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The top quark

A quark that we CAN study very well (a nude quark, we can easily

Isolate its signature from that of other quarks, we can distinguish top and anti-
top quarks, we can study its polarization)

— a couple of slides of introduction

The LHC is in the middle of a very extensive top quark
phySiCS program (measuring the top quark production and decay, its
properties, and using the top quark to search for new physics)

— a brief review (declaration of bias: I'm an ATLAS member)

A future LC holds great promise for precision top physics
(the top quark is the only quark with a poorly constrained qqgZ/y vertex. Many ILC
studies are at parton level: must take these to a full-fledged feasibility study.

- the introduction to a progress report from a IFIC/LAL collaboration (see Jeremy
Rouene's talk for the details
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The top quark
Bibliography:
LHC:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
Zhou, Whiteson, Tait, Phys.Rev. D85 (2012) 091501, arXiv:1203.5862

Englert et al., arXiv:1210.2570
Bernreuther, top quark physics at the LHC (2008) R
LC: C
- contribution to DBD, see . Rouene's talk in this workshop
- Tesla TDR (2001) part lll on physics

- 2004 Report on the complementarity of LC and LHC

- CLIC physics report

- ILC Reference Design Report (2007): physics and detectors
- Letter Of Intent of the ILC experiments (2009) SiD and ILD
- Conceptual Design Report (2012) of the CLIC detectors
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The top quark

Roughly as heavy as

a Gold atom
QUARK MASSES

But the top quark is
elementary in the SM

Searches for contact interaction or exicted
states of quarks and leptons yield limits on

s‘Ih:{; compositeness (from PDG2012)
§ observable Compositeness scale reached [TeV]
8 L (eeee) O(10) (LEP)
L (eeqq) O(10) (LEP)
L (9gqqQq) 2.9 (DO) 3.4 (ATLAS) 5.6 (CMS)
e* - ey 1 (CMS)
I LCWS1o g - qg 2.5 TeV (CMS), 1.3 TeV (ATLAS 2010)
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The top quark at the LHC

Top quark production at the LHC

. ' RN 15 May 2012
- no obvious su prises ATLAS Preliminary Theory (approx. NNLO)
form, = 172.5 GeV
. . . Data 2011 —— stat. uncertainty
Cross-section combination ATLAS and CMS: — total uncertainty
Channel & Lumi. o,z *(stat) +(syst) +(lumi)
c.=173.3+2.3 (stat.) £+ 7.6 (syst.) £ 6.3 (lumi.) pb
tt o Single lepton  0.70 fb™ — = 179+ 4+ 9+ 7 pb
— 58 % preC|S|On (TOP'].Z'OOB'PAS) Dilepton 0.70 fb™ ._....._. 173+ 6“1 *Tpb
All hadronic - 167 +£18+78% 6 pb
1.02 b
Combination -—--—- 177+ 3 "5+ 7pb
New measurements E
T, +jets 1.67 fb” . 200+ 19+42+ 7 pb
T, + lepton  2.05fb” 186+13+20+ 7 pb
All hadronic * 168+ 12 "20+ 6 pb
AP | ] | |
50 100 150 200 250 300 350
S, [pb]
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Constraints on top quark structure

C. Englert, A. Freitas, M. Spira and P. Zerwas,

arxXiv:1210.2570 [hep-ph]

Constraining the top chromo-magnetic
moment using gg — tt

R [TeV*]/[10"¢ cm] k.|
Tevatron + LHC @ 7 TeV 2.9/0.57 0.17
Tevatron + LHC @ 14 TeV 2.1/0.41 0.07
LHC @ 14 TeV + boosted top 0.7/0.14 0.05

0.6

04

0.2

0+

-0.2 -

-0.4 +

-0.6

" LHC 7 TeV

Tevatron (CDF) i1 |

(—) S
PP —tt+ X

See also: Degrande, Gerard, Grojean, Maltoni, Servant, Phys.Lett. B703 (2011) 306-309

JLF

Marcel Vos (marcel.vos@ific.uv.es) 6



Boosted top quarks

http://cerncourier.com/cws/article/cern/50799

Tevatron run |l LHC 2012 LHC design High-energy LHC
txpectednumberofevents | jom-@1o6Tev | 20 @8TeV | 300f'@13TeV | 300 @33TeV
Inclusive tf production 60,000 4,000,000 200,000,000 1,400,000,000
Boosted production ' | | '
et 23 | 60,000 | 5,200,000 | 71,000,000
Highty boosted 0 480 110,000 3,900,000
my = 2 TeV

