Understanding the top quark
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* Top quark was discovered at Fermilab in 1995 104 ~
* Its mass was found to be much larger than the one of any other 3
fermion 10 |
> 2 |7
* In fact, so large that its lifetime (10-25s) shorter than o 10 |
hadronization time (10-24s) so only quark that decays before @) "
hadronizing & 10 b
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* Unique opportunity to study the properties of a “bare” quark! 10-10 ‘Vu
* Its “heaviness” suggests a special role in the electroweak -11
. . 10 Ve
symmetry breaking mechanism
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A SPECIAL RELATIONSHIP

* Higgs coupling to fermions not established yet

Only fermion with
coupling strengh

— proceeds via a different lagrangian - interesting!

* Top is the only quark with large coupling to Higgs

boson

* Our current indirect knowledge:Y: = +/2Md/vev =
0.996%0.005 using latest Tevatron and/or LHC Mtop

— Does Y=| mean a special role of the top quark in
EWSB!?

* we know very little about flavor and top

* In most natural models top is linked to EW
symmetry breaking.

— Sets indirect contraint on Higgs mass
— Creates the hierarchy problem

— Is involved in its solutions: SUSY (stops)
composite Higgs (top partners)
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FROM TEVATRON TO LHC

~O(1075) tops produced, at Tevatron, about 1074 analyzed at the Tevatron

~QO(1077) tops produced at LHC (7+8TeV), yet to analyze full datasets

proton - (anti)proton cross sections
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VWHAT TO MEASURE
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WHAT TO MEASURE

' Mass, charge,Awidfh, spi ] -
correlation, alpha_s, jet | Top—antltop@S TeV
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WHAT TO MEASURE

' Mass, charge, wndfh spm ‘
correlation, alpha_s, jet | TOp antltop@8 TeV
shapes, forward- | 000,000 t
backward asymwmetry, |
FCNC, B violation, CPT | 100000
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WHERE TO MEASURE IT
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WHAT TO MEASURE

- Mass, charge, wndfh spm

correlation, alpha_s, jet | Top antltop@8 TeV

shapes, forward- | 1,000,000 t
- backward asymwmetry,

FCNC, B violation, CPT | 100000 | ,,
vnola’non - ] Backgrouuds to NP couplmg ii

10,000 fb F ttg d on’ro’rop —
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Top Yukawa magnitude |

1,000 b}
’ ttw ttZ PE—
100 b

WHERE TO MEASURE IT
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TOP, HIGGS, AND ALL OF US

* W,Z, even Higgs(!) masses already known with amazing precision: 10-3 to 10-5 precision, no
ambiguity on mass definition

* Measuring a quark mass is a pretty different business

* Precise top quark mass provides additional predictions: mH=94+24GeV
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 predicted Higgs boson to be within |sigma to where we found it!

* knowledge of Higgs mass allows prediction of Mtop to 1% level: Mtop=175.8+2.5GeV




NEW ATLAS MEASUREMENT

* Typically most performing analyses fit to ATLAS-CONF-2013-046
— an observable sensitive to Mtop

— an observable sensitive to Jet Scale Factor(JSF) in order to limit its systematic

* ATLAS adds a third observable, ratio between Pt of b-jets and Pt of light jets, in order to limit
the effect of bJSF
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R T T P R Mass of the Top Quark
I E C O E S U L | S March 2013 (* preliminary)
CDF-I dilepton ¢ 167.40£11.41 (£1030 4.90)
. . D@-| dilepton ¢ 168.40 +£12.82(+12.30+ 3.60)
* A very long story...and one still on the making . o |
CDF-I! dilepton 170.56 +3.79 (2.19:+ 3.09)
. ——
. . D@-Il dilepton 9 36 + o
* All four collaboration measured Mtop directly by 74002276 i1 |
. —
. . CDF-l lepton+jets 176.1047.36 (5104 5.30) ™M
reconstructing (in several ways) the top resonance n
. . D@-l lepton+jets 180.105.31 easossen) | Q
in all the main ttbar final states , ] | i
CDF-Il lepton+jets 172.8541.11 (:0.52+ 0.98) N
® T i ” .d i b I CMS i D@1l lepton+jets > 174.94 +1.49 (+0.83+1.24) >5
evatron sti providing est results, gives SRELAT R s
. °
. CDF-I alljets 186.00+11.51 (+10.00+ 5.70)
single best result per channel
CDF-ll alljets 172474207 (+1.43+1.49)
. . . e
* All collaborations agree remarkably well (within | CORIbirack 166902946 (0001220
. . * -.._-
sigma) with each other COFAIMETwets 173954185 (1135%129
Tevatron combination * ] 173.2040.87 (:051%0.71)
(= stat = syst)
¥2Idof = 8.5/11 (67%)
| | | | | |
150 160 170 180 190 200
My, (GeV/c?)
ATLAS m,,, summary - July 2013, L_ =2.05 fb” - 4.7 fb” (“Preliminary) - —
ATLAS 2011, all jets* ) . ® N
CONF-2012-030, L =205fb" 174.9 = 2.1 = 38 CMS 2010, dilepton 175.50 = 4,60 = 4.52 GeV
" JHEP 07 (2011) 049, L=36 pb' (value + stal = syst)
i * . —
ATLAS 2011, I+jets CMS 2011, dilepton +
@ conmans o, 1 =478 Pttt 172.31+0.23 £ 0.27 = 0.67 = 1.35 S 2 L, Pt 72501 0431148 GeV
. -
ATLAS 2011, dilepton, m * CMS 2011, lepton+jets 173.49 = 0.27 + 1.03 GeV
@ conrs0r0T L _”F:b.‘ ° It 173.09 + 0.64 +1.50 JHEP 12 (2012) 102. L:5<]th' (vaue + stal = sys)
P =stat. = JSF = bJSF = syst. — - 4
CMS 2011 all-jets 173.49=0.69+1.21 GeV o
CMS Average September 2012 [arv— Submitted to EJPC, L=3.54 (value + stal £ syst) .
178.36 % 0.383, + 091 rp5yst _— x: ;)l:lcsel?a@"l‘:JVSF uncertainty _ e
— total uncentainty CMS combination . 173.54 = 0.33 £ 0.96 GeV
Tevatron Average May 2013 HOH Submitied 1o EJFC, 1p o L=5.0 i A,,r‘;
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ATLAS Preliminary A 0 MERE 5N 0 TR GV
| | | | | | | | | PRI RS S S S RS S S S S SR SN SN SR S S "
155 160 165 170 175 180 185 190 [(3195 165 170 175 180 185
m, [Ge
hop m, [GeV]

