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Recap This Morning
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VIANCHIZS Top Quark Properties

| anomalous couplings

rare decays
\f branching ratios
| CKM-Matrix-Element |V, |
b \\W new particles

spin correlations

charge asymmetry mass, charge,

width, lifetime

AFB
production cross-section ' W W helicity
production kinematics q'
production through resonances b
new particles qr

! | ti productlon cross section, CKM-Matrix-Element |V, |,

anomalous couplings, searches for new particles
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Top Properties:

Top quark mass
Top spin correlations
Forward-backward asymmetry
Boosted tops
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1824 Top Quark Mass
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1824 Top Quark Mass

ulRZ YLWDO WR WHVW VHOI FRQVLVWH
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MANCHLESTE

= Measuring the Top Mass
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MANCHLESTE

= Measuring the Top Mass

H$QDO\VLV KLIJKO\ VHQVLWLYH WR MHW

H'DWD 0& GLIITHU EN [ WKHQ WRS PDVYV
[

ATLAS: JES calibration
back to particle jets,
then correct to parton
level using MC
corrections.
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MANCHLESTE

= Measuring the Top Mass

M&DQ ILW -(6 ZKLOH PHDVXULQJ WRS TX|

W mass

constrains jet
energy scale
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MANCHLESTE

= Measuring the Top Mass

u6LQJOH EHVW PHDVXUHPHQW IURP /7HY
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MANCHLESTE

= Measuring the Top Mass

u6LQJOH EHVW PHDVXUHPHQW IURP /7HY
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24 Jevatron Combination

M&RPELQH WRS PDVV PHDVXUHPHQWYV |U

Mass of the Top Quark
March 2013 (* preliminary)
CDF-I dilepton ¢ 167.40 +11.41 (£10.30 = 4.90)
D@-1 dilepton ¢ 168.40 +12.82 (+12.30 = 3.60)
CDF-Il dilepton R | 170.56+3.79 (£2.19+ 3.09
D@-1I dilepton N o 174.004+2.76 (£2.3
CDF-I lepton+jets " 176.1047.36 (+5.10+ 5.30
D@-| lepton+jets 180104531 (£5.90%3.80
CDF-Il lepton+jets | | 172.8541.11 (+0.52+ 0.98
D@-Il lepton+jets . 174.04+1 49 (+0.83
CDF-I alljets 186‘00 +11.51 (+10.00 = 5.70)
CDF-Il alljets ¥ 172 47 +2.07 (+1.43% 1.48
CDF-Il track ¢ 166.90+9.46 (+9.00+ 2.90
CDF-Il MET+Jets * ! & 173.95+1.85 (+1.35% 1.26
Tevatron combination*  "* 173.00+0.87 (£0.51= 0.71
xidst.e&51II6f;;'
I I I I | |

170 180 190 200
TEVEWWG 1 .05
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VANEERES  ATLAS Top Mass

u'LVFXVV WZR $7/%$6 WRS PDVV PHDVXUH
MHWY HYHQWYV

H(XU 3K\V - & DQDO\VLV ZLMWHKO GIEV

u$7/$6 &21) DQDO\WLY ZLWK |IE

7U\ WR LOOXVWUDWH KRZ ZH PDNH SUF
XQFHUWDLQWLHV
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http://www.springerlink.com/content/xlw051704773025n/
http://www.springerlink.com/content/xlw051704773025n/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-046
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-046

VANEERES  ATLAS Top Mass

u IE DQDO\VLV
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VANEERES  ATLAS Top Mass

u IE URHVXOWYV

ATLAS (Date: February 23, 2012)
e+ets (1d) _ — 1729+ 1.5+ 25
u+ets (1d) —+—e—— 1755+ 1.1+ 2.6
e+jets (2d) _ — 174.3+ 0.8+ 2.3
u+ets (2d) _ — 175.0+ 0.7+ 2.6
"
< l+jets _ 174.5 = 06-_'-2\3>
S—— /
Most precise (CDF l+jets) - - 173.0+ 0.7« 1.1
Tevatron September 2011 oA 173.2+ 0.6+ 0.8
(stat) (syst)
| | | | |
160 165 170 175 180 185 190
My, [GeV]
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VANEERES  ATLAS Top Mass

u IE URHVXOWYV

2d

Measured value of mp 174.53

" Data statistics . 0.61

ATLAS (Date: February 23, 2012) Jet energy scale factor 0.43
e+jets (1d) —t—e—t+— 1729+ 15+ 25 Method calibration 0.07
Signal MC generator 0.33

u+ets (1d) —+—e—— 1755+ 1.1+ 2.6 Hadronisation 0.15
Pileup < 0.05

e+jets (2d) —t—t— 1743+ 0.8+ 2.3 Underlying event 0.59
Colour reconnection 0.55

wHets (2d) ——+e+—1 1750x 0.7= 2.6 ISR and FSR (signal only) 1.01
Proton PDF 0.10

<m8—7 .. 174.5 + 06:2\3> . W +jets background normalisation | 0.37
—~— ] W +jets background shape 0.12
- - . . QCD multijet background normalisation 0.20