T T T I UL T LENLEL
ATLAS

= n -
tt resonance search using boosted ¢ (AR R :
top quarks. No new physics, but 8 F | § e
proof of principle for novel » T
reconstruction of high pT top quarks "¢ it E
Challenges — opportunities : /I
10°0~"""500 1000 1500 2000 2500 3000 3500
tt mass [GeV]
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Top quark charge asymmetry

Asymmetries in the production of third generation oz{

quarks has been an interesting area for decades

The CDF collaboration, “Evidence for a Mass Dependent Forward-Backward
Asymmetry in Top Quark Pair Production,” Phys.Rev.D83 (2011).

Ae‘?

041 — #NLOQCD

| o ff parton-level
CDF data 5.3 fb™

oo gfeee————

-0.2+

450 GeV/c? M;

©0.15¢

- det=1.04fb'1

0.1 —e— Unfolded data

. 0.05
Meaasurement of the charge asymmetry in i

top quark pair production.... 0%

arXiv:1203.4211

E % MC@NLO

ATLAS

-0.05

-0.1F

-0.154

< 450

> 450
m. [GeV]
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0.05

-0.151

-0.25

Charge asymmetry

_IIIIIIIII|IIII|IIII|II::TI|IIII|IIII|III“‘|_
C : : PE : .

-0.2f

» Z' (m = 400 Ge\) - inclusive
------------ Z' {m =400 GeV)
» Z' {m = 600 GeV) - inclusive

=== Z'(m =600 GeV)

Z'{m = 800 GeV') - inclusive

Z' {m = 800 GeV)

200 300 400 500 600 700 800 900 1000

m;; cut [GeV]

Impact on model zoo

-0.05

JLF

0.05

Inclusive

" ATLAS ‘ o

I ATLAS |
I | | 1 | | 1 | 1 1 | | 1 I 1 | | | 1 | | 1 | | 1 |
0 0.1 0.2 0.3 0.4
AFB
CCLIC LLWSLZ

05—

0.15

0.1

-0.05

m, > 450 GeV

A. vs. mass for Z' model (V. Sanchez, A. Hyaya)

Inclusive measurement and two mass bins
(<450 GeV, >450 GeV)

M. > 800 GeV

(Tevatron and LHC) (LHC only)

LA L B B B N 1 T T T T T 1 || T T T 1 LB L LI L L L B L L B L ]
[ ATLAS - ]
I . JA Aguilar 1
__ W’ & .ﬁi«gﬁ __ E
- b seaner L 4 .
- ;-:'<'==' “%z{}g"’ i .
— _| ) :
o ] < ]
l . B st o
_| coa e v Iy I T 1 TR A IO |_ 1 P i |_
0O 01 02 03 04 05 06 07— 03 04 05 O
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Measure the angle between the

charged lepton (from W - Iv) and
the reversed momentum direction
of the b-quark (from t - Wb), both
boosted to the W boson rest frame

Top decays

0.2

0.1

ot
0.6 :
os]
0.4 :

0.3

V, =1 and g,=g, =V, =0 SM

v

F

0:

/I

0~ tot

F=L /T

tot

(rescaled)
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Top decays

4‘2 ;I T T | T 1 L L \; — T T T T I
%2000: ATLAS single lepton channels - ATLAS JLdt=1.04fb'1 F F F,
> [ . ]
UJ1800: det=1-04 b lng;ﬁ, N B NNLO QCD
- ---- SM exp. ] Combinati
1600: ........ Bkg best fit : P DZ:; (Ilrzjalllzo;:)
— Unc. best fit 7 R L0
1400__ . Template (single leptons) e A
1200 . ] Template (dileptons) e Sl S bkt
u - Asymmetries (single leptons) - O
1000 :— Z —: Asymmetries (dileptons) i A
B i Overall combination A
800 = e B A
B 2 0 0.5 1
600 P Z W boson helicity fractions
- :
400 =
200 ..o ... I
0: ] | | | ‘ | | | ‘ | | | | ] | .
_1 _0-5 0 0-5 1 & 1; o o i
cos 0* o [ ATLAS 68%CL ]
o - ]
0.8 95% CL ]
0.6:— .[Ldt= 1.04 fb_1 allowed regions _:
F,=0.67+0.07, F, = 0.32+0.04, F, = 0.01 + 0.05, >4E E
in agreement with the Standard Model predictions. 0.2 E
ofF -
Ideas exist on how to proceed beyond helicity fractions  ,,- =
J.A. Aqguilar, J. Bernabeu o ol ToPFt V=1, V=0 ]
T ha T Tz o 02 04
Re(g)
n'lﬁ ‘h 11
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tty, ttZ

