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The top quark is special:

e Most massive elementary particle known to date. Special role in
many theories beyond the Standard Model.

e Short-lived, so decays before hadronizing. Possible to study the
properties of a bare quark.

~2.3MeV ~48MeV ~95MeV ~1.3GeV ~ 4.2 GeV ~ 173 GeV

ite@

e Precision tests of perturbative QCD.

e Possible window o new physics.

e Main background in many BSM searches.
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Top Quark Production
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e [Op pair production (through strong interaction):
t

t 9vuooor ¢

9 2 :
"
i { ovwooo——f 3

g ™
~ 85% at LHC ~ 85% at Tevatron
~ 7/ pb @ Tevatron, ~ 170 pb @ LHC 7TeV.
e Single top production (through electroweak interaction):
w

q' q
q t
+
- w
b t
q' b
g b

t-channel s-channel

2 pb @ Tevatron 1 pb @ Tevatron
65pb @ LHC 7TeV 5 pb @ LHC 7TeV

b w b
H t
t
g g t

Wit-channel
0.3 pb @ Tevatron
16 pb @ LHC 7TeV
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Top Quark Decay

Top Pair Decay Channels

+ .
l q |8 % @ alljets
’ oL 46%
+ _ 513
w v, G )
{ ’ 3 | &|°
. "o | .\e tau+jets .
dilepton - é\o muon-+jets lepton+jets
b (€ =e w7 S  electron+jets (& =e
6% ® ’ 34%
\:Q)c@ e'|ut|  ud cS

e The top quark decays almost o Allets
exclusively to a W boson and |
a b quark.

Largest BR but also
large backgrounds.

e Lepfon+jets: Large BR and

e The W boson in turn decays manageable backgrounds.

hadronically (BR ~ 70%) or

leptonically (BR ~ 30%), e Dilepton: Small BR and small

backgrounds.
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Top Pair Production Cross Section

1.96 TeV results:
Tevatron Run Il Preliminary “=preliminary
CDF dileptons * [ | 7.47+£050+£0.70pb 88fb™"
CDF ANN l+jets H=e—  7.82:+0.38+0.40pb 461"
CDF SVX I+jets = — 7.32+0.36+£0.61pb 4.6
CDF all-jets ~ |jr@mjeme  7.21+0.50+1.08 pb 297"
CDF combined * oo 7.71+0.31£0.40pb upto8.8fh |
D@ dilepton | | 7.36 £ 0.85 pb 5.4fb*
D@ l+jets =] 7,90 0.74 pb 56fb*
D@ combined —toi—i 7.56+0.20+0.56 pb 567"
Tevatron combined * [ o8 2 | 7.65+0.20+0.36 pb upto8.8fh |
° forlmt = 17|2.5 GeVI
6 7 8 9
pp - tt cross section (pb) at \s=1.96 TeV
H ' O,
Total uncertainty (Tevatron comb.): 5.4%

e Cross sections consistent

both with theory and
across channels™),

Systematics limited.

Generator modeling
uncertainties dominating.

Power to constrain theory.
(%) o,z now available at full NNLO (Czakon, Fiedler, Mitov arXiv:1303.6254)

Total uncertainty (CMS £4). 4.2%

7/ TeV results:
Preliminary LHC o, combination, \'s = 7 TeV - September 2012
L =0.7fbt-1.1f0?
HATHOR theory prediction
ATLAS di-lepton (ee, ey, pp) . 173+ 6 + 16
ATLAS |+J€1S - 179+ 4+ 11
ATLAS alljets l: 167+ 18+ 78
ATLAS combined —o— 177+ 3 ° 1(1)
CI\/IS dl Iepton (ee, ey, pp) :. 170+ 4+ 18
ciis, “” b @i 149 + 24+ 28
CMS ‘ﬂEtS —.—t 164+ 3+ 14
CMS a” jes ——o— 136+ 20+ 41
CMS combined ——i 165.8+ 2.2 +13.2
LHC combined l-i-.—l 173.3+2.3+£9.8
. . for m=172.5 GeV _ . + (stat.) + (syst.)
50 100 150 200 250 300 350
O [pb]
. +5.1 .
CMS 2¢: 161.9 & 2.5(staf) "2 (syst) = 3.6(lumi) pb

8 TeV results:

Total uncertainty (CMS £4): 6.3%

ATLAS £+j: 232 + 2(stat) + 31(syst) £ 9(lumi) plo
CMS ¢¢: 227 + 3(stat) 4+ 10(syst) £ 10(lumi) pb
CMS £+j: 228 + 9(stat) T22 (syst) & 10(lumi) pb
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e Strong Coupling Constant and Top Quark Pole Mass

pole

e Cross section dependence on a; and mp”" is used o constrain the

sfrong coupling constant and/or the fop quark pole mass.
e Pole mass determination complementary to direct top mass

measurements (different systematics and Theoreﬂcclly well defined).

ts ?Te‘u’ mﬁ" _173;zGev {s =7 TeV;o(m } 0.1184
D [ T T T T I T T T I :l T T I T T T ] E‘h :.'l T T T | % ' é T T T T : L] T T T | T T T ]
1 = | 3 4

= [ —— CMS,L=23fb N o = | = —— CMS,L=23fb .

2201~ _ 4. Top++ 2.0, ABM11 . 220N E | = Top++ 2.0, ABM11 ]

o B pP++ _ D':ld [ -,‘.._.___. E | = == lop++ 2.0, n

- - @- Top++2.0,CT10 ] (.. E | =& - Top++20,CTi0 ]

200 .9 Top++ 2.0, HERAPDF1.5 : e 2001, NS, = | = Top++ 2.0, HERAPDF1.5 —

- @ Top++ 2.0, MSTW2008 : N,_....---;".",‘._._-_:;fft e % = wooeeee Top++ 2.0, MSTW2008

180| == Top++ 2.0, NNPDF2.3 | jefoiii== = 180~ .= Top++ 2.0, NNPDF2.3  —

L — 160::\ -

jqofemmEmT T : - 140[- = = Z

................... @E o ] B = E.g = s

e - == ] . =ERE ]

120 - S 1P R - = T B .,
0.108 011 0112 0114 0116 0118 012 0122 165 170 175 180 185 190

og(m,) mP°*® (GeV)

pole —|—
CMS: m;~" = 176.77 GeV (NNLO, arXiv:1303.6254) &

CMS: as(myz) = 0. 1151+8 88§§ (if mP°"® fixed to measured top quark mass)
arXiv:1307.1907 (hep-ex)

DO: mP%® = 167.5152 GeV (approximate NNLO, Phys. Rev. D 80 (2009) 054009)

ATLAS: mp0|e = 166.47_?2 GeV (approximate NNLO, Phys. Rev. D 80 (2009) 054009)
Phys. Lett. B 703, 422 (2011), ATLAS-CONF-2011-054
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b Differential Cross Section

e ENnough data fto

- CMS Preliminary, 12.1 fo'at ys =8 TeV

z [ amas “data e 10RO
make a large 8 o fraccosw’  TTINOGCRN, g g ekriencomied ¢ Bu
. ' ° s L = 8E Lis MC@NLO
set of differential - - MCONLE 8|“g-'_ £ ----POWHEG -
I + o -,.,.,.,. —|o g ------ Approx. NNLOE
cross-section i i o
measurements. il i ag: E
s et | 3 E
e Vs. kinematics of £ b === T ] 1 E
_ > L e : _—
- tt system 8 31 0 17 3 %“50" 106 150 200 30 ':;agt 55
- top quark ‘ '
4x10° CMS Preliminary, 12.1 fo" at {5 = 8 TeV CMS Preliminary, 12.2 6" at /s = 8 TeV
-decay products T i dommes |« bma ] P R R
8 25# — MadGraph 7 8§ 8 g’ - Ma:daGraph ]
= “os MC@NLO - 5 0.5 ]
e Good agreement 8!;% ; powes | T® | e ]
with generators o i o E
tested. ol 1 :
e Most bins are 5 E =
. i ] N
systematics 0"30""50 80 100 120 140 160 180 200 PSPPSRI
|. ._I_ d pll' [GEV] mLead.b-det
imited.