Most precise (CDF l+jets) o= 173.0+ 0.7+ 1.1 QCD multijet background shape 0.27
Tevatron September 2011 Food 173.2+ 0.6+ 0.8 JC.L energy scale 0.{56
b-jet energy scale 1.58

(stal)  (syst) b-tagging efficiency and mistag rate 0.29

| | | | | Jet energy resolution 0.07

160 165 170 175 180 185 190 | Jet reconstruction efficiency < 0.05
Missing transverse momentum 0.13

mmp [GGV] ~ Total systematic uncertainty | 231

Total uncertainty 2.39
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VANEERES  ATLAS Top Mass

u IE URHVXOWYV

2d

Measured value of mp 174.53

" Data statistics . 0.61

ATLAS (Date: February 23, 2012) Jet energy scale factor 0.43
e+jets (1d) —t——t+—1 1729+ 1.5+ 25 Method calibration 0.07
Signal MC generator 0.33

u+ets (1d) —+—e—— 1755+ 1.1+ 2.6 Hadronisation 0.15
Pileup < 0.05

e+jets (2d) ————— 1743+ 0.8+ 2.3 Underlying event 0.59
Colour_reconnection 0.55

wjets (2d) —+e+—1 1750+ 0.7+ 2.6 | <_ISR and FSR (signal only) 1.01
Proton PDF 0.10

<ms—7 .. 174.5 + 0612\3> . W +jets background normalisation | 0.37
—~— ] W +jets background shape 0.12
- - . . QCD multijet background normalisation 0.20

Most precise (CDF I+jets) oA 173.0x 0.7+ 1.1 QCD multijet background shape 0.27
Tevatron September 2011 oA 173.2+ 0.6+ 0.8 Je.t. energy scale 0'§6
< b-jet energy scale 1.58

(stal)  (syst) b-tagging efliciency and mistag rate 0.29

| | | | | Jet energy resolution 0.07

160 165 170 175 180 185 190 | Jet reconstruction efficiency < 0.05
Missing transverse momentum 0.13

mmp [GGV] " Total systematic uncertainty | 231

Total uncertainty 2.39
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1624 ISR on Top Mass

1.65 LQLWLDO VWDWH
JOXRQ MHWYV

u7RS UHFRQVWUXFWLRC g
WKH WKUHH MHWYVY RUL
GHFD\

l_l,l Z/H KDYH DGGLWLRQL
SLFN WKH FRUUHFW MF
UHFRQVWUXFWLRQ

(YHQWV ZLWK «ZURQJ~- 7 Z
GLIIHUHQW VKDSH IRU
PDVV GLVWULEXWLRQ
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184 ISR on Top Mass

M(YHQWV ZLWK DGGLWLRQDO MHWYV PRU
DVVLIJQHG
4y—axis

biet | q jet t= Wb ~ qqOb

gluon jet . _
q0 jet..--N= 22

Z-axis (beam
direction)
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184 ISR on Top Mass

M(YHQWV ZLWK DGGLWLRQDO MHWYV PRU
DVVLIJQHG
4y—axis

biet | q jet t= Wb ~ qqOb

gluon jet .n=25

qO jet
Z-axis (beam
direction)
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MANCHESTER

184 ISR on Top Mass

M(YHQWV ZLWK DGGLWLRQDO MHWYV PRU
DVVLIJQHG
4y—axis

biet | q jet t= Wb ~ qqOb

gluon jet . _
q0 jet..--N= 22

Z-axis (beam
direction)

MZEVHUYHG MHW PDVV GLVWULEXWLRQ
HWWEDU HYHQWY ZLWK FRUUHFWO\ DVVL
”WWEDU HYHQWYV LQFRUUHFWO\ DVVLJQH

L %DFNJURXQG HYHQWYV
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184 ISR on Top Mass

orrect assignment

> = T | B I I
S 8OO§ <+ ATLAS =
g 700 e |+ jets B
£ 600 fL dt = 1.04 b =
) — _
Lﬁ 500 ;_ E&g + I:)bkg _;
400 froee )\ o Data —
- it JSF = 0.986 " 0.006 .
300 = Moo =175.0" 0.9 s GeV
200/ ... =
00l S e E
O : | ! L1 L |...|"" [orrmse e f==- ".""r
100 150 200 250 300 350 400
reco
Incorrect |ét Mep” [GEV]
assignment
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54 Reducing the Uncertainty