LHC measurements of the rate of top pairs production in
association with photons or Z-bosons:

tty
c=2.0=x0.5((stat.) £ 0.7 (syst.) = 0.08 (lumi.) pb
(1/fb, ATLAS-CONF-2011-153)

ttZ
c < 0.71 pb (95% C.L.)
(4.7/fb, ATLAS-CONF-2012-126)
s =0.3%" (stat.) **  (syst.) - 3.66 ¢ significance
(5.0/fb, TOP-12-014-PAS)
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Same sign top/4 top production

Same-sign top production (tt, tt) 1§ O BT T
E. Berger et al, arXiv:1005.2622 [hep-ph] - ATLAS = i
S [ my=1Tev é ]
t : : 0%k _ %—_
> /
|C|_3 B m., = 100 GeV ]
N N S S S
® -
= _ ATLAS inclusive 95% CLT . _ _ _ ___3
u
: 1 b
(Al S 7 E
g N o
\ L Four-top ° :SM — Prediction from Z(’J
prOdUCtlon 10-1..|..\‘. Lo b bbb e
0 01 02 03 04 05 06 0.7 0.8
Acg (Mg > 450 GeV)
pp—)t?tf
. N\ —gxxmodel @ 14TeV
(fb-level in SM, possibly enhanced by tt - tt e 7 modd © 10 Tev

—SM @ 14 TeV

contact interactions, or top-philic resonances)

Pomarol/Serra, G. Servant, M.V., arXiv:1005.1229 [hep-ph] i— il

Limit derived from negative result of same-sign 001

top search: s (tttt) <1pb. | e

>> SM rate, but strong enough to constrain BSM R 2000

Mz, Mg . A (GeV)

enhancement
Zhou, Whiteson, Tait, Phys.Rev. D85 (2012) 091501
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Top quark structure at a future LC

tt production at a LC:

e+t t

c6~0.6 pb
at Vs = 500 GeV
~0.2 pb
at Vs = 1 TeV

WED
o - 7 T — 1 1 T T 1 T ] T
Detailed study of tt production at LC may _
greatly enhance the sensitivity to BSM 08¢
physics —
'E' 0.6+
@ |
Example: Warped Extra Dimensions at LC 3 TeV = o4/
F. Corradeschi, LCWS10, arXiv:1202.0660 o Including tt ;..
M. Battaglia, LCWS11 - It
T T S
Mass reach [TeV]
l.lp d-h LCWS12 Marcel Vos (marcel.vos@ific.uv.es) 14

JLF



Fltl y.Z) =le

Top quark couplings

G SIS

(Pt_Pf)u

[FY’ +FY’ Y

th

Parton-level studies show how measurements on tt production at LC

(o, A, A ...) constrains the form factors F
Form factor SM value LC prospects
Vs = 500 GeV
F. 7 1 1.9%
F. 2 1 1.6%
F 7= (g2, 9 11% TESb LA TD|R ]
to be explored in
Re F,. 0 0.7% P . .
; complete studies with
Re d: 0 4% , , ,
. detailed simulation
ReF,’ 0 0.8%
Re d? 0 5%
ImF,, 0 0.8%
Im F,,2 0 1.0%
lﬁ m LCWS12 Marcel Vos (marcel.vos@ific.uv.es) 15

JLF



The program

Find enough observables to constrain the most general tt y/Z vertex
- using the control over the polarization that an LC can offer
- using different center-of-mass energy

- Many ideas have been around for a long time. For polarization
studies, for example, see Godbole et al.

