® angle between lepton and jet © - [ Di-Leptonic |3
?) 50 E gi-_Bf[)son —
. . . . Ve u +]els ]
® max. likelihood ratio > 0.9 yields S/B = 2.9 s , B Weets |-
o - ]
. . . . + - ]
® but still high combinatorical background J0F :
20 =
® jet pairing purity about 30%, limited by the of E
statistics of the "First Physics Run" - ]
% 50 100 150 200 250 300 350 400

top mass (GeV/c?)
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conservative

Am¢ = * 0.2 (stat.)

+ 1.9 (syst.) GeV/c?

long term

e pileup —1/6
e b-jet energy scale 2%—1.5%
e b-tagging 5%—2%

Am¢ = *+ 0.2 (stat.)

+ |.] (syst.) GeV/c?

Semi-Leptonic

RWTH
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Gaussian Fit

Standard Selection

Gaussian Ideogram

Full Scan Ideogram

Amt Amt Amt
(GeV/c?) (GeV/c?) (GeV/c?)
Pile-Up 1.9 1.4 1.2
Underlying Event 1.0 0.7 0.5
Jet Energy Scale (light) 2.4 0.1 0.1
Jet Energy Scale (heavy) 1.4 1.3 1.2
Radiation (pQCD) 0.8 0.3 0.2
Fragmentation 0.4 0.4 0.3
b-tagging 2.0 0.5 0.3
Background (x) 0.4 0.4 0.4
Parton Density Functions 0.1 0.1 0.1
Total Systematical uncertainty 4.9 2.3 1.9
Statistical Uncertainty (10fb—1) 0.32 0.36 0.21
Total Uncertainty 4.9 2.3 1.9
Standard Selection
Gaussian Fit | Gaussian Ideogram | Full Scan Ideogram
Amy Amy Amy
(GeV/c?) (GeV/c?) (GeV/c?)

Pile-Up 0.32 0.23 0.21
Underlying Event 0.50 0.35 0.25
Jet Energy Scale (light) 1.80 0.15 0.06
Jet Energy Scale (heavy) 1.05 0.98 0.90
Radiation (pQCD) 0.80 0.27 0.22
Fragmentation 0.40 0.40 0.30
b-tagging 0.80 0.20 0.18
Background 0.30 0.25 0.25
Parton Density Functions 0.12 0.10 0.08
Total Systematical uncertainty 3.21 1.27 1.13
Statistical Uncertainty (10fb—1) 0.32 0.36 0.21
Total Uncertainty 3.23 1.32 1.15
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W+ b
\\ t o t ‘\
« . . . . b w-?
® six-jets topology, two b-jets, four light quark jets
® kinematics fully reconstructable e A
0.06 — — .
® Jlarge background from QCD multi-jet 005 s |
0.04- ok, . 3
. 0.03/- E
® selection o
0.01f ]
® specific multi-jet trigger with online b-tagging 40505 04050607 0509
centrality
® eventshape variables Selection | Requirement oe |[pb] | oeqep [pb] | S/B
Before Selection (PYTHIA LO) 225 25M 1/10°
. . Trigger HLT multi-jet+b-jet 38 11600 1/300
¢ offline b-tagging Event 6 < Niet < 8 35 7900 1/225
Et > 30GeV 15 930 1/60
aplanarity > 0.024 9.0 251 1/28
S, Bp > 148 GeV 9.0 229 1/25
b-tagging | 1 b-tag 8.6 148 1/17
2 b-tag 6.0 54 1/9
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QCD Background

put jet and eventshape variables in NN

9ooF T T T T T I T ##4 Background
800 training _
?002— _i
600~ E
500 E
4002— _z
3002— _i
200 =
100; _i
0 0 0.2 0.4 0.6 0.8 1
NN output cut
F T "7 QCD
- —— 1t fully hadronic
— [ ]
0 : i
o : .
=10 & i o
S T T
-0.2 0 02 04 06 08 1

NN output cut

improve S/B from 1/25 to 1/10 for same € ~ 4%
and from /9 to |/3 with 2 b-tags
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Combinatorial Background

XK XK
X X

leellhood Palrlng Function

norm / 0.01
g 3

-y
Q
W

10_4 :\ Ll L1l | L1l L1l L1l L1l L1l L1l ‘ L1l ‘ L1l \:
0 0.10.20.30.405060.70809 1
likelihood output

® average of the two W-boson masses

® difference of the two W-boson masses

® sum of the inter-jet angles of the W-boson candidates
® difference of the two top-quark masses

® sum of the inter-jet angles of the top-quark candidates

® angle between the direction of the two top-quark candidates
jet pairing efficiency of ~ 68%
10



Fully Hadronic

- 180t

tt — had. sig.

tt — had. bkg.