JUoHPHPEHU WKH MHW YHWR PHDVXUHPHQW

s = : f _ N(Qo)
8 L . (QO) -
<= 0.9 — N
o B ATLAS _
8 - @dt:205 i 1 Nn(Qo) = Number of t@events with no jet with pr > Qg
081 i redion E N = Total number of t@events
- % gion: |y| < 2.1 5
0.7F —
B === AcerMC nominal ]
n e Data + stat. |
0.6="" — Increased ISR ]
I Syst. + stat. -
- — Decreased ISR ]
0.5 ]
© 11? —————— ———— | — EXpeCt redUCed
.'CE . : - ]
S B uncertainty with updated
I et measurement!
S 0.9
0.8:' L

T N R N T T NN TN T WO SO N N SO SR N N N SRR N SRR
50 100 150 200 250 300
Q, [GeV]
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LQIRUPDWLRQ RI

B-jet energy scale

ERVRQ FRQVWUDLQV WKH MHW HQHUJ\ VF

GLITHUHQFH EHWZHHQ E

1HHG VRPH DGGLWLRQDO LQIRUPDWLRQ W

XVH UDWLR RI

b ad blcp
Rreco,Zb pT + p T | I I I I | T T T T | T T T T | T T T T | T T T T
Ib Wiet, Wiet, ’ 0'05:_ ATLAS Preliminary bUSF = 0.05
Pr - Simulation, \'s= 7 TeV
004_ bJSF = 1.00
0.05F T~ T T T T T T T - bJSF = 1.05

E MHW DQG OLJKW MHWYV LQ

0.04

0.03}

normalized events / 0.1

0.02 J

0.01—

. ATLAS Preliminary
[ Simulation, \s=7 TeV

o = 167.5GeV ]

op = 1725GeV

o =177.5GeV ]

0.03}

normalized events / 0.1

0.02

0.01—ff

reco
RIb
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MANCHESTER

134 ATLAS 5 fb* analysis

HSHFRQVWUXFW P WRS IURP ILW WR OHSWF

LLODNH ' ILW WR P WRSe PRQYDWGDELQ ERWK
ZKLOH H[WUDFWLQJ WKH WRS PDVV

600—0— lllllllllllllll [rrrrprrrrprrrr [rTrrr 111+

> I I I [ > LANNL I NL Y INL Y INL L L Y NL L L RL Y HONLIL B B ™ T T T T T .l I. T 1 r T
3 ATLAS Preliminary e |s=7TeVdata & 12007~ ATLAS Preliminary e {s=7TeVdata - S 500 ATLAS Preliminary s=7 TeV data
E 500~ ®1t24.7 o, T Best Fit background 5 10001 @it:4.7 ot T Best Fit background | E det=4.7 {b-1 ------- Best Fit background
é + Best Fit é Best Fit § 500— Best Fit —
L 400 Migp = 172.31! 0.75 ., 1oransse GeM L 800 Téon i 1702]'_jl+100(')70‘r)3stat+JSF+bJSF GeVv ; _ w Migp = 172.31! 0.75 St JSF+bISF GeM
JSF=1.0141 0.003 bISF = 1.006 = 0.008™ 400— JSF =1.0141 0.003 _, —
300 bJSF =1.006! 0.008 a TR E R s bJSF =1.006! 0.008
600 300
200
400 200
100 200 100
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VIANGHISIES  ATLAS 5 fi analysis

ATLAS Preliminary May 2013
/ \
1 fbt I+jets (2d) ——-0———174.53 + 0.61 + 0.43 +2.27
4.7 tbt 1+jets (3d) prel. F—ilol —i 172.31+ 0.23 + 0.27 + 0.67 + 1.35
\ /
CMS 5.0 fb [+jets —loi — 173.49 + 0.27 + 0.33 + 0.98
DO 3.6 fb™ I+jets F—e—i— 174.94 +0.83 + 0.53 +1.12
CDF 8.7 fbt I+jets o - 172.85 + 0.52 + 0.49 + 0.85
Tevatron Comb. 2013 F-o-i4 173.20 £ 0.51+0.36 + 0.61
stat syst
| | | | |
165 170 175 180 185
my,, [GeV]

Total uncertainty reduced from 2.5 to 1.4 GeV
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CMS Top Mass

LL7RS PDVV IURP NLQHPDWLF ILW WR WK
FRQVWUDLQLQJ WKH -(6 XVLQJ : ERVRC

CMS, (s =7 TeV, (+jets

3000;
2500;
2000;
1500;

1000

|
|| tf unmatched

[ ] tf wrong
B it correct
/) tf uncertainty

Sum of permutation weights / 5 GeV

Mark Owen

1 I | I
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e Data(5.0fb7

lllllllllllllllllllllllllllllIllll

!