Check with theorists that they can be reliably predicted

Ensure that they are experimentally well under control
- tt events are a bit more complex than u'u or bb events

- we don't want to just count them; we need to be very sure that we
can reliably reconstruct angular distributions

- let's not take for granted that the statistical error dominates

il AN
o
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Disentangling yand Z

r'r‘ 0.4:I I I I I I I T I I I I I I T | I I I | I I I | I: r'\"_‘ 0.25_| I I I I | I I I I I I I I_
E 03E unpol. beam 3 > - Vs = 500 GeV -
r: 0 25_ ® pol. beam E r-L: 0.2:— B \VS-500GeV&\s=1TeV -
~ e - e - —
= 0.1 \Js = 500 GeV = = 0.15F pol. beam -
¢ WA ERR SN f
S OF E S 01 =

0.1F = x = ]

- ] 0.05/ -

0.2 = - ]

0.3F = of- E

04E E -0.05[ -

_0'5;_..|...|...|...|...|...|...|_; - | | | | | ]

_04 _02 0 02 04 06 08 _.I '0.1 1 I-O.ZI | 1 I-Ol1l 1 1 | 0 1 | 1 IDl1I | | I0l2I | | IO”?)
33 2 -2
Re(Cw) A7 1Tevr Co¥ 1 A? [Tev?)

Constrain and disentangle all operators (anomalous couplings) using:

- polarization to distinguish photon and Z contributions

- center-of-mass energy to distinguish vector (y) and tensor (c*¥) terms

CAVEATSs:

Simplified setup, only two operator strengths varied at any one time
Experimental uncertainties based on preliminary estimates
From: J.A. Aguilar et al., arXiv:1206.1033
."P LCWS12 Marcel Vos (marcel.vos@ific.uv.es) 17
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Full simulation

Fully hadronic tt events are a benchmark channel in SiD and ILD LOI

] ] Kinematic fit:
Basic selection:

isibl AT
* visible energy . _
* number of (charged) particles .rEnW — 588(.)4(3(;;/\/
* Y (6 ]etS) -PZIS: P =P,=0
* \W-boson mass Efficiency: 31%

Efficiency: 51%
Purity: 69 %

8000

mmmmm  Combined Charge b-bar quark

7000 Combined Charge b quark

6000

Excellent flavour tagging, vertex charge and jet
charge determination allow to reconstruct the A_.*

5000

4000

(and that of b-quarks in tt events) to ~5% 3000

Lepton + jets final state offers better distinction of t 2000
and t directions 1000 e e e ]

| | L
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
Cos(theta)

i AR
o
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Work In progress

Revisiting the parton-level study for the Detailed Baseline Design

LAL/IFIC preliminary results
The impact of experimental errors
See talk by Jeremy Rouene in this session

Cross-section and helicity 0.1 { ]

angle distiributions for two 009 true [, | — true

bea_m_ polarizations are s | —— reconstructed o1-| — reconstructed
sufficient to constrain 4 - i

0.07F ]

form factors 0.08

0.06F
0.05F 0.06

0.04[

C 0.04
0.031 L

0.02 B
C 0.02[

oof Helicity angle - top polar angle

| L1l ‘ [ | L1 | L1 0 _\ | | 11| | 11| ‘ 11| ‘ 111 ‘ 111 ‘ [ | [ | [ | 11|
02 04 06 08 1 -1 -08 06 -04 02 0 02 04 06 08 1
cos(6,,) cos(6,,,)

07\\I‘II\‘II\|\\I‘II\‘I\\
-1 -08 -06 04 02 O

Full simulation in ILD concept to understand experimental challenges and estimate systematic
errors. Preliminary: migrations due to ambiguities in tt reconstruction can be controlled at an LC

;lp LCWS12 Marcel Vos (marcel.vos@ific.uv.es)
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Work In progress

Revisiting the parton-level study for the Detailed Baseline Design

uncertainty
—

-
=
-

102

l LHC (hep-ph/0601112)

l LC (preliminary)

Zz Zz
F1A F1A

Assumptions:
LC: Vs = 500 GeV, L = 500/fb
P(e’) = 80%, P(e*)=30%

LHC: 14 TeV, 300/fb
LAL/IFIC preliminary results

Extension to other parameters
under way

top polar angle

"’IE &ID LCWS12
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Summary

The LHC is rapidly improving its characterization of top quark
production and decay

IFIC and LAL are taking old TESLA and Snowmass studies to full
simulation level

Discovering significant experimental challenges AND finding ways to deal with them
Confirmed so far:

- that polarization allows to disentangle yand Z

- that excellent precision can be achieved
_ Y-Z Y-Z _1o0

LHC and ILC are complementary (with some overlap). The ILC precision for
the tt g/Z vertex is unrivaled.