Eur. Phys. J. C (2013) 73:2261, CMS-PAS-TOP-12-027, CMS-PAS-TOP-12-028
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ok Top Pair Product A t th Jet
KR op FalIr FroaucTtion In Associdarion wi e1s
Eur.Phys.J. C (2013) 72:2043 ATL-PHYS-PUB-2013-005
e Study additional CMS-PAS-TOP-12-041 ATLAS-CONF-2012-155
jeTS TO TeST QC D R i ICMS Prelliminary, :9'6 ft' atl 's= 8TeV Gap fraction vs. Qq for veto region: |y| < 0.8
8z ;DileptonCombinedFAESSOGEV § S N R
8 [ T ] r ]
and MC generators. = . v W E
- - MC@NLO+Herwig 3 = —s— ATLAS Data, EPJ C72 (2012) 2043
---- POWHEG+Pythia 0.9 — —— MC@NLO+Herwig, AUET2 —
' ' C —— POWHEG+PYTHIA, P2011C 7
o EX'I'e n S|Ve || S'I' Of 0.85 [  — sllpgeererwig, AUET2 -
C ——— oherpa 1.3.1 n
08 [ — Mad](D:rap}mPYTHlA, Z> é
quantifies probed. E
E | ‘ I — ‘ I ‘ | ‘ I — ‘ I — ‘ | E
07 ;\ T ‘ L ‘ L ‘ L ‘ L ‘ L ‘ :
] S S, 1.04 = |
— ISR/FSR variations B T St R = E
Q 1.5 E E Eu 1.0 E =
3 1 e——— ] gy E E
reduced. ¥l e B - ;
2 3 4 5 6 096 Bl [ R L I e
Jets 50 100 150 200 250 Q %(O;OV]
o [Ge'
o s Pr?“mm?m‘%fﬁw S CMS Preliminary, 19.6 fi'at Vs = 8 TeV e e
Es000[ Dilepton Combined = J— : | | E oo TTTTIITIITTIITTAT T T, T
Lq>lj . ] -Eﬁ £ Dilepton Combined Pfl> 100 GeV 1 gsi =
._.65000:— _: o 105 * hDﬂgtc?Graph+Pythia—; 0.96 ;7 ATLAS Data, EPJ .C72 (2012) 2043 é
B el : - MC@NLOwHerwigs oot =  POWHEGAPYTHIA, ProriC
_gmoo; ________ = i -+ POWHEG+Pythia - 092 £~ — Alpgen+Herwig, AUET2 E
r - e i E 3 0.9 — — —— Sherpa 1.3. —
=3000F ¢ Data - _ﬁﬁ_l—r ] 0_82 . L NadCraphsPYTHIA, Z2 E
i MadGraph+Pythia |y B i Bt E
2000/ * | - b E
: POWHEG+PYthIa : : E - | - ‘ (| ‘ |1 | - ‘ (- ‘ ! ‘ - | (I E
1000; ) _— 10.2 E_ """ -* """ _E 0'82 ; UL | L ‘ T ‘ L | UL ‘ UL ‘ LI ‘ L | L ;
o S MC@NLO+Herwig 7 F E o 02 E
L - . £ 1.01 e =
§ e iy S R 1] = ——
S ogf — E : E—— i 5 = 3
= 0.6E = 3 E e 0.97 Evo b b b b b b b 100 13
-2 15 -1 -05 0 05 1 15 2 osE . 3 4 = 20 40 60 8 100 120 140 160 180 200
1 additional jet Jets Qo [Gev]

SARA STRANDBERG, STOCKHOLM UNIVERSITY

P8

EPSHEP 2013, STOCKHOLM, JuLY 22, 2013



N
=&

N O
V\O\/

RS/
O30

NE
N
s

+

2

Top Pair Production in Association with 7. 1/ and ~

Phys. Rev. Lett. 110 (2013) 172002

Dilepton analysis ¢tV (V. =W, 2)
ATLAS-CONF-2012-126

Trilepton analysis ttZ

= at Vs = CMs L=50fb"at\s=7TeV -
" 22 CMS L=50"fb Iat s =7TeV o B | | ‘ N / cMS L= 50 at fs=7 TeV
= 1t oy
¢ 20- @ Data — E 7L @ Data 4 =208
w L " ] r T+ 5 iV (dilepton analysis) tiZ (trilepton analysis)
185 [ i+z - B tt+2Z S
15; e ] 6 gthw _ é | 043701 (stat) 0% (syst)pb  0.2870 ) (stat.) "D (syst.) pb
= — r Z+jets i
14:, 5 Non-prompt / MisID E 5i w2 E oga 0.6
B Charge MisID ] i S
12 wz = C [ Diboson i
- A o - ! 13.00
105 [ Rare sM - E 0.4
- I — 3.30
0.2+
[ NLO Calculations ——|
= Cambell and Ellis, JHEP 07 (2012) 052
L Garzell et al, JHEP 11(2012) 056

(ee)e  (eelu (e (i

]
c N LA LA L B B AL BN N AL < 7
2 50 IL dt = 1.04 fis* etjets - 7
> - ' —e— data - — background only
#* - ATLAS Preliminary 3 tty . .
40k 7 TeV = non-tt bkg —
e bkg tty u _ ]
C [ electron fakes 7 p-value = 0.71 %
. 301 I hadron fakes -] |
tty E 1 2.70 .
20 - i
. ILdt: 1.04fb™
ATLAS'CONF'20] -l '] 53 10 - ATLAS Preliminary
0 ol— ol S
0 2 4 6 8 10 12 14 16 18 20 0 50 100 150 200 250

cone20 [G ev]

o (p1 > 8 GeV) = 2.0 £ 0.5 (stat) £ 0.7 (syst) = 0.08 (lumi) pb
SM prediction = 2.1 £+ 0.4 pb (LO + LO—NLO k-factor)

number of observed events

SARA STRANDBERG, STOCKHOLM UNIVERSITY P9 EPSHEP 2013, STOCKHOLM, JuLY 22, 2013
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. Single Top Production

e Direct probe of Witb coupling and of 7 g tz
Vi, in CKM matrix. q g
e Challenging. mainly due to
the background from W +jets. - W,

e Need MVA fechnigues.

e s+ t-channel prOdUCTion gmuf_ COFRunil,L=221" (a) g""";— :31"5'“00 e =tT (b)
observed at CDF and DO in - i oo
2009, . E l

e t-channel observed both at ly TR o
Tevatron and LHC. M

e Evidence for s-channel &
production at DO.

e Observation of Wt-channel
production at CMS.

1-03-05-04-02 0 02 04 06 l]ll

(Evidence by both ATLAS and CMS 2012/2013. )

SARA STRANDBERG, STOCKHOLM UNIVERSITY P10 EPSHEP 2013, STOCKHOLM, JuLY 22, 2013
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t-channel Production
CMS-PAS-TOP-12-011 ATLAS-CONF-2012-056, ATLAS-CONF-2012-132
t-channel single top quark prnductlnn = T T T T T T T T T T T T T T T
= B e 2 ~ATLAS Preliminary an .
Qo ®  CMS preliminary, 5.0 fb' 8TeV _ 80 :l: 13 pb © t-channel single top top+antitop
b 5 ®  CMS 1.171.56 b 8TeV
10°F Y 00,541 3 (o =95+ 18 pb
- A CDF 75t 7
i i 107
10 e e NLO QCD (5 flavour scheme) E i antitop
- theory uncertainty (scale @ PDF) ]
I Campbel, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 | )
= L =Theory (approx. NNLO)
1s NLO+NNLL QCD ) 11.04 fotarXiv:1205.3130 A
E e theory uncertainty (scale ® PDF) ] $4.7 b ATLAS-CONF-2012-056
B | I I I rj(idanfakis, IF‘hl_.rs_lﬁe\.r.lii) B3 (2011) 091503 | y ! 58 fb-lATLAS-CONF-2012-l32 -
1 I 1 I 1 I 1 I 1 I 1
0 2 4 6 8 10 5 6 7 8 9 10 11 12 13 14
o NN
or = 3.07" 0.49 pb
¥ (d) DG 9.7 fb -1 2 6000 ATLAS PreIlmlnary j Ldt =58 b (s=8 TeV CMS Preliminary, 5.0 fo”, s = 8 TeV
o 60 e Data o 2 jets SR oyl wgofe T T T TN T T  edata
5 o :gb E =§}\}‘ﬁ’t§§;h§m‘gm 160 |- 3 Wrchannel
2 o Wets S W +light Jets - 140 - Os-channel
c Z+jets/Diboson > [ Z+jets, diboson E 3 [iw-channel
2 40 - = . co Tt 2o 1ms
. B Multijets wQ stat unc. | oo E S
o 80 E_ _E Pw+jets
D 20 = 4 Bpiboson
> w© 3 4 0aco
0 % .....A..'..A.....’..'.....‘..,......'...........'.......!..'...t 20 f_ —f
0.7 0.8 0.9 1 3 ; %:0 . 5
Ranked t-channel discriminant 0z 04 06 N?\isoutputl My, (GeV/eT
arXiv:1307.0731 (hep-ex)
submitted to Phys. Lett. B
SARA STRANDBERG, STOCKHOLM UNIVERSITY P11 EPSHEP 2013, STOCKHOLM, JuLy 22, 2013
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t-channel by Charge
e Rafio R; = o /oy Is sensifive to u/d content of proton.
u d
Z+
W+ ATLAS-CONF-2012-056
t V
b b CMS-PAS-TOP-12-038
g b
CMS Preliminary, 12.2 fo',\s = 8 TeV
I B SR B B BN B B B
LI BB L NN L NN LB N LN R LN NN LN N NI NN NN TTrr? gggg?gggrﬁ%io.ﬁ{slai)i0‘22{sysl)
ATLAS Preliminary [ L dt = 47fbl s=7Tev reom
ATLAS result
ABKMO09 —— .
NNPDF 2.1 —— Bl oo -
MSTW2008 P —— .MSTWOBNLOBDCLNF=4 i—
GJRO8 — . HERAPDF 1.5 NLO E-
CT10 (+ DO W asym.) f—e—md :

CT10 .NNPDF2.1NF=4 | =
........................................ PN PRI EPEFE PP B NI B PP B
1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 2 1 2 2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

R Ratio = o(t)/a(f)
7 TeV ‘ 8 TeV

R; = 1.81 £ 0.1(staf) £ 0.21(syst) R, = 1.76 + 0.14(stat) £ 0.21(syst)
e Both measurements agree with SM prediction.