.
S
; i
00

P I T T S
200 300
my®° [GeV

CMS, (s =7 TeV, /+jets

1200

[ |
|| tf unmatched

[ ] tt wrong
B it correct
7 tt uncertainty

|
e

>
O
0
O
£ 1000
L
> l
)
2 80
-
S 600
_.cg .
£ 400
O
2 200
o
&
-
N

100 200

e i E e H
P Z+jets

] Wijets

[ single top

e Data(5.0fb"

300 400
mit [GeV]

Top Quark Physics



VANEEREY  CMS Top Mass

LL7RS PDVV IURP NLQHPDWLF ILW WR WK
FRQVWUDLQLQJ WKH -(6 XVLQJ : ERVRC

CMS, 5.0 fb™, s = 7 TeV, /+jets

v 1.01 25 ~
L] l )
> D
1005 o T 20 z
N
1 .............
: H 15
0.995 - u
10
0.99
0.985 S

172

173.49 + 0.43 (stat.+JES) =+ 0.98 (syst.) GeV,

0.994 £ 0.003 (stat.) = 0.008 (syst.).
Single best measurement to date.

3
|

e
9!
gp

|
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1824

SM Consistency

80.5

| —LEP2 and Tevatron
| EP1 and SLD

LHC excluded

68# CL

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
am="
-------

Mark Owen

m, 1GeV"

Improved my
IS essential
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Top Properties:

Top quark mass
Top spin correlations
Forward-backward asymmetry
Boosted tops
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MANCHESTER

4 Top Pair Spin Correlations

M:DQW WR WHVW LI WRS TXDUN LV UHDO

u?RS TXDUN SDLU SURGXFWLRQ VSLQV
FRUUHODWHG GXH WR WKH 4&" SURGXF

u?RS TXDUN GHFD\V EHIRUH KDGURQL]L
WUDQVIHUUHG WR WKH GHFD\ SURGXEFYV

HOHDVXUH VSLQ FRUUHODWLRQ

A= N +N, =N, —N,
Ni+Ny + Ny +N oy,
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MANCHESTER

4 Top Pair Spin Correlations

MOHDVXUH VSLQ UHODWLYH WR D TXDQW

H+HOLFW\ EDVLY OHDVXUH UHODWLYH W]

H%HDP EDVLY OHDVXUH UHODWLYH WR W

H&RUUHODWLRQ LV GLITHUHQW IRU WKH

q t
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MANCHESTER

4 Top Pair Spin Correlations

LL+HOLFLW\ EDVLV p
b="1
> [M(qq— th)* =8g" (1 - 3%)sin?g*, "0 Tor =1
LL, RR
Y [M(qq — tt)|* = 8¢" (1 + cos® 6%).
LR, RL
2 16 4 * 2 2 2 .4 nx
> Mlgg =D = Z°g" V(B,cos6”) (1—B%)(1+ 5+ sin” 67),
LL, RR —0 for f—1
16

Y [M(gg — )| = —g* V(B,cosb*) §%sin® 6*(1 + cos® 6%).
LR, RL 3

A—-1 for B—1 for qg & gg

Mahlon & Parke, arXiv:hep-ph/951226-

Mark Owen Top Quark Physics 33



MANCHESTER

4 Top Pair Spin Correlations

U+HOLFLW\ EDVLYV Iy
=&
> [M(qq— tD)]* = 8¢" (1 - §%)sin® 6",
LL. RR
Y [M(qq — tt)|* = 8¢" (1 + cos® 6%).
LR, RL

Not suppressed fof3—0

T IM(gg— D = 2 gt Y(8,cos6%) (1 — B2)(1+ B + B sin' 6%),

LL, RR 3

> Mg — ) = 5 g" V(B,cos0) Psin® 6°(1 + cos*0°).

LR, RL Suppressed fop—0

Different behaviour fofs—0

Mahlon & Parke, arXiv:hep-ph/951226-
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MANCHESTER

4 Top Pair Spin Correlations

u1/2 SUHGLFWLRQ

AXIS A atTevatron |A at LHC (14 TeV)
Beam 0.79 0
Helicity -0.37 0.33

LHC & Tevatron are complimentary!