More results in Jeremy Rouene's talk in a minute!

il AN
o
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Future ete- colliders

— Superconducting RF cavities are In
the industrialization phase and
routinely reach gradients well over
30 MV/m. ILC is shovel-ready.

— Still higher gradient (~100 MV/m)
can be achieved using drive beam
concept. CLIC can open up the multi-
TeV regime.

160,
T 140

v/

M

N

(=]
T

1 L] S e ol ............... :

(o)} (o]
o (=]
T

~
o

Accelerating gradient (

N
(=]
T

OO

20 40 60 80 100 120
Power in accelerating structure (MW)
LC technology exists for a low-energy
machine (Vs ~ 250-500 GeV)
R&D is ongoing for Vs ~ 1-3 TeV

)
N

R&D around the globe
Non-exhaustive list of test facilities:
ATF@KEK, nm size, low emittance beams
CESR/IT@Cornell (electron cloud)

, drive beam

, cavities

Contributions on 07/07 in TR14:
Steinar Stapnes, the CLIC project
Phil Burrows, beam feedback
Jenny List , polarimetry

Tony Hartin, spin tracking

i @
o LCWS12
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LC detectors

LC environment and detector R&D

allow for a big leap in performance
® Signal and bkg x-sections of similar magnitude
¢ Well-defined initial state (CM energy, polarization)
®* Triggerless read-out
® Background confined to innermost detectors

ﬁ“l—-—-—_

1000 r=r——7

Particle Flow: highly granular calorimetry inside a large 3.5-5
Tesla solenoid allows to follow every single visible particle
produced in the collisions from the cradle to the grave — best
possible estimate of the jet energy: AE/E~3-5%

500

y/mim
=

Transparent and precise tracking/vertexing:
A(1/p;) ~ 10 GeV!

A(d,) ~ 5 @ 10-20 / (p sin** )

-500

_1 DDD 1 1 1 1 1 1
500 1000 1500 2000 2500

®fmim

Detailed Geant4 model and sophisticated Contributions on 07/07 in TR13:
reconstruction software allow realistic Tomohiko Tanabe on ILD

" Andy White on SiD
estimates of performance Frank Simon on CLIC detectors

."ﬁ LCWS12 Marcel Vos (marcel.vos@ific.uv.es) 23
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Charge asymmetry

> L | Tl | L I L | L | L I | L
[«}) - 4
31200__ ATLAS e+24jets (2 1b tag)
N - j L dt = 1.04 fb’ —e—data 1
7] - [ ]tt :
E 1000 W+jets I
S [ 7 W Z+jets i
u w Diboson .
800 Il Singletop |
A Bl Multijets ]
L 772 Uncertainty -
600/ .
400:— ~
1 i

T
g

200 250 300

100 150 350
p,(ff) [GeV]

1400 I | | L | L | T 1T | T T T7 I LI I__ E

. ATLAS e +>4jets (= 1 b tag) g

1200( | L dt = 1.04 fis" —o- data 4 £

B Cl tt 7 5

i Wijets 1

1000 I Z+jets - c

i . 1 ©

i Diboson i o

- Il Single top - &"
800_— Bl Multijets a
L 77/, Uncertainty |
600 -
4001 -
200 -
3

ir @

JLF

B>
=<
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N
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o

1
—t

1
N

3
1 2

Clean tt selection, mostly close to threshold

No attempt to enrich qq initiated production
beyond binning in m,,

L T T T T | T T T | T T 1T ‘ T T 17 | [ ‘ T 1T |
T ATLAS Simulation ]
L u |
B — ]
L I _
L . e+>4jets (>1btag) |
L | L1 | | | | | | | | | 1l ‘ 1 | | | | L1 | 1 ‘ | 1 | | i
3 -2 -1 0 1 2 3

Generated Aly|

o
W
a

1/c do/dAly|

o
w

0.25

0.2

0.15

0.1

0.05

0

— ATLAS
Ldt=1.041fb"

1

T+
JF

e+>4jets(>1 btag)_:

@ data
22MC@NLO
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http://arxiv.org/abs/1203.4211

M,, [GeV]

How important is the top mass measurement?