SARA STRANDBERG, STOCKHOLM UNIVERSITY P12 EPSHEP 2013, STOCKHOLM, JuLY 22, 2013
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Evidence for s-channel Production

e First evidence of s-channel production by DO. &

e o(pp —>th+ X) = 1.107_L8:§? pb

T — I 1
— 3.70 significance. = 5[ D@ 39.7 1o
'E' - 1 SD
@)
50 = " 2 SD
T | (b) DB 9.7 g I 3 SD
o ® Data @ - =
o 40 th % L
B I m tgb- o 3~ o
hd m W+jets ) -
GCJ 30 Z+jets/Diboson P - Y
> =}\f/lulti'ets S L [ ) A @ Measurement
=) 20 ] 2r B s™m
o - {) Four generations
) i O Top-flavor
> 10 1 /A Top pion
B [] FCNC
O : _I | | 1 1 | 111 | | I | 111 1 | 1 1
07 08 09 1 O T T S S
Ranked s-channel discriminant tb cross section [pb]

arXiv:1307.0731 (hep-ex), submitted to Phys. Lett. B

SARA STRANDBERG, STOCKHOLM UNIVERSITY P13 EPSHEP 2013, STOCKHOLM, JuLY 22, 2013
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Observation of 11t Production

e First obbservation of Wt
production by CMS.

700 7]

- CMS Preliminary, /s = 8 Tev| * Data

e Evidence by ATLAS.

600—12.2 fb™' ep/pp/ee channels o ]
- 1j1t Bl 2/ +jets o 100__ ATLAS -e- Data ]
500 Other o i 77} JES uncertainty |
o, F o g go[ [ra-zosw’ =r .
£ 400 - - - Vs= 7 Tev COww/zz/wz .
5 - I e -
T 300 - L 60 Dilepton 1 jet M Fake dileptons  —
F E 40 .
100 — - i
= n 20__ ]
0 : ‘ . . - i
9015 i = = == ]
5”50_ 51% W»rywmmwwayw/ﬁf/é 0T~ %% 06 04 02 0 02 04
9z 02 01 0 01 02 03 BDT output
BDT Discriminant
£ 0=1234%%) pb o = 16.8 £ 2.9(stat) + 4.9(syst) pb
6.00 mgmﬂconce 3.30 significance
CMS-PAS-TOP-12-040 Phys. Lett. B 716, 142 (2012)
SARA STRANDBERG, STOCKHOLM UNIVERSITY P14 EPSHEP 2013, STOCKHOLM, JuLy 22, 2013
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Top Quar

k Mass

e Tevatron still provides the best mass
measurement, with an uncertainty of 0.5%.

e Best single LHC measurement (from CMS)
reaches 0.6%.

e Updated LHC mass combinatfion in progress.

— Harmonise systematic tfreatment e.g.
generator modeling.

CMS 2010, dilepton
JHEP 07 (2011) 049, L=36 pb”

CMS 2011, dilepton
EPJC 72 (2012) 2202, L=5.0 fb"

CMS 2011, lepton+jets

CMS 2011 all-jets
Submitted to EJPC, L=3.54 fb!

JHEP 12 (2012) 105, L=5.0 fo”! &
—I=C_=1—

175.50 + 4.60 + 4.52 GeV

(value + stat + syst)

172.50 £ 0.43)i 1.48 GeV

(value + stat + syst

17349+ 0.27)i 1.03 GeV

(value + stat + syst

173.49+0.69+ 1.21 GeV

(value + stat + syst)

CMS combination
Submitted to EJPC, up to L=5.0 fb™!

173.54 £ 0.33 + 0.96 GeV

(value + stat £ syst)

1 ‘ 1
165 170

185
m, [GeV]

1 ‘ 1
180

Mass of the Top Quark

March 2013

CDF-I dilepton

D@-1 dilepton
CDF-II dilepton
D@-I dilepton
CDF-I lepton+jets
D@-1 lepton+jets
CDF-Il lepton+jets

D@-Il lepton-+jets g

(* preliminary)
167.40+11.41 (210.30+ 4.90)
168.40 +12.82 (+12.30+ 3.60)
170.56 £3.79 (+2.19+3.09)

174.00+2.76 (22.36+ 1.44)

T TR—

176.10+7.36 (£5.10+5.30)

— e

180.10+5.31 (+3.90+ 3.60)

172.85+1.11 (£0.52+ 0.98)

174.94+1.49 (20.83%1.24)

CDF-l alljets

CDF-Il alljets

CDF-Il track

—

CDF-Il MET+Jets *

Tevatron combination *  "®'

arXiv:1305.3929 |(hep-ex)

186.00+11.51 (£10.00+ 5.70)
172.47 £2.07 (+1.43+ 1.49)
166.90£9.46 (+9.00+ 2.90)
173.95+1.85 (+1.35+1.26)
173.20+0.87 (£0.51£0.71)
(+stat + sysl)

¥/dof = 8.5/11 (67%)

150 160 170 180
My, (GeV/c?)

190 200

ATLAS m,,,

ATLAS 2011, all jets*
CONF-2012-030, L =205fb*

ATLAS 2011, I+jets* &
CONF-2013-046, le =471

ATLAS 2011, dilepton, m* &

- -

summary - July 2013, L =2.05 fo™*- 4.7 fb™* (*Preliminary)

172.31+0.23+£0.27 £ 0.67+ 1.35

o 173.09 + 0.64 +1.50
CONF-2013-077, L =4.7fb
+ stat. + syst.
CMS Average September 2012 -
173.36 £0.38,, £0.91 o stat. uncertainty .
stat SFUsyst stat. 0 JSF [ bJSF uncertainty
= total uncertainty
Tevatron Average May 2013 O
17320 £ 051, +0.71,
ATLAS Preliminary
| | | | | | | | |
155 160 165 170 175 180 185 190 195
My, [GeV]
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New 3D Fit by ATLAS
< 3
ke ew it by
> F T .\‘ T T B >0.045:_“|““\““““\““‘\.““1 — OOS_‘I‘“‘\‘.“.‘\““\““\““_
e F ATLAS Preliminary — 167, E 3 ;|:|Jsp=ogs ATLAS Preliminary 3 e "I ATLAS Preliminary _ 4
% 0-03; Simulation, ys= 7 TeV Dm'“’ 1675 Gev ] % 0.04¢ o Simulation, Vs= 7 TeV— 2 [ Simulation, Vs=7 TeV DbJSF 098 1
g 0025: m,, =172.5 GeV B g 0.035?DJSF=105 ] 3 % 0045 e bJSF =1.00 -
3 E |:| Mygp = 177.5 GeV ] 3 0.03E . 3 r |:| bJSF = 1.05
° — ° E /l r
g % E S 0.025F { 3 0o
IS L ] © = £ r
E 0.015F = 1S 0.02F 5] C ]
9 F 9 9 E < 0.02- 4
0.017 - 0.015E F
0.01F [ g
£ ] = 0.01—
0-005¢ ] 0.005§
G: 1 I I i G:.‘ll,Hl..ut....i.”.x.‘.‘“ oty 5 0
140 160 180 200 220 60 70 80 90 100 110 0.5 1 15 2 2.5 3
Mip” [GeV] mi*° [GeV] Riy"
i reco reco d reco
e 3D fit fo m{5:, and Rjg<e. S —
b 8 ATLAS Preliminary Vs=7 TeV data
ta g .
RI’GCO, 1b p-l- & s 500 J‘ Ldt=4.7 b A Best Fit background _|
— c . .
Ib Wiet1 Wiet2 9 % Best Fit
(pT +pT ) / 400~ Mygp = 172.31£ 0.75 1, ssrupise GeV
b JSF =1.014 £ 0.003 _,
RI’GCO 2 bhad +pT|ep 300 bJSF = 1.006 + 0.008 _,
) -
Ib VVJetl + Jet2 200
T
1 1 1 100
e INn-situ calibration of JES and bJES. T

e Systematic uncertainties reduced by
40% w.r.T. previous measurement.

30 140 150 160 170

180 190 200 210 220
ECO [G eV]

Miop = 172.31 & 0.23(stat) & 0.27(JSF) & 0.67(bJSF) + 1.35(syst) GeV

L
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New Lifetime-Based Measurement by CMS

b
e Lifetime-based fechnigque, using
|
% Loy =nwBpT = 0.4- L 5pTH.
Ly oo e First used at CDFE
e Phys. Rev. D75, 071102 (2007)
e Se2
v ' e Linear mass dependence,
CMS Prelimi
g AL,,/GeV = 25 — 30um
=>"F cMms Simulation .
S0zl — Swchannel e Complementary systematics to
—s— pntjets-channel .
op  etietschannel fraditional measurements,
o e.g. minimal dependence on
- jet energy scale.
0.66] e INn each event, select secondary
064f vertex with largest L,,,.
T KL R 2103 e Median, L,,. is used fo exfract myep.

Myop [GEV]

Mo = 173.5 4 1.5(stat) & 1.3(syst) = 2.6(pr (1) GoV T
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Further Mass Measurements
e Differential mass measurements, to probe e.g. color

mzD - <rn|2D> [GeV]

data - MG Z2 [GeV]

reconnections and initial/final state radiation.