Bernreuther & Zong-Guo, arXiv:1003.3926
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MANCHESTER

1824 Top Pair Spin Correlations - Why?

U1HZ SK\VLFV FRXOG PRGLI\ WKH VSLQ F
SUHGLFWLROQO
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MANCHESTER

4 Top Pair Spin Correlations

ulHHG WR PHDVXUH DQJXODU GLVWULED?>

spin analysing basis
neutrino y

k /

lepton neutrino

/
b-jet boost to top quark rest frame v,
—_— \
0

b-jet

top quark
lepton

1 d°c 1
=—(1—C cos6 0
O dcos 0,dcos 9, 4( cos8, cos ;)

where C=Aq, a,

b-quark | W™ I \ d-quark or 5-quark | u-quark or c-quark

o; (LO) | -041 [041 1 1 -0.31
; (NLO) | -0.39 |0.39 \0.998/ 0.93 -0.31
N—"

I
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VANEHSES Top Pair Spin Correlations

DOQW WR XVH GLOHSWRQV KLJK SRODU
UHFRQVWUXFW WKH WRS GLUHFWLRQ

b
\

t
14
v
7ZR QHXWULQRV LQ ILODO VWDWH EX
WUDQVYHUVH PRPHQWXP LQ WKH GHWE

u)XOO UHFRQVWUXFWLRQ VXEMHFW WR V

H6LPSOHU PHWKRG ZLWK VPDOOHU XQFHI
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MANCHESTER
1824

Top Pair Spin Correlations

u/+& DILPXWKDO DQJXODU GLIITHUHQFH
LV VHOQVLWLYH WR VSLQ FRUUHODWLRC

HGLPSOH WR PHDVXUH

VPDOO H[SHULPH

- — T (SM) E

III]IIII[IIII] IIIIIIII ]Illlj

ATLAS Simulation A

---tt (uncorrelated)

-----

0.6 —r D11|epton Evlents _— = 0.6/
e - s |
CE———-H% S, i
= t T+ < 400 GeV - © -
05 rue Imug e/) 2 0.5_
- - E :
3 : = 0.
E) i _ i
o 04— — i
} - correlated . - —: i
o _ L
5 0.3] — "o
> i i .
= . uncorrelated - i
02~ = 0.1
- gg + qq - -
0.1 [ T | L1 1 | [ R B | O
0 1 2 3 0

Mahlon & Parke, arXiv:1001.3432 A¢
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MANCHESTER

4 Top Pair Spin Correlations

L$7/$6 )LW WR D]JLPIWK DO

e d i
DQJIXODU GLIIHUH G H ivei@mH [W U D i

-t (upcorrelated) | Ldt=2.11b
FRUUHODWLRQ VWUH O 3o :
7005_ Z/y*+ets I
600 fake feptons ’*

- ] ¢
5001 |__.__|+ E
4001 = -

ATLAS -

3005, - -
200F---- -

100;— —_——_—__‘

PRL 108, 212001 (2012)
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4 Top Pair Spin Correlations

L$7/36 )LW WR DL PWKD O g
DQJXODU GLIIHUHCEI%JBIE_MESW-I[WUD 43

= w orrelated) Ldt=2.1fb

FRUUHODWLRQ VWU H O o fop :
7005 5 Z/y *+jets T

600?.%23?(3&0% ] t +__

FSM =1.30 + 0.14 (stat) 7327 (syst) 500} ‘_+_| ' E
(=1 for SM) 400 S E

+0.09 3001y [ . E

Chelicity = 0.40 _o'0g 2005 =

(=0.32 in NLO QCD) 1005 —

M
% 05 1 15 2 25 3
Ad
First observation of non-zero spin correlations (6)1

'DWD FRQVLVWHQW ZLWK 60 WRS ZLWK

PRL 108, 212001 (2012)

Mark Owen Top Quark Physics



MANCHESTER

1824

Y
er

Top Properties:

The Universit
of Manchest

Top quark mass
Top spin correlations
Forward-backward asymmetry
Boosted tops
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MANCHESTER

824 Forward Backward Asymmetry

H)RUZDUG DFNZDUG DV\PPHWU\ 7HYDYV

”&RPSDUH QXPEHU RI WRSVY HPLWWHG LQ
WRSV HPLWWHG LQ DQWL S GLUHFWLRQ

”(TXLYDOHQW WR FKDUJH DV\PPHWU\ QX
GLUHFWLRQ FRPSDUHG ZLWK DQWL WRS

t
A Nt (cos @) — Ni(— cosB)
A ) =
; ,/ : e (cos0) Ni(cos @) + Ni(— cos 0)
CP conservation: A N¢(cos ) — Nz(cos8)
A ) =
Neg(cos!) = N¢(! cos!) c(cos0) Ni(cos ) + Ni(cos6)
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MANCH%%EER Forward Backward Asymmetry in SM