80.60

80.50

80.40

80.30

[Heinemeyer, Hollik, Stockinger,
Weiglein, Zeune '12]

- experimental errors 68% CL.: ]
LEP2/Tevatron: today i

M, =123 .. 127 Ge\

M, =127 GeV MSSM, M, = 123.127 GeV L

SM |
Heinemeyer, Hollik, Stockinger, Weiglein, Zeune 12

168 170 172 174 176 178
m, [GeV]

80.39
80.38

80.36
80.35
80.34
80.33

|III\IIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIII

= mW (‘;lop maés]
—— Z pole (+top mass) |
~—— mH = 125 GeV :

:llllillllillll L1 1 1 ||||i||
80.3¢68 160 170 171 172 173

o
o
e
¥}

80.41
80.4

W Mass (GeV)

80.39
80.38
80.37
80.36
80.35
80.34

80.3

11 I 111 1111 18 1 1 I 11 1 1
174 175 176 177 178
Top Mass (GeV)

; mW (-I;top ma;s}
—— Z pole (+top mass) |
—— mH = 125 GeV

m_l[l]|[|] |1|r|1|r|]|r|1|r|1|[|1|r|1|r|]|r|1|r|1|

IIlilllliIlllillllilillilllliIIIIiIIIiiIIIIiIIII
169 170 171 172 173 174 175 176 177 178

Top Mass (GeV)

CMS-NOTE-2012/003; must be accompanied by better m,, measurement

I
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How important is the top mass measurement?

[Degrassi, Di Vita, Elias-Miro,Spinosa,Giudici '12,
Alekhin, Djouadi, Moch '12]

LB e 06 ,
> [ Instability - ﬁ ﬁ;:ﬁ._;-f?f’"ﬁ{: e 'I-yf-[_eta—stﬁbil'}ty, o I
= s e oA 2007 Instability
gamop o 1 150+ A Z
s [ Stability : : a@f% S
: : W I
T 120 125 130 135 ] L S
| | 100 Stability =
Higgs mass M, in GeV ; 8—*
o =
The dominant uncertainty is experimental 3 I <
[...] mostly from the measurement of m.. = 50f <
[...] will remain the largest source of
uncertainty [at the LHC]. If no new physics
other than the Higgs boson is discovered at (O e e —
the LHC [thlS] prOVideS a valid motivation for 0 50 100 150 200

Improved top quark mass measurements,
possibly at a linear collider.

Higgs mass M}, in GeV
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CLIC preliminary Martinez, Miquel, EP] C27, 49 (2003]
o 0.1215 T T T T T T

[ TOPPIK NNLO + CLIC350 BS + ISR ]
— Simulated data: 10 fb /point

B - i i 0.1195 - -
-— Top mass=* 200 MeV m 0116 | i K i
B L | 0.119 —

! | ! ! ! | ! ! ! ! | ! !
17395  174.00  174.05 s Lo e Lo oo llop e o il o

S 7
Top quark mass | : s T
0.120 - o 4 2 0121 | o
I 5 | \ _
- ] i | > 0.1205 |- -

0.8 it threshold - 1s mass 174.0 GeV — 0118 eV;0.1179] | § - i !

i 3 o L 1

Q

n

Cross section [pb]
o
(@))

0.4:— top mass [GeV] 174.98 17499 175 1?5.01 1I?5.c:
3 Stat. error fop moss (G
0.2 - 20 MeV | New results corroborate old studies and
‘ extend these findings to a machine with
O =545 350 355 a very different technology

Nominal CMS energy [GeV]

Measurement in the continuum (Vs = 500 GeV) is possible with a statistical error
~ 50-100 MeV (ILD/SID, CLIC CDR). This measurement is affected by the same
type of systematic uncertainties as Tevatron/LHC