0 5
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| ]
O 100 150 200 250 300 350

'Mean ! ' ' "' T T179.470
RMS 32.8 [
Integral 2200 H
Constant  198.5+6.7
M, 175+ 0.6 1
T 18.24 + 0.68 |

M. [GeV/cT]

180

178

M, [G eV_/ch]

—

~
(9))
T T T

~
TN
T T T T

72

170

bias 174.8 = 0.3291

slope 0.82 + 0.08061

Amy| GeV /c?]
Pile Up 0.4
Underlying Event 0.6
PDF 1.4
IS/FS Radiation 2.3
Fragmentation 0.9
Jet Energy Scale 2.3
b-Tagging 0.3
Background 2.0

2 4 6
- 175 [GeV/c?]

systematic uncertainties

S/B ~ 2/3, although not enough simulated QCD
events (yet) to determine background shape

for |/fb already systematics dominated

Am¢ = 0.6 (stat.) 4.2 (syst.) GeV/c?



VV-Helicity

t quark rest frame
- y
Py A
XI
. >
P,
D oDy
k ®
cost = J W
o |

h=-1 h=0 h=+1
+ +
who W . W .
== p, {} > Pz e
v, b7 v, K7 v, b7 v, b7
S,: (T (o) - )
LH RH R;H LH | Lt L’H Lt RH RH LH
N \ VAR dA"
e R Lt
b \

LH LH | LH LH Lt LH | Lt LH LH LH |RH LH RH LH
X \' X \'4 \'4 X 4 X
Spinerh. konsist. | Spinerh. konsist. konsist. Impuls-| konsist. Impuls-

imW-RF mitSM ([im W-RF | mit SM mit SM erh. mit SM erh.
verletzt verletzt verletzt verletzt
|2
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distribution of the lepton helicity angle in the SM

1 dN 3 1 3 2
/ sin? §f  with f = T
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NdcosfF 81+ f 41+ f 2ms,;
W( cos(theta) )
2 R, Py [ o A
"h,,=-1,0 (LH,Lt,RH) oz —
0 9*(1—x)**2+O.7*2*(1—x**2)+8:81 §1I§§§ S
L T s N - F(hW — —1) O 3
Ftot |
h,=0 (Lt)
o Hhw =00 7
D N7 N _ Itot
_ L'(hw = +1
h,=-1(LH) Uw =41 o1
s/ NN\ Lot
o Obere Grenze fﬁr SM-Zerfalle
| h,=+1 (RH) |
[Grote, Korner, Mauser]
. e — ——
1 0.5 0 0.5 1
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t quark rest frame tt pair rest frame quark rest frame
y/ B B y y//
A pl; P, A A
Py
¢ x' X \ X!
A - > 7 <1 - > 7"
tt \ P
p]’+ -, 5/_:
Py '
%k pl/+ g pt % p],_/ g
COS O+ = —— Cos O = —
L pallp o pp
P+ Py P

® top quark decays before hadronisation due to its short lifetime

® angular distribution of t€ decay products contains information
about the spin correlation of tt and SM couplings

® SM theoretical calculations predict an asymmetry coefficient A

® A, =0431 A N(thL T tRER) — N(tLt_R il tREL)

o Ay =-0.469 N(tptr +trtr) + N(tptr + trtr)
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® extract the asymmetry coefficient A from double P
differential angular distributions

1 d*N 1
= —(1 — Acos 6] cos b5
N dcos 67dcos 03 4( cos b cos b3

® di-leptonic

® theoretical: leptons have best spin-analyser quality
® experimental: leptons are easiest and best reconstructed

® but the tt system is difficult to reconstruct due to the
neutrinos, even with top mass constraint

® semi-leptonic (CMS-Note 2006/1 1 1)

® only one spin-analyser is leptonic

e tf system is easy to reconstruct

® selection described in the note yields € ~ 5% and S/B=4.5

e A=0.375%0.027(stat.) £ 0.096(syst.)
LHC-D Top-Physics Workshop, Bad Honnef, 2007 |5
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3 classes of diagrams for the hard process,
with the first two signal for top-QED-coupling studies

while TopReX implements these diagrams
no distinction between photon radiation off initial quarks
and top quarks in qq' annihilation processes

go back to PYTHIA+PHOTOS to develop generator level cuts for
hard photon radiation off top quarks

LHC-D Top-Physics Workshop, Bad Honnef, 2007 |6
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® use preselection of semi-leptonic top mass analysis [ AR Distance between . and (gg Fusion) ]

Meanx 0.1129
Meany 1.888
RMSx 0.2638
RMS vy 1.264

® use cuts on photon properties

® E,>30.0 GeV

® |ny<25

Ll I Ll I L1l | Ll I Ll I L L1l | Ll | Ll Ll | Ll il
2 25 . 3 3.5 4 4.5 5
BR(y 1)

® AR>0.5 between photon and charged particles
(b-quarks, WV, decay products of W)