H/HDGLQJ RUGHU TT JJ z WRS SDLUYV

l_j_$V\PPHWU\ DUULVHYV DW 1/2 WKURXJK L
GLDJUDPYV

Q0
>WWGW‘< >6wmw<
——{GO0000}—>—

v A + >fmmmr<
—<—40000000 #——

(€)
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MANCH%%EER Forward Backward Asymmetry in SM

$GGLWLRQDO FRQWULEXWLRQ IURP HO
ZLWK 1/2 48&'°
g t

t
&4
+ qy Al
/‘/‘JUUUUL‘\‘\
t g

4 K\ QR LQWHUIHUHQFH EHWZHHQ

t
9
|2
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MANCH%%EER Forward Backward Asymmetry in SM

160 SUHGLFWLRQ

A(cos ) = Ny (cos ) — Ni(cos 0) A N¢(cosf > 0) — Ng(cosf > 0)
- Ny(cos ) + N(cos 0) ~ N¢(cos® > 0) + Ng(cosf > 0)
=<

A (cos 0) (%)

500 1000 1500
Vs (GeV)

Kuhn & Rodrigo, Phys.Rev. D59 (1999) 054017
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MANCH%%EEl@reasuring Forward Backward Asymmetry

M)RUZDUG EDFNZDUG DV\PPHWU\ DOVR Y
GLITHUHQFH LQ UDSLGLW\ EHWZHHQ WEF

11 E + p, 1l 1+ Bcosb
= — 111 = — 11
A y YT E—p, 2 1—[cosb

partonic CMF: Ay — Yt — Y; — 2y

O
I
<
D
Ol

u'LIIHUHQFHV LQ UDSLGLW\ DUH LQYDUL

HOHDVXUH DV\PPHWU\ IRU A\ LQ ODE IUDF

N(Ay > 0) — N(Ay < 0)
N(Ay > 0)+ N(Ay < 0)

AFB —
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Tevatron Afb

N(Ay > 0) — N(Ay < 0)
N(Ay > 0)+ N(Ay < 0)

AFB —

lq 1200 n -1
2 - gf:%%%sgfo.f&g n F
C . - el - — "1
% 1000 AL BI650% 6012 € 250 Mt DO, 5.4 b
. e Background > — i
& 800 |— A =g-o.034 + 0.013 w - [] Wﬂﬁts
- 200~ [ Multijet
600 :_ - e Data
150
400 = —_—— Bt u
—— 1001
- L —— -
c . — 50
Y e -
5 —_—— } N
> -3 3
) T R . — SER—— Ay
a 05 0 0.5 1 1.5

Arg=0.164 £ 0.047 Arg= 0.196 + 0.065
Arg(SM)= 0.05-0.09
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s CDF Afb

U6LIQLILFDQW GHSHQGHQFH RQ PDVV D

m F & | ——CDFData, 9.4
LL [~ —— -1 1 M
< 0.6 —— CDF Data, 9.4 fb , < L 4, =(155+ 48)x10* (GeV/cd)*
oy, = (25.3 + 6.2)x10 0.6 [~ — % brediction /

0.5E" — i Prediction 474 I ay_ = (3.4 = 1.2)x10™ (GeV/c?)” |
oaf =072 1.5)x107 i
E * 041
;P“ 0.2
| | | | | | | |

|
0 0.5 1 1.5 2 %50 400 450 500 550 600 650 700 750
Parton-Level IAyl Parton-Level M _ (GeV/c?)

0.2|-

0.1}

2.80 & 2.40 disagreement with SM prediction
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s DO Afb

U6LIQLILFDQW GHSHQGHQFH RQ PDVV D
ORW VWDWLVWLFDOO\ VLIJQLILFDQW

Forward-Backward Top Asymmetry, %

Forward-Backward Top Asymmetry, %

= _ 2 I Reconstruction Level
econstruction Leve
_ i m.. < 450 GeV
D, 5.4 fb? i
—e—
D, 54 fb? 7.84.8
| By <1 6.14.1
—e&—
CDF, 5.3fb* -2.2+4.3
. m.: > 450 GeV
I I I @ i
| 6y|>1 21.31 9.7 D, 5.4 fb* 11.5+60
S. Frixione and B.R. Webber, ) = ®
JHEP 06, 029 (2002) CDF, 5.3 fb™ 26.6+6.2
S. Frixione and B.R.Webber,
| | | | | | | | | | | | | | | | | | | | | JHEP 06, 029 (2002)
'10 O 10 20 30 | | | | | | | | | | | | | | | | | | | | | |
-10 0 10 20 30

Need to investigate with LHC data!
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MANCHESTER