CMS prehmmary \s =7TeV, Iepton jets

= D ta{SOfb') -
—— MG, PythiaZ2
- MG, Pythia P11 ]

- - MG, Pythia P11noCR+

I --- MC@NLO, Herwig |
C i 5|
i b -
e  APemt o
- f ?
= \ ! Ll 31yl

2 3 4 5 6

AR

thD - <rn|2D> [GeV]

data - MG Z2 [GeV]

CMS preliminary, \s =7 TeV, lepton+jets
T

AL L B I L L B

e Data (5.0 b ]
—— MG, Pythia Z2 ]
— - Powheg, Pythia Z2 ]
--- MC@NLO, Herwig |

N RN BT T I T I
2040 60 80 100 120 140 160

Pra [GeV]

m?° - <m2Ps [GeV]

data - MG Z2 [GeV]

CMS prehmmary \s 7Tev Iepton+|ets

15j

L MG 50 beZ

—mee MG Py‘lh a P11 .
Ssiie MG Pythia P11noCR|

- Powheg, Pythia Z2 _|
--- MC®@NLO, Herwig |

Top-antitop mass difference, to test CPT theorem:

[ i

-+
NI IR NS SR
100 150 200 250
Tbhd[Ge]

CMS-PAS-TOP-12-029

Amy = —272 + 196(stat) £ 122 (syst) MeV

CMS-PAS-TOP-12-031
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Top Forward-Backward and Charge Asymmetries

e New physics in fop sector can alter angular distributions.

e Study forward-backward and charge asymmetries.
_ N(Ay>0)—- N(Ay <0)

tt

FB ™ N(Ay > 0)+ N(Ay < 0)
with Ay = yr — yz

i _ N(Alyl > 0) — N(Aly| <0)

Tevatron A

top
anti-top

LHC

A top

anti-top

with Aly| = |y¢| — [zl
" B — —
o) - —— CDF Data, 9.4 fb' c 7CMS-1 h . Data ] <o T N R
S 25F A,=0.164+0.047 14 15000 -0 b at Ns =7 TeV W A 0.2 —+— Unfolded ATLAS Preliminary —|
S | — ti Prediction o - Ag e = 0.003 + 0.004 . i L NN sm (5= 7 Tev ]
-g 2 Ag=0.066+0.020 L l+jets [single top | [ A¥igluon m=300 GeV ]
3t | } B [ Wsiets 0.15 MY Axigluon m=7000 GeV J' Ldt= 47 ot —
SE lj: 10000 Wz+iets ] oab- E
1 n Omuttijet )
- i 0.05]— -
os5s- — 0 SR ek
- 5000~ — o T 3
S 02 . —t— | r r 1
= of e I i -0.05] -
ey — = 05 ]
2-04 —_+__+_ - c ]
0-0.6— | | | | | | | 0 -0 ol b b b b b b L
B S - E— —y -4 4 b 100 200 300 400 500 600 700 800 800

Alyl

Phys. Lett. B 717, 129 (2012)

0.5 1 1.5
Parton-Level Ay

Phys. Rev. D 87 092002 (2013)

m; [GeV]

ATLAS-CONF-2013-078

e Tevatron A%, measurements in tension with SM at ~ 2.50.
o LHC A% measurements consistent with SM.
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e Lepton Forward-Backward Asymmetry

e A% measurement requires full reconstruction of t£ system.

e Alternafive method based ony of ;| — rowhes + rjetsbata — Fit 4y,
\ Uncertainties: [] *1lo(stat. +sys.) B +1o(stat.)
lepton from leptonic W decay. o cOF R Pratary =57
¢ N(geye > 0) — N(qeye <0) '
AFB - 5w O1f
N(qeye > 0) + N(qeye < 0) £

0.0p=="=

o AL, ~0.5-Al if no t polarization.

e Can also use events with jets out | CDF Note 10975
of acceptance (3-jet bin). R T

COF: Ay = 0,094, 0 o e Lt s
CoAl +0.011 s, 1l Production Level

DO: A% g = 0.047 £ 0.023(stat) " 514 (syst) N d

e CDF result approximately 20 “alets, 1b @b
above SM prediction. & ~4't5, 22D tags

e DO measurement consistent with e o
SM (and CDF) within errors. R R

0
DO note 6394-CONF

SARA STRANDBERG, STOCKHOLM UNIVERSITY P 20 EPSHEP 2013, STOCKHOLM, JuLy 22, 2013



e Spins of top and anti-top are correlated in SM.,

e Short top quark lifetime (~ 5 x 1072° s) means spin information is
carried on fo decay products.

) F
% 900F « data
- LItt (SM)

>
LW 800F L_,tt (uncorrelated)

- lsingle top
700 Zly*+jets

- diboson
600 mfake leptons

500
400;
300F,
200F----

e Measure fraction of SM-like
events, M, using template fit
to A¢(¢0) distribution.

- M = (0 — no correlations.
- %M =1 — correlations (SM).

AlLAS: f5M =1.30 4 0.147037 — 5.10
Phys. Rev. Lett. 108, 212001 (2012)

cms: foM = 0.7440.08(stat) £0.24(syst)
CMS-TOP-12-004

po: "M =0.85+0.29 — 3.10
Phys. Rev. Lett. 108, 032004 (2012)
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Top Quark Polarization

e Top quarks in tt events have negligible polarization in SM.

e Can occur in BSM scenarios §§TLASYIWMSGfb:E: ad
(e.g. models with large FB &, ‘swewon  Vo=7TeV ik paigs.  —ap--05 |

=+

asymmetry). = -
e Polar angle of decay product " ﬁ
i distributed as: 7 7
W (cosb;) = (1 + a; P cos ;) T e T ey
P = degree of polarization, %gmsymmsafb - hem T edred
a; = spin-analyzing power. g Wpamsn  VesTIOVAE PBigd.  ap--03

o Aftree level, charged leptons  «q
and down-type quarks from ¥ :
W-boson decays have «o; = 1. I RO et

-1 -0.8-0.6-0.4-0.2 0 0.204 0.6 08 1-1-08-06-04-02 0 0.2 0.4 0.6 0.8 1
cos 8(£7) cos@(z7)

oy Pcpc = —0.035 £ 0.014 4 0.037
oy Pcpy = 0.020 4 0.01675 512

e Fit cos @, distributions for
e and u to extract o, P, ¥
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W Helicity Fractions in Top Quark Decays

e Probes (V-A) structure of Wtbvertex. =

1= W momentum in top restframe
4

- o
A ((\90\ Negative Longitudinal
Q((\O helicity helicity
7% W e L Fz03 fo Fy = 0.7
7 \§) o
XS

(e°

b

B

N =3, X ¢, with §; = top polarization direction

e Extract helicity fractions from:;

- 0" in tt events (unpolarized).

- e.g. 0%V in single top events
(polarized).

e Not yetin LHC combination:

- latest single lepton and
dilepton measurements
(CMS-TOP-11-020, CMS-PAS-TOP-12-015).

- first measurement in single top
t-channel (CMs-PAS-TOP-12-020).

0.9F—F
Positive L
helicity 0.8
f+, FR =0 -

CDF + D@ combination
L=27-54f"

0.7 H—
‘I - =4
b e 0.6/ 68% and 95%
C C.L. contours
. 0.5

® Combined result
% SM value

O CDF |+jets

[0 CDF dilepton

A DG

Eoovov b Ly
-0.3 -0.2 -0.1

Phys. Rev. D 85,

0 01 02
071106 (2012)

0.3
f,

ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025

| L T

ATLAS and CMS preliminary

\s=7TeV,L =35pb*-2.2fb"

I NNLO QCD
Combination

=4 Data (F_/F /Fy)

ATLAS 2010 (single lepton) e
ATLAS 2011 (single lepton)  +~e—~

F Fo

ATLAS 2011 (dilepton) P o
CMS 2011 (single muon) A
LHC combination - A
1 I 1 1 1 1 I 1 1 1 1 1 I 1 I 1 1 I
0 0.5 1

W boson helicity fractions
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Anomalous Couplings and CP Violation
Effective lagrangian for Wb vertex: VR gr. gr Anomalous couplings
g 7 _ g ;w0q _
Ly iy = —ﬁbW(VLPLJrVRPR)tWM _\/§b MWV (9. PL+9rPr)tW, +h.C.
o Interpret Fg, Fy, Fy in terms of e CP violation if Im(gr) # 0.
anomalous couplings. o AN, insingle top t-channel
e Assume V; =1, Vr = 0. (fop ~ 90% polarized).
, . N _ N(cosdV >0)—N(cos6" <0)
Derive limifs on gz, and gk. Apg = N (cos 0N >0)+N (cos 6N <0)
~ I T e ML B 0 ! 0 B I I
E:v’ O.Si w 0955_ Az-rj!:a/{'\sslgfe”tn;icr)];gned _E
E o Ldt=4.66fh" ]
0.6/~ LHC combination preliminary V=1,V =0 0.93_ Vs=7Tev E
- \s= » Ling™ t-22f0" g - .
0_47— s=7 TeV Llnt 35 pb 2.2 fb .68% oL 085:_ ;gl\élspe):sggtlon (LO) _:
L R +10 (68% CL. B
0'2? DQS% CL 085— A,E‘Biz-z()c.;(gi(yg).((:)l;)(stat.ljsyst.) _E
of * SM h z
- A 0.75— -
-0.21— - .
B T R R S R N N7 R R L
Re(g,)
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025 ATLAS-CONF-2013-032
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A Flavour Changing Neutral Currents
x10°
e qg >t — Wb— lvb(q=u,c) 20 A A R B ;
1 020 [ rdr=142m" (s=8Tev ~ ATLAS Preliminary =
® LS RARAS ALY LARRY ARRE RARRE RARES RARES o 0.18 3 =
S 10000 ILdt=l4.2 o' Ns=8Tev ATLAS Preliminary ] 0.16k =
% signal region 6320 orsmm _ 0.14 _z
(@ — P ] 0.12f E
_— ] 0.10F :
Z+jets, diboson L
B mulijets 008 C
7 et e 0.06E
0.04F
0.02
0000 RS SRR RTINS IR N A T W FX10'6

0.8 : : : : : : :
02 03 04 05 06 07 08 09 1
NN output

ATLAS-CONF-2013-063

Data/Expected
o
©

o it > Wb+ Zq— b+ Uqg

ATLAS: BR(t — Zq) < 0.73% @ 95% C.L. (7 TeV)
CMS: BR(t — Zq) < 0.07% @ 95% C.L. (8 TeV)

JHEP 1209 (2012) 139
CMS-PAS-TOP-12-037

Events / 20.0

- 195fb"at Vs =8 TeV

B

B wi, zit

B zto

[ ww, wz, zz ]
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Baryon Number Violating Decays

e Baryon number violation possible

in several BSM scenarios.

e Search for tt events in which one top
decays through t — bep™ ort — buet.