A precise measurement O(100 MeV) with a rigorous interpretation is
achievable at a low energy linear collider

il A

JLF

LCWS12 Marcel Vos (marcel.vos@ific.uv.es) 7



Experimental status — Top-quark mass

Tevatron

LHC

LHC m,,, combination - June 2012, L_=35pb"'-4.9fb"
Lepton+jets Runll CDF HQH 173.00 + 0.65 + 1.06 GeV ATLAS 2010, l+jets . - . ,
Eiln et St 4 —_ 169.3+4.0+4.9
Lepton+jets Runll D@ HoH 17494 £ 0.83 £ 1.24 GeV ATLAS 2011 i
Lepton+jets Run| CDF +E——+ 1761 + 51 +53 GeV LL R —— 1745+ 06+ 2.3
Leptontjets Runl D@ —— 1801 + 36 * 39 GeV ATLAS 2011, all jets
’ — ———y 91+ 2.1 3.
Alljets Runll CDF H-ofH 172.47 + 1.43 £ 1.40 GeV L_=2®", (®CR, UE sys 1749121138
Alljets Runl CDF o 186.0 +10.0 * 57 GeV CMS 2010, di-lepton _— @& —t 1755+ 4.6 + 4.6
Dileptons  Runll CDF ——o—+H 170.28 + 1.95 + 313 GeV "‘_HS::LUM ; I:v— e
CMS 2010, [+jets ‘
Dileptons  Runll D@ o n 174.00 + 2.36 + 1.44 GeV ol q ———— 173121+ 2.7
Dileptons Runl| CDF G 167.4 £103 + 49 GeV CMS 2011, di-lepton .
Dileptons  Runl| D@ © 168.4 +123 + 36 GeV 23R CR, UE syst @ 173.311.212.7
E +jets Runil CDF H—ofH 172.32 + 1.80 £ 1.82 GeV CMS 2011, u+jets + -
v N o —— 1726+04+15
Decay length Run Il CDF o 166.90 £ 9.00 £ 2.82 GeV
LHC June 2012 —— 3 1733205+ 1.30
Tevatron Combination 2012 HOH 173.18 £ 0.56 £ 0.75 GeV X /dOf = 2'5/6’ prob = 86%
. Tevatron July 2011 s 173.2+0.6+0.8
R + (stat.) = (syst.)
| 1 | | 1
170 180 190 150 160 170 180 190
m,,, [GeV]

Mass of the Top Quark [GeV]

Top-quark mass measured to high accuracy

e
T
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How well do we know the top-quark mass ?

Color reconnection: [Mangano, Top workshop, July 2012, CERN]

Am =2 500MeV “
[Skands,Wicke ‘08] %

measured mass <> pole mass:

Myc — Mpge (1 = A)

A~0.13%
m
* Renormalization scheme not fixed (only LO theory) A = I ~0.8%
= Pole mass intrinsically uncertain > A-QCD "
= Color reconnection % ~ 3.7%
."P LCWS12 Marcel Vos (marcel.vos@ific.uv.es) 29
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Recent measurements

ATLAS CONF-2011-054, 35 1/pb

— 500

0 =
'E." 450" ATLAS Preliminary,J. L=35pb™
o, F ] ,
400— == c(pp — tt+X — l+jets+X)
— — Measured dependence of ¢
350k —— NNLO approx. Kidonakis
- —— NNLO approx. Langenfeld et al.
300 NLO+NNLL Ahrens et al.
2501+,
200k e ey
150  RGNG el
100—
- Lepton + jets
50— P J =~

a0 60 180 200
Top quark mass [GeV]

Approx. NNLO x MSTWO0SNNLO  mP°" / GeV

CMS-PAS-TOP-11-008, 1.1 1/fb

CMS Preliminary, Vs=7 TeV, L=1.14 fb"

approx. NNLO x MSTWO08SNNLO:
/T Langenfeld et al.
Kidonakis
Ahrens et al.

400

Langenfeld et al. 166.470%,
Kidonakis 166.2778

Di-Lepton
200
- [ ] Measured cross section S
@® Cross section corrected for m"’Dle (Langenfeld et aI )
|:| Measured cross section dependence on mMC
0 | | | | | | | | | | | | | | | | | | | | |
140 150 160 170 180 190
m'°°"°- (GeV)
Approx. NNLO x MSTWO0SNNLO me’le / GeV  mM® / GeV
Langenfeld et al. 170.37¢53 163.1729
Kidonakis 170.077% -

. —

Pair production cross-section measurement at the LHC yields a top quark mass determination

Rigorous interpretation possible, but the

precision of this procedure seems to be limited:

"'I dlb LCWS12
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Alternatives at the LHC

[Work in progress S. Alioli, J.Fuster, A. Irles, S. Moch, PU, M. Vos]