2 Asymmetry at LHC

u?ZR GLIILFXOWLHYV DW /+& IRU PHDVXU|

[+& GRPLQDWHG E\ JOXRQ JOXRQ IXVLRC(
IJURP LOWHUIHUHQFH RI TXDUN DQWL TX

H&ROOLVLRQV DUH VA\PPHWULF SURWRQ
DV\PPHWU\ LQ VDPH ZD\

U6DPH SK\VLFV FDQ EH VHHQ LQ «FKDUJ

LHC

top |
anti-top y

Vel '] el

N( [y]>0)! N( [y|]< 0)
N [y|> 0+ N( |y|] < 0)
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MANCHESTER

2 Asymmetry at LHC

1I$7/$6 &06 PHDVXUHPAQWW>O! NCI<O

NC Jy|> 0)+ N( |y| < 0)

I ] I | I i l I I i I I 1 I

= 0.4—_| L I ) L L Y LB B B o i o
g - ATLAS w+ *4jets (*1btag) - %‘ i glz)/'fsb'1 at \s = 7 TeV —— Data
Eodsp Qu=toan” TWano 4 T | AL =0.004x0.010 - NHo predeten
0.30 _+_ 1 8 0.6[ lets ~
C 7 @) ~ .
- K ¥ | ~ B a
0.25 —+— 4 7 i . _
O.Zf— _+_ _f 0.4 ,_ i
o.15f— _+_ _ - . s was :
0.1~ E 0.2 _
- | - |
0.05F- | —— -
Qé||||_|2||||_|1||||O|||||:|L||||2|||||E), 0-2 ! ! ! ! -11 ! ! ! ! 6 ! L ! ! -; ! ! ! ! 2
Ay Alyl
Ac =-0.019 = 0.037 Ac = 0.004 = 0.01

Good agreement with SM
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MANCHESTER

2 Asymmetry at LHC

u$7/$6 &06 PHDVXUHPHQWY YV LQYDUL

WWEDU VA\VWHP o

¢ [om T
0.1 50 fo'at Vs =7 TeV EAG B
- |+jets —— NLO prediction
00.15r 2 -
< f Ldt=1.04f5" ATLAS 0.05
0.1 —e— Unfolded data . B ,
E % MC@NLO E 0 o
0.05[ - = i
i -0.05F —
Or . 2 - |
B C o b by by
0 05; N 300 400 500 600 700 800
Rt ? . m, [GeV/c?]
'0.1; ; (&) T T T T T T T T T T T T T T
. ] << 0.1—-CMS —e— Data -
B ] - 50fo"at s =7 TeV EAG -
'01 5 - |+etS . ..
< 450 > 450 Bt NLO prediction
m; [GeV] 0.05- l |
Good agreement with SM o | .
‘0.05_ 1 ! ! L | I I 1 I | I ! ! —
0 0.5 1 1.5
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1824 Tevatron vs LHC

u?HYDWURQ /[+& PHDVXUH GLITHUHQW T
FRPSDUH LQ WKH FRQWH[W RI UHDO QF

0.1

0.05

005 | |

.AFB
MGRPH PRGHOV DUH HIFOXGHG VRPH V)

|]]ORUH GDWD PRUH GLITHUHQWLDO PHD
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Top Properties:

Top quark mass
Top spin correlations
Forward-backward asymmetry
Boosted tops
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High pr tops

MSHFDOO WKH GLITHUHQWLDO PHDVXUHF

SDLUYV
%‘ 10 § Y data s
= L L NLO (MCFM) -
= F B NLO + NNLL =
5_10-1;_”“3 1~ Could see new physics at high
3 F det=2.os fo : Invariant mass.
gT10%F —
103L
% 15__ ....................................................................................................................................... —]
O 1 = | | | a
~ [~ | | ]
O F | :
2I ) T ) ]
- 15:_ ......................................................................................................................................... - )
g T | { ]
9 0_5:_ .................................................................................. e ]
> 300 1000 2000
< m. [GeV]
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High pr tops

J(ITLFLHQF\ WR VHOHFW WRS HYHQWYV L(

8 0.06_| I | I I I I | I I I I | I I I I | I I I I | |_
3 - ATLAS ectiets
gf 0-05:_ Simulation opsiets
<
0.04-
:OOOOOOO
0.03 :bOoC -
. OO /
. 0'".. i
0.02o oo -
: “+ # :
0.01; ?
:I | | | | | | | | | | |
0 500 1000 1500 2000 2500
M; [GeV]

Mark Owen

Top Quark Physics

/ EfPciency drops at high mass!