Events / 1

400

300

200

100

4 6 8

I\IIIIlII\lIII‘IIIIIIlIII\III
500 CMS Preliminary

_[Ldt =196 ", (s =8 TeV —e— Data
u channel

. 1

Bl W +jets e
Z+jets —

[ Single top

[l Dibosons

I v

Il QCD —

..... Signal (BR = 0.005)

"] Systematic Unc.

10 12 14 16 18 20
e

b-jet

. 4
b-jet r jet

jet

e No significant excess over

expected background.

BR(t — bép™) < 0.0016 @ 95% C.L.

BR(t — bue™) < 0.0017 @ 95% C.L.

CMS-PAS-B2G-12-023

&
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Further New Physics Searches

O30

r

e Resonances in m,; (e.g. Z' or KK gluon). >
VaVaVo

Mass limits O@2 TeV).

More details in plenary talk by Fabienne Ledroit

e Excited states (t*, b*). ;%%% . t
Mass limits O(800 GeV). / " y

w v

e Heavy vector bosons (W),
Mass limits O(1-2 TeV).

More details in plenary talk by Fabienne Ledroit

e Vector-like quarks (I' — Zt, T — Wb, T — Ht, B — Zb).
Masss limits O(700 GeV).

More details in plenary talk by Freya Blekman

e And many more...
EPSHEP 2013, STOCKHOLM, JuLy 22, 2013
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e Very rich top physics program at LHC and Tevatron experiments.
e Most analyses are systematics limited.
e [Op production
— Pair production cross section with O(4-6%) uncertainty.
- dingle top t-channel cross section with O(20%) uncertainty.
- s- and Wt-channel production observed at 3.70 and 60 level.
— Associated production (¢tV, ttv, tty), differential cross section.
e [Op properties
- Top mass uncertainty is currently 0.5% (0.87 GeV).
- Polarization, asymmetry and coupling measurements all
consistent with SM (some tension in FB asymmetry).
- Spin correlations observed.
- Limits on FCNC and baryon number violation decays.
e Searches
- Wide range of searches for new phenomena.
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See Also - Parallel Session Talks
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Differential cross sections for top-pair and single-fop production, KIDONAKIS, Nikolaos

Search for Single-Top Production in ep Collisions at HERA, ANTONELLI, Stefano

Top quark mass measurements at and above threshold in e+e- collisions af Linear Colliders, ROLOFF, Philipp

A precise determination of top quark electroweak couplings at the ILC operating at 500 GeV, POESCHL, Roman

Measurement of the single top quark production cross section in pp collisions with the ATLAS detector, KRASZNAHORKAY, Attila
Measurement of differential cross sections in fop pair production in pp collisions with the ATLAS detector, GARBERSON, Ford
Measurement of intrinsic top quark properties (top mass, charge, top and W polarisation, and search for FCNC in top decays)
with the ATLAS detector, MASETTI, Lucia

Top quark pair properties (spin correlations, charge asymmetry and complex final states) with the ATLAS detector, MIJOVIC, Liza
t tbar b bbar production at NLO accuracy matched with parton shower, TROCSANYI, Zoltan Laszlo

Measurement of the charge asymmetry in top quark pair production at the Tevatron, DEMINA, Regina

Inclusive and differential top quark production at the Tevatron, SORIN, Maria Veronica

Single top quark production cross section at the Tevatron, GARCIA-BELLIDO ALVAREZ DE MIRANDA, Aran

Measurement of the top quark mass at the Tevatron, PETERS, Reinhild

Top quark properties studies at the Tevatron, LEONE, Sandra

Measurement of the inclusive top quark pair cross section in pp collisions at 7 and 8 TeV with the CMS detector, MAES, Michael
Measurement of differential cross sections in top pair production in pp collisions with the CMS detector, SYMONDS, Philip Hugh
Measurements of the production properties of fop quark pairs in pp collisions (includes charge asymmetry and spin correlations)
with the CMS detector, DORLAND, Tyler Mc Millan

Measurement of the properties of top quarks in decays (fop quark and W polarization, top quark charge and couplings) with the
CMS detector, SENGHI SOARES, Mara

CMS Measurements of the Top Quark Mass, STADIE, Hartmut

New approaches in determining the mass of the fop quark: alternative techniques and differential measurements, BLYWEERT, Stijn
Measurement of t-channel single top quark production in pp collisions with the CMS detector, IORIO, Alberto Orso Maria
Measurement of single top production in the tW-channel in pp collisions and search for FCNC with the CMS detector, BENELLI,
Gabiriele

Top Decays with Flavor Changing Neutral Higgs Interactions at the LHC, KAO, Chung

Probing for the t— ch decay af the LHC, HOU, George Wei-Shu

Four-loop on-shell integrals: MSbar — on-shell relation and g-2, MARQUARD, Peter

NNLO top quark pair production, FIEDLER, Paul

NLO merging in tt+jets, SCHOENHERR, Marek

Top-quark Pair Production in a Running Mass Scheme, DOWLING, Matthew

Measurement of the inclusive top quark pair cross section in pp collisions at 7 and 8 TeV with the ATLAS defector, HENRICHS, Anna
Top quark mass measurements in ATLAS, COMPOSTELLA, Gabriele

TOPLHCWG: combinations of top measurements at the LHC, CRISTINZIANI, Markus
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See Also - Posters
e Search for ttbar resonances below 1 TeV in the semileptonic final state, BROCHET, Sebastien
e Search for Top Quark Flavour-changing Neutral-current Decays at 8 TeV, CHAQO, Yuan
e Single top cross section measurements in the f-channel at CMS, IORIO, Alberto
e Measurement of differential top-quark-pair production cross sections in the lepton+jets channel with CMS, LANGE, Joern
e First measurement of single top production in the tW-channel in pp collisions, BENELLI, Gabriele
e Measurement of differential top-quark pair production cross sections in the dilepton final state at 8 TeV, DORLAND, Tyler
e A search of new charged heavy gauge W’ bosons with the ATLAS detector at the LHC., GEOFFREY, Gilles
o Measurement of jets in ttbar events with ATLAS., GRAHN, Karl-Johan
e Probing QCD with top-quark pairs at CMS, LIPKA, Katarina
e Measurement of ttbar production with additional jet activity, MARTIN, Maria
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) gsNew Top Mass Measurement in Dilepton Channel by ATLAS

e Select events with exactly 2 charged leptons (e,u), EX'sS and
exactly 2 b-tagged jets.

e Background < 3%.

e [emplate method with my, as estimator for mygp,.

> T I T T T I T T T I T T T I T T T I T T T I T T T I T

> g L T ] ] o -, _ - i
3 CATLAS Simulation Mop ] U(D) 4000 e &E;ﬁé?oajﬁd ATLAS Preliminary B
o) | Preliminary — 165.0 GeV _ - L ” - i
2 oaf ooy 5 = bestfit:m,,, = 173.00 % 0.64 GeV :
g B — 180.0 GeV ] S - ' -
> 008 - = 300 ]
= B ] i
(O] - - -
2 0.06]- - i
£ - i 200 g
2 0.04 — ]
0.021 - 100 B

0" - == .

Miop = 173.09 £ 0.64(stat) £ 1.50(syst) GeV

Dominant uncertainties: JES and bJES

L
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e New Top Mass Measurement in Alljets Channel by CMS

e Select events with exactly 6 jets (atf least two b-tagged).

e Kinematic fif: 2 x 2 untagged jets (m,;; = 80.4 GeV). Combine

with Two b-jets (m;, = m 3
CMS,L=354fb", (s=7TeV

).

> ¢ CMS data
8 250~ Combined tf and multijet
o — — tt component
- m e Multijet background
B 200~ Uncertainty on f;,
C
2
[T 1501
1001
50[-
B pr T e T s
i '-I| | [T N T RN B -l|-“|__|__| -i-'-";"'
'POO 150 200 250 300 350
mit [GeV]

Miop = 173.54 £ 0.33(stat) £ 0.96(syst) GeV

0.98

0.97

CMS,L=354fb", (s=7TeV

=10

m, [GeV]

£

172 174

Dominant uncertainties: JES and bJES
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Branching Ratio BR(t — Wb)/BR(t — Wq)

e Branching ratiot — Wbis ~ 1 in SM.

e Measure R = BR(t — Wb)/BR(t — Wq) by fitting number of b-jets
in tt events.