To enhance mass sensitivity study: o 0.3
% -
S 0.25)
dn3 o 1 tht_—HJet
d_(mPole) — J (mPoIe) 02
pS th—|—1Jet pS 0_15f
2WLO 0.1E
\/Sti+1Jet 0.05¢
“1 - Distance from g- el T NSNS
threshold” 1 02 03 04 05 06 0.7 08 09
Source of Impact on the )
uncertainty top quark mass
Theoretical [R'ZUEU[NE ~ 0.4 GeV
1 WSy e LN PDEF choice ‘ ~ (0.2 GeV > 1 GeV??
Exnerimental MC comparison [ 2 fe el
o JES ~0.8 GeV
ncertainties : - Interesting alternative
e G atistics (5 fb-1) ~1.2 GeVlP, 7

Hig
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Top quark mass - Threshold Scan at LC

The shape of the top quark pair production cross section around

threshold offers sensitivity to top quark mass, top quark width and

the strong coupling constant o,

Threshold shape is partially washed out by ISR and beam energy spread.

Larger beam energy spread at CLIC has ~15% effect on precison of the fit

E 1.2 _I T T 7 T T 7 =TT T LI L . LI L ] E 1.2 T T T I ——— T L - N ]
e i 1 2 [ 4 i
= - tithreshold - 1s mass 174 GeV ILC350 1 < -~ tithreshold - 1s mass 174 GeV CLIC350 i
[s /= —TOPPIKNNLO | o /= —TOPPIKNNLO _
] — 1SR only 2 —ISR only
@ - —ILC350 BS only o | —CLIC350 BS only i
& 98 —icasoBs+sm ' & 98  —clLicasoBs+sR ]
G _ 1 G B |
0.6 — 0.6 — |
0.41— ] 0.4 —]
0.2 _ 0.2l N
D L1 I 1l I | 11 | I 1 1 | L1 I L 1 I 1 1 | 1| D | [ | | I | | I | I [ I [ | 1 I | 1 I | [
342 344 346 348 350 352 354 356 342 344 346 348 350 352 354 356
nominal cms energy [GeV] nominal cms energy [GeV]
e AN i 32
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ILC

J.A. Aguilar et al., Top effective operators at the ILC, arXiv:1206.1033 (see talk by M. Fiolhais this afternoon)

Ztt and Wtb vertices share two effective operators:
O*  (which contributes to the magnetic dipole moment)

3,343
O 0Q

X-axis range: ATLAS limits from t-channel single-top x-section measurement (assuming
no other BSM contribution to single top production at the LHC)

E T T ] E_OISZ_I_I T T T 17T ' T TT | L T TT1 I T TT T 1T T T 1771 T I__
2 0.85 - < B ]
o F . 0.34F =
0.8 ] - \'s = 500 GeV .
- s = 500 GeV ] '0'36:_ unpol. beam B
0'?5:_ unpol. beam = -0.38 -
0.7 — 0.4E _
0.65F = -0.42 -
0.6F = 0.44F E
0.55 -0.46;— —;
= 3 0.48F -
0.5F = T | | Lol | [y ]

t Ll | I AT AT A -2 1 0 1 2 3 4 5 6

p 1 0 1 2 3

4 5 6 C(3.3+3)

2 -2
0 I AS [TeV™]

c:f;'m I A2 [TeV]

e
T
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ILC

J.A. Aguilar, M. Fiolhais, A. Onofre, Top effective operators at the ILC, arXiv:1206.1033

Ztt and Wtb vertices share two effective operators:

O*  (which contributes to the magnetic dipole moment)

O3,3+3
0Q
X-axis range: limits derived
from the ATLAS measurement
of the W helicity fractions
E 1 1—_| I I T I I T I I I I I I I I I I I I I I I I I_: E B -
- - ] < B 7
o — 7 = |
1= —] - .
: — . -0.3 — —
0.9 NS =500 Gev = N \S = 500 GeV ]
- unpol. beam - B unpol. beam i
0.8 - -0.351— .
0.7F = - §
0.6 — B _
0.5 = 0.45F -
0.41- . - -
i | | [}l 8‘| | | []l 6I | | Ol 4I | | Ol l2I | | (l) | | IO|2I | IO|4I ] -0.5 | | | I | | | I | | | | | | | | | | | | | | | | | | . | —
o e I o ' : -1 -08 -06 -04 -02 0 0.2 0.4
33 2 -2
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