High pr tops

J(ITLFLHQF\ WR VHOHFW WRS HYHQWYV L(

8 0.06_| I | I I I I | I I I I | I I I I | I I I I | I ]
3 - ATLAS ectiets
gf 0-05:_ Simulation opsiets
< -
0.04-
OOOUOOQ
0.03:—0 %%OOO /
. o"'o. i
0.02o oo -
o R :
. —4—
0.01- ?
:I | | | | | | | | | | |
0 500 1000 1500 2000 2500
M; [GeV]

------------------------»‘-----------------------

Selection designed to
select well separated

decay products - I.e. 4 jets.

qO jet

/ EfPciency drops at high mass!

z-axis (beam
direction)

Mark Owen
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High pr tops

+LJK PDVV PHDQV ODUJH PRPHQWXP W
GHFD\ SURGXFWYV

b jet
g jet
Boost to lab frame
-5

Top rest frame

qO jet

u'HFD\ SURGXFWYV QRW QHFHVVDULO\ QF

For two body decay: W /{9: 1 ée_t’ EE 6 ~ \/WZ;WE
qu J€et, 1442

(for small angles)
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High pr tops

6ROXWLRQ /RRN IRU D VLQJOH ODUJH
GHFD\ SURGXFWYV

- —— e + jets, combined
SECETPED e + jets, boosted

- 20T g
b jet & igf.  ATLAS Preliminary Simulation E
1Y - Vs=8 TeV —
. S 161 u + jets, combined S
qO jet S 14 u + jets, boosted =
L

EfPciency recovered
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High pr tops

MSK\VLFV ZLWK KLJK S7 WRSV VR IDU P

b % (010 ] R I L B B =
o - ATLAS Preliminary -
q S 025K Simulation, Vs=8TeV -
N . Boosted -
e 78 (1.0 TeV)
e e Z0 (1.5 TeV)
2 - =20 (2.0 TeV)
g 0.15F --- 70 (3.0Tev)
- g 0.1:— ]
q H E H ] B 1 1
q' O(; R 401 T e TR T -:;J— ',"-.Z.J i :I)) ."-""----é:
. —~ 5 1 15 5 5
See CigdemOs lectures for —,

dedicated searches with top

H,QWHUHVWLQJ WR VWDUW PDNLQJ PHD"
KLIKBQG FRPSDUH ZLWK 4&" FDOFXODYV

Mark Owen Top Quark Physics



MANCHESTER

1534 Summary

u?RS TXDUN SURYLGHV D XQLTXH ZLQGR

LODQ\ RQJRLQJ DQDO\VHV DOO WU\ WR
TXDUN ZH VHH WKH TXDUN SUHGLFWHG

u_?RS PDVV VR IDU FRQVLVWHQW ZLWK :

H6SLQ FRUUHODWLRQV ILUVW QRQ JHUR
UHDOO\ VHH D «xEDUH- TXDUN EHIRUH LY\

JRUZDUG EDFNZDUG DV\PPHWU\ B6RPH G
7HYDWURQ H[SHULPHQWY OQRW FRQILU

u6R IDU WRS ORRNY 60 OLNH

/H9 /+& GDWD VDPSOH VWLOO XQGHU
UHVXXOWY VWLOO WR FRPH WKHQ PRU

Thanks to C. Schwanenberger for the graphics!
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Backup
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824 What mass do we measure?

u?RS PDVV RU WRS <XNDZD FRXSOLQJ

fio fio
L = \;i(tLtR_l_thL) my = \;5
LSW 1/2 PDVV EHFRPHV GHSHQGHQW RQ
VFDOH &

H&RQFHSW RI PDVV LV VFKHPH GHSHQGF
SDUWLFXODU UHQRUPDOLVDWLRQ VFEKF

< 805
<]
2

||||||||||||
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MANCHESTER

824 What mass do we measure?

M&DQ ZULWH UHODWLRQVY EHWZHHQ WKH

hep-ph/0001002

v

I\TS scheme

q

Need to know which scheme the MC uses.
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VAN Which top mass is in LO MC?

> matrix element in LO QCD

b
q v
t
v ¢
...... 6
q ¢ q
w -.
q
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VAN Which top mass is in LO MC?

> matrix element in LO QCD

b

q r666€ v

t
v ¢
000000 E

q ¢ q
W .o‘.

q|

¥ Parton shower approximates higher orders - but only for
soft / collinear emissions.

¥No OanswerO to what top mass is in the MC - arguments it i
close to the pole mass.
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VANCHESI™Which top mass is in NLO MC?

b
q .Ol Vv
=
-, w* f‘
000000 E
q ¢ q
w -I
q

¥Need to include diagrams as above - but not included in
OstandardO MC@NLO / Powheg.

¥Recent NLO calculation for full WbWb Pnal state should
help (but dilepton mode only...)
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