T TT T
CMS preliminary, {5=8.0 TeV, | L=16.7 fb" Il: 1.023%)% CMS-PAS-TOP-12-035 (2013)
‘EJ'BUUO‘IlI TI T T T T T T [T T T T T T TTTTIT T TT T T T T T T 17171 T 11 i
g ee Hp , ep =1 s
5 2000 2jes = Wj: 0,947 CDF Note 10887 (2012)
3 . Multijets/ W v Phys. Rev. D 87, 111101(R) (2013)
6000 T otrer i I1: 0981°00% CMS-PAS-TOP-11-029 (2012)
5000 = DEV lj: 0.95°0
= Vo T M7 D@ PRL 107, 121802 (2011)
4000 —{ [l singte 10p 78 V4 47 1 NN R Il: 0867 o
2jets 3jets = : ; 3 3 ; : i :
3000 =l [ h - P F B i 1j: 097°%* D@ PRL 100, 192003 (2008)
2jels - DZ—, Il H —L ; ] : ;
2000 ] 2 /S N A S s
3jets = 4 U lj: L3 D@ PLB 639, 616 (2006)
3jets 4jels 7] e data 2 i g " 2 : : H i =
1000 —
dlets HiEE = i N N Wi
- ; ; ‘ i i i v 1.02""2‘ CDF PRL 95, 102002 {2005)
012340123401234012340123401234012340123401234 1 ; T ; = 3 : : u:l.all'::; = =
b-tag multiplicity : i o i :
g AT L e L L e T i ; ] i i i
& g 1 j+110.94°% CDF PRLS6, 3233
p A S SE _‘++H+*+, _____ TS, —— 1j+110.94">1 CDF PRL 86, 3233 (2001)
0 ikttt i
0.5 bbbk ko ool ol bbbt et diades Lol sl ol bbb e d b e 0 02 04 0.6 0. 1 12 14 16 1.8 2 22

8
R=B(t— Wb)/B(t— Wq) 95% CL
e Exfract |V;,| by assuming a unitary, three-generation CKM mafrix.

e Complementary to single top measurements.

CMS-PAS-TOP-12-035
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Top Forward-Backward Asymmelry at the Tevatron

4 ¥
A, of the Top Quark
] V. Ahrens et. al., July 2011
arXiv:1106.6051v1 (2011)
(** submitted to a journal) @
] W. Hollik and D. Pagani, o L - —e— CDF Data, 9.4 fb™
arXiv:1107.2606 (2011) (* preliminary) < B 0y = (15.5 + 4.8)x10* (GeV/c?)"
1
981" — i Prediction v
i oy, = (3.4+ 1.2)x10% (GeV/c?)! e
CDF LJ —@—  0.158+0.074 (20.0720017) 0.4 B
(5.3fh% ’
0.2
CDF DIL* ® - ?lJ—ii
0.420 + 0.158 (:0.150+ 0.050) s ~——
( 5.1 fb_l) | ] | | ] | |
%50 400 450 500 550 600 650 700 750
| Parton-Level M, (GeV/c?)
CDF combined* —@— 0.201+ 0.067 (0.065 + 0.018)
(+ stat = syst)
e Updated measurement from
DO LJ** —@—  0.196: 0.060 5% CDFin ¢ +efs.
(5.4
e Measured Arpp deviate most
| | | | | from SM at large M,;.
-04 -0.2 -0 0.2 0.4 0.6 0.8

CDF Note 10975
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Legendre Polynomials

e Fif cos 8, distribution with
Legendre polynomials.

e Discrepancy with SM predic-
fion only for the linear term

1.0

0.5r

0.0

vl

Il
Jus W N R O

AV

. : =05
(consistent with s-channel
new physics). L9565 00 05 Lo
cost
300! CDF Run Il Preliminary f£ =9.4/fb  tt—#Av+ jets CDF Run Il Preliminary £ =9.4/fb tt—<v+ jets
250}
. 0.6f
E ..."A ....... o
~ 200} % 0.4}
S E | dee.
U A
£ 150 : : € 0.2 N '
g —— Legendre Series (20 terms) v & ~ITN !
- 100} —— Legendre Series (8 terms) |4 2 oo TN
= <8} &l &
 NLO SM tt (Powheg) o » 2
- —— NLO SM (PRD 86 034026) - LO t-channel (Z’ 200 Gev/c”)
s Background =0.2 ; 1
- LO SM (Pythia) T Data (stat+syst error)
Data -+ LO s-channel (Octet A) 4 Data (statistical error only)
_0.4’ L 1 =

1.0

CDF Note 10974

1 4

2 3
Legendre degree (¢)
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“+< |V Helicity Fractions in Single Lepton Events fromm CMS
Fﬂ' I:L FFI
I O R R d At f LR EAN Rt AR CRRES Lt S LR LALES LRARE SRS LAth] SARES LAtIIARALS & G Lod RRRRAAAZE] LALES LALLY ERZES REALY RR2Y
15 mu+jets; leptonic branch L] L] i i [] ] E e
E e+jets: leptonic branch 1 1 i i i ] E CaT]
]E combined {e mul+jets: leptonic branch [] 1 i i [ ] E T
:E CMS Preliminary 7 TeV, 5 b E i E
: 1J.I.Lu.|..I.IJ.L|.LLI.I.LLLLLLLI.I.LLLI.I.I.LI.I.I.I.I.I.LIi _|.|.|.|.|.|.i.|..|..|.|.|.|.i.|.|.|.|.L|.|.|.|.L|.|.|.|.|.|.|.|.|..|..|.|.|.|.|.i E; F01 SRR RRANI ATITA AT ] Liss
2ok SEPAPRAREN REALA RO A 5 R REARE R
* 031~ CMS Preliminary 7 TeV, 5tt" PesicL
02f- [JeswcL
0.1F- * SM L
o A " | Fy = 0.682 + 0.030(stat) + 0.033(syst)
= ' 1 Fp =0.310 & 0.022(stat) + 0.022(syst)
osf 4 Fr =0.008 & 0.012(stat) =+ 0.014(syst)

Re(g) :

CMS-PAS-TOP-11-020
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ehi(+1)
o Ambiguity when pairing W boson to b jet. W%
\%\ 3_|?>‘)
e Exofic models with |q| = 4e/3 instead of %
lq| = 2e/3 exist.
arXiv:1307.4568 (hep-ex) CMS-PAS-TOP-11-031
~ A i I CMS Preliminary \'s=7 TeV L=4.6 fb’
S E electron/muon + Jets ATLAS j 2 |
S 10°:{ Ldt=2.051b" . Simulation . = sdata
D e | g istina
o 104'5_ 3 E Dﬁ_dille;{:onic |
GE SM LXM % B Wopts
= : 3 » B Z+jets
102:5 E ©
- ; ] o)
& 1055 E:. 35 '§
AT O AT Lo B = <

-0.25 -0.2 -0.15 01 005 0 005 0.1 0.15 02 0.25

Q
® Giop = 0.64 £ 0.02(stat) £ 0.08(syst.)

_
o Exotic modelexcluded at > 80. | 0009, A1 exclusion. %
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NN More details in plenary talk by Fabienne Ledroit Resonances in My
e [Op pair production can be enhanced by new particles
1 1 ] - 1 ] /
decaying info tt pairs (e.g. Z’ or KK gluon).
e Search for narrow and broad resonances in tt invariant mass.
l+jets dilepton alljets
ATLAS-CONF-2013-052 ATLAS-CONF-2011-123 JHEPO1(2013)116
R e S R O —
g E [La-tazn En szg (20TeV) 3 jgj ATLAS = 21 ] Chand - Data 2011
[%] 6 L Multi-jets WHjets . ) ther : C
g 1855 DOther]BackgroundJs jﬁ L%, 0"9 E(:E‘DG‘:_: ‘co_> 300:—+ HZ (1TeV)o =13 pb_
@ 10f R ) E 2 2507 ||tr\f/| tjet E
10°F < s | o ]
10°F 3 111 200F ATLAS E
10 150t J.Ldt=4.7fb’1 E
1 nllnnnnflnanns n | S -
2 15 S s % F Vs=7Tev 3
% o.é1 P ———r— - Z 800 1000 1200 100: HEPTopTagger _
a 0 05 1 15 2 25 F:’co [T: v? N HAE™ (Gev] 50; ]
» I SIS S
;g g'g'fb s 7 Ty D@ %0 1000 1500 2000 2500 3000
w i N tt Mass [GeV]
o p 4000}~ Tew) I oY
- CMS Preliminary, 19.6 fb”, Vs = 8 TeV C [ Other SM Bkg. 7 CMS Preliminary, s = 8 TeV 1,9-6.“"1. -
° 10 —a i 7' 750 GeV (x10) | 10° - e Data
;‘ : : ;tl;e(r)sTev[c %) 3000? —— 7' 1250 GeV (x100) ; E Non-Top Multijet
S gl ek i : oelweereen el L iR
- i S s petador2 20001 ] ys —— 3TeV RS KK gluon
10k o :_;” u+jets, Nh_ug =1 C
E : 10E
1E E ;
107 1000 2000 3000 . 76555000 500 1000 1500 OE 00 1500 2000 oo 300

M, [GeV/c?]