AR Distance betweeny and I" after cuts (gg Fusion) Entms - 59
Number of photons ... 4:— g%:x; 0;5%
... radiated off preselection Ey ny cuts dR cuts 3:: y o851
t/thar 716 (0.8%) 179 (4.9%) 129 (48.5%) |~ o=
b/bbar 1,658 (1.8%) 251 (6.9%) 53(19.9%) |£°°
W+ /W- 0 0 0 1sE
charged lepton | 83,861 (93.2%) | 2,718 (75.0% | 63 (23.7%) | o5t -
quarks fromW | 3,737 (4.2%) 473 (13.1%) 21 (7.9%) LI B R e B
total number 89,972 (100%) 3,621 (100%) 266 (100%)

LHC-D Top-Physics Workshop, Bad Honnef, 2007 |7



® adapt source code to (new) CMS-software framework
® implement tt-selection (lepton+jets) from mass determination

® add photon selection according to generator studies

® add kinematic constraints including photon-momentum to selection
® check if generator results also apply for detector-simulated events

® reanalysis of a tty dataset with modified top-QED-couplings

® try to distinguish between scenarios

® distribution-generator for modified top-QED-couplings exists
(Baur), but no event-generator

LHC-D Top-Physics Workshop, Bad Honnef, 2007
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® isolated lepton, MET, two b-jets, two light quark jets

W b
. S ¢ t
® selection —<
b w- S
® single-muon trigger
. . o 1
® isolated muon with pt > 20 GeV/c 5
e four non-overlapping jets with Er > 30 GeV, 08
two b-tagged, two anti-b-tagged i +
e probability of kinematic fit (Mw constraint) P, > 0.2
® I|ke||h00d I”atIO Lsignal — Psign > 0.8
® p1 of muon candidate
® pt1 of second muon candidate T
Iog( Lcomb)
® min Er among four leading jets signal | other &7 | W44} | Wbb+2j | Wbb+3j | S/B

. . LI+HLT Trigger | 62.2% | 5.30% | 24.1% | 8.35% | 8.29% | 0.74
o : — >
likelihood ratio Lcombined = Peomb > 0.5 | jets Er >30GeV | 25.4% | 1.01% | 4.1% | 1.48% | 3.37% | 1.69

lepton
o /(b-jet, muon) pr" >20GeV/e | 24.8% | 0.97% | 3.9% | 1.41% | 3.14% | 1.72

b-tag criteria 55% | 0.21% | 0.052% | 0.47% 0.70% | 3.73
, No jet overlap 3.0% | 0.11% | 0.027% | 0.25% | 0.44% | 3.87
) -

£ (b-jet, W) P -cut 20% 1.4% | 0.039% | 0.0007 | 0.061 0.07 53
, : Peion-cut 80% 1.2% | 0.025% | 0.0085 | 0.052 0.05 6.8

o sign
combined electric charge P o-cut 50% 0.7% | 0.013% | 0.0036 | 0.013 0. 8.9
Scaled £ =1fb " 588 64 6 2 0 8.2

® pt hadronic top

LHC-D Top-Physics Workshop, Bad Honnef, 2007 6
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Semi-Leptonic

% 120:— L=1fb" [_]signal . o e
. . . f>_’ - [] other Ttbar et al rl n
distribution of the mass of the = = g % PAITING

hadronic decaying top quark for ® ifféczlf/ncy
the selected events after applying °
the kinematic fit imposing 0

Mw constraints 20

300 350
mft (GeV)

top

different mass estimators

L = _
?SO 100 150 200 250

166 168 170 172 174 176 178 180 182 184

generated Top Mass (GeV/cz)

Gaussian Fit | Gaussian Ideogram | Full Scan Ideogram
Bias (GeV/c?) -0.8440.59 -4.35+0.54 -2.5840.31
Pull 0.82 1.01 1.01
Expected uncertainty for 1fb=1 (GeV/c?) 1.01 1.14 0.66
Expected uncertainty for 10fb—! (GeV/c?) 0.32 0.36 0.21
x2 / ndf 0.627 /-2 x2 / ndf 0.3638/-2 x2/ndf 0.002345/-2
p0 2431+ 31.6 p0 -6.113 + 27.23 p0 -3.646 + 22.58
“E 1841 p1 0.855 + 0.1816 “5 184L p1 1.011+ 0.1559 “E 1841 p1 1.006 = 0.1292
12 T 182 T 182
s ™ s ™ s
o 180F w 180F w 180
[72] L [72] L (1) C
S 178 S 178 S 178
g 176} g 176} g 176
- E - E - E
T 174 ie] 174 ko] 1741—
o - o - o -
S 2 S 2 S
® 170F ® 170F ® 170
c C c C c C
S 1esf S 1esf S 1esF-
g c g c 2 c
166 166 166]
Lo b b b b b b b o | C Lo b b b b n b |l Col ol b b b b |

llllllll 11l
166 168 170 1

72 174 176 178 180 182 184

generated Top Mass (GeV/cz)
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