CMS-PAS-B2G-12-006

M(tf) [GeV]

CERN-PH-EP-2012-324

tt Invariant Mass (GeV/c

CMS-PAS-B2G-12-005
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EMI More details in plenary talk by Fabienne Ledroit Resonances in My
CMS-PAS-B2G-12-005 CMS-PAS-B2G-12-006
o - -1 -1
= ‘_ln.ﬂ.s.Pr,e'-.—m—r'“““a“’.-‘r.g.-fs.T?V:1,9'.“". I e _ CMS, L =19.6 fb", (s =8 TeV KK Gluon
(= | N 0 B
- 10% Width Z' - _ o
= ok, e Expected Limit — 2 102 Expacted (3% CL)
T E T Observed Limi 3 m E e Observed (95% CL)
" o I 1o ] =
N i, 1 :20 g x - — - KK Gluon
T Sz - === Topcolor 2'x 1.3, 10% Width - & 10k
% ah .. (Harris, et. al) _: © - \}l | | Expected+ 1 s.d.
= i = - S +25d,
< g : § 1 C - [ Expected+ 2 sd
E - 1 =
= g
(&] B o 101 -
a2 N 7S = = | =
w | "~~ _ =
[=2] ~a -
SPy-J) I BN BRI U U BN R S SR S B
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 102k
Z' Mass (GeV/c?) - M [TeV]
i
'3‘ L) L) L) L) l L) L) L) L I L] L] L] L] I L] L] L] L] I .I .I L] L) | —_— . . . . l . . ' ' I ' ' ' ' I ' ' ' ' _
S F fs=8Tev Obs. 95% CL upper limit j = /s=8TeV ——— Obs. 95% CL upper limit
........ 0, imi — ’
e 10 [Ldt=143 10" Exp. 95% CL upper limit E = B P Exp. 95% CL upper limit
! B Exp. 1 ¢ uncertainty ] 1 I Ldt=14.3 0 [ Exp. 1 o uncertainty 3
N 10? Exp. 2 o uncertainty ¥ Exp. 2 0 uncertainty .
x E @ aaaaa Leptophobic Z' (LO x 1.3) E o ) )
o) e : 3 ¥ CB. e Kaluza-Klein gluon (LO) q
XN 10 ATLAS Preliminary = ‘f ATLAS Preliminary ]
o 3
; o E
o) 3
-! -
10"
'l 'l 'l 'l l 'l 'l 'l 'l l 'l 'l 'l 'l l 'l 'l 'l l~]~‘ 'l 'l 'l 2
0.5 1 1.5 2 2.5 3 10'0 5 1 15 2 55
Z' mass [TeV] 9, Mmass [TeV]

ATLAS-CONF-2013-052
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Other New Physics Searches

e Excited states (t*, b*). Mass limits around 800 GeV.

ATLAS o Data
10 Lepton + jets channel ----b’ (800 GeV)
' Wt
! b L dt = 4.7 fb™* I Other top
) I W+jets HF
> 10 cece:
/

CMS Preliminary 2012 19.6 fb™ Vs=8TeV
— T T T T
Fitting function B
[Fitting uncertainty ]

-
<
\

2
T T T TTTTIT

* Observed data B
@t Signal (M_=750 GeV) -|
(muon channel) )

Events / GeV

Vs = 7 Tev [CJWH+light jets
[ Z+jets

*- [ Diboson

Il Multijet

Number of Events / 50 GeV/c

—
o

T T T 1117
|

//////

Phys. Lett. B 721 (2013) 171-189 ' sl s i3

800 1200 1600 2000 i :
0 200 400 600 800 1000 1200 1400

CMS-PAS-B2G-12-014 reconstructed mass [GeV] Mass(top + gluon)
e Heavy vector bosons (W'). Mass limits O(1-2 TeV).

- 4@ [T Preeprre
S ATLAS Preliminary \s=8TeV
n
CMS Preliminary, 19.6 fb™' at Vs = 8 TeV = 407 4 [ IWR(1.5TeV)
R R e RS ar T o ] Ldt=1431b B Top
ni psjetsN _ >1 B st o 10 ] Weets
107 e s a3 s £ 2jets 2 b-tags [ Z#jets, diboson
—ei= W X 20, m=2.0 TeV 10 I Multijets

-==Wpx20,m=25TeV
—vims W x 20, m=3.0 TeV
BE3 Uncertainty

Uncertainty

10*

Events / 50 GeV
=

o(Data-MC)
o
r AL AL P UL R L e
Eé ! ¥ g
I""‘ 2
a

ATLAS-CONF-2013-050

CMS-PAS-B2G-12-010 500 1000 1500 2000 2500 3000 3600 4000 § 15/}
M(tb) [GeV] S Himsememmsnngpellla |
8 0.5‘
. ' . . -1 -08 06 04 -02 0 02 04 06 08 1
More details in plenary talk by Fabienne Ledroit BDT Output
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More details in plenary talk by Freya Blekman Other New PhYSiCS Searches

e Vector-like quarks. Mass limits O(700 GeV).
(I — zZt, T — Wb, T — Ht, B— Zb)

CMS preliminary ys=8 TeV 19.6 fb" SS dileptons

q, q ! E 10 L #-data
% F D tt+bosons
Z H W + :@' 102 .multi-hosuns
7w § E 3 L [Inon-prompt
=10k ) 3

. S TT (800 GeV) x 100
Z, H, w= 1 & +
T t

Co . —

A I
CMS-PAS-B2G-12-015 T T R s R T T VR T
S, [GeV]
CMS preliminary Vs=8 TeV 19.6 fb™
BR(bW)

Entries / 150 GeV

Data/bkg

ATLAS JLdt =143
Preliminary {5 —8TeV
ee + U

+
g
=]

SLLspLy, Uncertainty

data 2012

Z+bottom -
ff

Other bkg
BB (600 GeV) —|
7T (600GeV) |

= 2 b-tags

A

200 400 600 800

7000

1200 1400

m(Zb) [GeV]

ATLAS Preliminary

—
=
o I m; = 350 GeV m; =400 GeV m; =450 GeV Status: Lepton-Photon 2013
2 P
1 = o8 08 BRI, 08 E , 143w
e e, e fs=8TeV, Ldt=14.3"
ST NN s
o - o8 5 0.6 Btnescoc 06 PRl - S5%CLexp.excl = 95% CL obs. excl
e BRI fasi
- — T R, foocos
O CNE cOB 0] TN O OO RS, T ex [ATLAS-CONF-2013-018]
- (XY i il Y Shniseniemians S 04 fRoocass
s B SR S S i
T b B E ] same-sion pries-conr-zora.ast)
=9 SR st BT T, b
0.2 PEOCiia i ST e N 0.2 POt 0.2 BROEOa [ zbiex areas-conr-2013.056]
e TR S S, s e L, e
Bl et e s s
S fatalel Seasste it MY T SRR S o
] S s sseterer YR AT, SR 2o om0 [ wosx  [ATLAS-CONF-2013-060]
o R S e o BRI S L O o ERERE R i e |
| 750 0 2 04 [l 0 2 4 08 0 02 0. -
o M SU(2)(T,B) doub ® SU(2) singlet
= 1 1 1 1
= kS m; =500 GeV U m; = 550 GeV N o m; = 650 GeV
- 0.8 BRI O 0.8 P, 0.8 U g, 08k
- B NG SNy
—700 E e R
0.6 [EU0000N 06 SR 06 060N
e S s
e Fond
S oz
= 0.4 RRGCOCRt & 04 04 0.4 BEER
oo Jossse
w b oo e .
SRS, ) e s
R [ -
650 @*» o2 PR as ) 0z 02 e B .
_| 5
r S
0 o o
5' 0 0.2 04 0. 08 0 0.2 0.4 06 0.8 o 0.8
- 1
B o m; = 800 GeV i m; = 850 GeV
> o, p Ty
0’@0 U@s
L4-] i 06 “
— 04
BR(tZ) BR(tH) . .
02
02 04 06 08 1 o 02 0.4 06 08 1

e And many more...

BR(T — Wh)

ATLAS-CONF-2013-018, ATLAS-CONF-2013-051
ATLAS-CONF-2013-056, ATLAS-CONF-2013-060
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ATLAS-CMS Comparison of Top Mass Uncertainties

5
+ e
W,
/7')

lepton+jets m__: ATLAS vs CMS comparison

Uncertainty Categories ATLAS { CMS
s e i SBT3 Summary table .c:f public 201 1. LHC m,
I+jets | I+jets measurements in the lepton+jets channel,
Measured m, 17231 | 17349 likely to drive the next LHC combination
Jet Scale Factor | Jet Scale Factor 0.27 0.33
 bllet Scale Factor 067
JES __ Sum _Sum | 072 | 0.3 | ATLAS Preliminary May2013 |
bIES JES b e JESi« | 008 | 061
Ll JES tighe_jer JES g || 079 | 0.28
Lepton pr Scale 0.04 0.02
MO MC Generator MC Generator 0.19 4.7 fb Hjets (3d) pral. = — 172312083 £ 027 £ 06T £ 1.35
Hadronisation 0.27
Sum Sum | 033 CMS 5.0 o' l+jets e 173.48 = 0.27 = 0.93 +0.98
Rad ISR/FSR ISR/FSR | 045
Q*SC&]E 0.24 D036 fo' 1+jels [ 17484 = 083 = 0.53 =140
Jet-Parton Scale 0.18
Sum Sum 0.45 0.30 CDF 8.7 fv lsjets F . 17285 + (.52 + 0.48 + .85
CR Colour Recon. 032 0.54
PDF |  ProtonFDF |  ProwonPDF | 017 | 0.07 Tevatron Gomb. 2013 | 173.00 = 0.51 = 0.38 .08
Jet Energy Res. | Jet Energy Res. 0.22 0.23 sta syt
Jet Rec. Eff. 0.05
o] i ] i | | | l |
b mgﬁﬁg b mggiff g'g; g‘éz 165 170 175 180 185
DetMod Sum Sum | 08 | 027 my, [GeV]
Underlying Event 0.12 0.15
BGMC 0.13
| BGData 0.10 Systematics categorized according
Method Method Calib. Method Calib. 0.13 0.06 ; :
Y o A BT to the first LHC mmblnat.lon
e CMS measurement from:
Rest | 153 | 103 JHEP (2012) 2012:105
Total Uncertainty 1.55 1.07
— . = |
fop quark mass in ATLAS - EPS HEP 18-24 July 2013
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ATLAS-CMS Comparison of Top Mass Uncertainties

lepton+jets m__: ATLAS vs CMS comparison

Uncertainty Categories

ATLAS / CMS 2 o o
Statistical sensitivity
Tevatron ATLAS CMS 2011 | 2011
[+jets f+jets
Measured m,, | 72,31 | 173,49 FE G e
Yot Scale Factor | JetScale Facor 027 | 0.23 « extra statistical uncertainties on m,
blet Scale Factor | B X “— introduced by the simultaneous
L - L JSF/bJSF fits
bIES JES b JESw . || 0.08 | 0.61 : % iz
TES | ESae | TESugr || 07 | 028 + Scale with luminosity, uncorrelated
Lepton pr Scale 0.04 | 002 between experiments
MC | MC Gl““:ﬁ;f’; MC Generator gg + Similar sensitivity to JSF from the in-
Hadronis ; :
Sum S T 053 situ m,, fits (0.27 vs 0.33 GeV)
Rad ISR/FSR I%RS“FSIE 0.45 - « ATLAS has larger JES stat
BT | % .
S s Socie ik pomponent _{lJES}'due_to the
Sum Sum | 045 | 040 increased dimensionality of the fit
CR Colour Recon. 0.32 0.54 [E}{‘tfa 067 GEV)
PDF |  PrownPDF |  PrownPDF | 017 | 007 |
Jet Encrgy Res. | Jet Energy Res. 0.22 0.23
Jet Rec. Eff. 0.05
b-tagging b-tagging 0.81 0.12
_EE“’“‘ E_T”“’* 0.03 U.ﬂ@_
DetMod Sum Sum | 084 | 027
Underlying Event 0.12 0.15
BGMC 0.13
BGData 0.10 1l
Method Method Calib. Method Calib 0.13 0.06
M Flie-op Lol T ___ Similar statistical sensitivity to m
Statistics ||_0.23_|_027 || 4— top
Rest | 153 | 103 (corresponds to a 1d fit)
Total Uncertainty | 155 | 1.07
= E |
top quark mass in ATLAS - EPS HEP 18-24 July 2013 | 25 |
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ATLAS-CMS Comparison of Top Mass Uncertainties

. ATLAS vs CMS comparison

lepton+jets m_

Uncertainty Categories ATLAS [ CMS
Tevatron ATLAS CMS 2011 2011
{+jets H+jets
Measured m,,, 172,51 | 17349
Jet Scale Factor | Jet Scale Factor 0.27 0.33
blet Scale Factor 0.67
igs | T =T T 05
bIES JES i JES.— . || 008 | o061
_ WES [ JESugejo | JESiguja | O | UJ8
Lepton pr Scale 0.04 0.02
MC MC Generator MC Generator 0.19
Hadronisation 0.27
Sum Sum (.33
Rad ISR/FSR ISR/FSR 0.45
Q-Scale 024
Jet-Parton Scale 0.18
Sum Sum 0.45 0.30
CR Colour Recon. 0.32 0.54
PDF Proton PDF Proton FDF 0.17 0.07
a Jet Energy Res, | JetEnergy Res. | 0.22 0.23
Jet Rec, Eff. 0.05
b-tagging b-tagging 0.81 012
et Exs | 003 | 006
DetMod Sum Sum 0.84 027
Underlying Event 0.12 0.15
BGMC 0.13
BGData 0.10
Method Method Calib. Method Calib. 013 0.06
MHI Pile-up Pile-up 0.03 0.07
Statistics 0.23 027
Rest 1.53 1.03
Total Uncertainty 1.55 1.07
“?Ep quark mass in ATLAS - EPS HEP 18-24 July 2013

Reduced bJES uncertainty
thanks to 3™ dimension in the fit

SARA STRANDBERG, STOCKHOLM UNIVERSITY
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ATLAS-CMS Comparison of Top Mass Uncertainties

: ATLAS vs CMS comparison

lepton+jets m_

Uncertainty Categories ATLAS f CMS
i ATLAS s ﬁ:;ls ffjbll,; Different residual JES uncertainties,
Measured m,,, 17231 | 173.49 despite the in-situ m , calibration
bﬁ: gzﬂ: iﬁ: et Sople Bt g:g fnd More pronounced p., dependence of
UJES. __Sum _ Sum | 072 | 033 the JES uncertainty for ATLAS,
hetia JESb-je JES bje —ﬂ-ﬂL—ﬂ-ﬂ—[I softer jet p. requirements
dIES JES light—jet JES lighi—jet 0.79 0.28 T
Lepton pr Scale .02 0.
MC MC Generator MC Generator 0.19
Hadronisation 0.27
Sum Sum 0.33
Rad ISR/FSR ISRFSR | 045
Q-Scale 024
Jet-Parton Scale 0.18
Sum Sum 0.45 030
CR Colour Recon. 0.3z 0.54
PDF |  PrownPDF | PrownPDF | 0.7 | 007
Tet Energy Res. | Jet Energy Res. 0.22 0.23
Jet Rec, Eff. 0.05
b-lagging b-tagging 0.81 0.12
E EP™ | 003 | 006
DetMod Sum Sum .84 027
Underlying Event 0.12 0.15
BGMOC 0.13
BGData 0.10
Method | Method Calib. Method Calib. 0.13 0.06
MHI | Pile-up Pile-up 0.03 0.07
Statistics | 0.23 | 027
Rest || 1.53 1.03
Total Uncertainty 1.55 1.07
= |
fop quark mass in ATLAS - EPS HEP 18-24 July 2013
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ATLAS-CMS Comparison of Top Mass Uncertainties

: ATLAS vs CMS comparison

lepton+jets m_

Uncertainty Categories ATLAS / CMS
o P o s T3 MC generator and hadronization
ﬂtl'ﬂn - . - - i
iy | Prins (Pythia/Herwig) uncertainties:
Measured m,, 172.31 | 173.49 ) ;g
Jet Scale Factor | Jet Scale Factor | 0.27 | 0.33 Not dominant uncertainties for ATLAS 3d
blet Scale Factor 0.67 i i
s | S —Sam | 072 | 033 1:ahnail’_\,fmsl but could be large depending on
bIES JES o JES, .. | 008 | 06l € analysis
QES |  JESugjor SESyguije | 079 | 028
Lepton pr Scale I 2. Within CMS:
MG EteEmn | MG G“““’“““II s « the MC generator systematics are
e I found to be small (but are not _
Rad ISR/FSR ISR/FSR | 045 documented for all the current public
Qe fad results)
Jet-Parton Scale 0.18 i . .
T Sam 025 1 030 * Hadronization systematics are meant
CR | Colour Recon. 032 | 054 to be covered by the JES uncertainty
PDF |  PrownPDF | PrownPFDF | 0.17 | 0.07
ey e | Iclaemprien | 0s | R Harmonized treatment is under
binpging b-tagging | 081 | 012 discussion in tht_e TQP-LHC-WG for the
Epe Ex> | 003 | 006 next LHC combination
DetMod Sum Sum 0.84 027
Underlying Event 012 | 015 ,
e T2 Need to evaluate possible double
BGData 0.10 | counting effects between the
Method | Method Calib. | Method Calib. | 0.13 | 006 hadronization and JES systematics
MHI Pile-up Pile-up | 003 | 0.07
Statistics || 023 | 027
Rest | 1.53 | 1.03
Total Uncertainty | 1.55 | 1.07
== — ]
“op quark mass in ATLAS - EPS HEP 18-24 July 2013
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ATLAS-CMS Comparison of Top Mass Uncertainties

lepton+jets m_

: ATLAS vs CMS comparison

Uncertainty Categories ATLAS / CMS
Tevatron ATLAS CMS 2011 | 2011
[+jets l+jets
Measured m.,, 17231 | 17349
Jet Scale Factor | Jet Scale Factor 027 0.33
blet Scale Factor || 067 |
ES. __ Sum Sum | 072|033
bIES JES —; JESs; 0.08 | 061 : "
e . Es@:r:: JESb,it‘:j: e bk ATLAS 3d analysis has a larger sensitivity
~ Lepton pr Scale T o4 | 002 to b-tag systematics, mainly due to P,
M | bmeeene | MCOmmepe | S dependence of the b-tagging SF
Sum Som 033 uncertainties, that affect the shape of R ==
Rad ISR/FSR ISR/FSR || 045
Q-Scale 0.24
Jet-Parton Scale 0.18
Sum Sum 0.45 (.30
CR Colour Recon. 0.32 0.54
PDF | PrownPDF | PrownPDF | 017 | 007 I v oy o B as-
JetEnergy Res. | JetEnergy Res. | 022 | 023 g 18 ATLAS  Preliminary ]
Jet Rec. Eff a0s 2 14 JLdI:-%.? ' WV 705
b-tagging i:—[agg'mgn 0.81 0.12 @ E 7 N7 Tew =
= Ems U003 | 0.06 Be =
DetMod Sum Sum | 084 | 027 E . i ; # ; E
Underlying Event 012 | 01s - T ' * : -
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