Fabrizio Margaroli Il




MTOP VIA B LIFETIME  crsestorizos0

* Boost of b-quark correlated with mt y

Lyy = BB = 0.4+ = BBTH. |

* Technique similar to previous CDF publication:

— take the Lxy of the b-jet L"’..".’
— (@good approx linear dependence from Mtop - J.,"
V & (]

— extract Mtop from median Lxy
CMS preliminary, (s=8 TeV, (L=19.3-19.6 fb"

u+jets channel

CMS preliminary, Vs=8 TeV, [ L=19.3-19.6 fb"

CMS preliminary, Vs=8 TeV, [ L=19.3-19.6 fb”
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* Mtop = 173.5+1.5(stat) +£1.3(syst) +2.6(top pt)GeV
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¥ MTOP (AND ALPHA S) FROM SIGMA

Cross section dependence on s and mPOIe is used to constrain the strong coupling constant
or the top quark pole mass.

* Pole mass determination complementary to direct top mass measurements (different
systematics and theoretically well defined).

Vs =7 TeV; mf°® = 173.2 GeV \s=7TeV; (xs(mz) 0.1184
:'\ [ T T T I T T Ll ] T Ll v l T T L l v T T ' ;F ¥ T I T T Ll ] 3 “"T ) | T . [ E . g I T Ll T § T l' . Y j LT LB I' Ll [ 3 7 Ll B
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[ -@- Top++2.0,CT10 : ] [N\, = ! £ - Top++20,CT10 3
200 .. Top++ 2.0, HERAPDF1.5 = “ 200>, \.\ EiZ Top++ 2.0, HERAPDF1.5 —
- -.m-- Top++ 2.0, MSTW2008 SSRE T e S e Top++ 2.0, MSTW2008 -
180|— ==& Top++ 2.0, NNPDF2.3 e = 180 ‘*o;";;;g Top++ 2.0, NNPDF2.3  —
160 s - = 160 Z\‘-\ -
140 [ ﬁ ot : - 140 Eoi s -
N R - ol N ] B ESnNZ =
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E ----------- &R | - e .
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CMS: mP*'® = 176.773-% GeV (Lo, arxiv:1303.6254) F o S

CMS: as(mz) = 0. 1151+8 8833 (if m?°'® fixed to measured top quark mass)
arXiv:1307.1907 (hep-ex)

Is the universe truly |

DO: mP°® = 167.5752 GeV (approximate NNLO, Phys. Rev. D 80 (2009) 054009) wetastable?

ATLAS: mP® = 166.477-5 GeV (approximate NNLO, Phys. Rev. D 80 (2009) 054009)
Phys. Lett. B 703, 422 (2011), ATLAS-CONF-2011-054
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TOP, HIGGS, AND ALL OF US

* W,Z, even Higgs(!) masses already known with amazing precision: 10-3 to 10-5 precision, no
ambiguity on mass definition

* Measuring a quark mass is a pretty different business

* Precise top quark mass provides additional predictions: mH=941+24GeV

* Oh BTW, it also helps us predict the fate of the universe...

- From EWK fits (incl Higgs)

180p—r—rr—
>
& |
=
Mtop from direct é- 175
measurements -
é JHEP 1208 098
g 170
2
o
[P
165 S S S SR
115 125 130
From indirect measurements Higgs mass M;, in GeV

(until recently)
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MTOP: WHERE ARE WE

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

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

* LHC results mainly coming from 7TeV dataset - lots of room for improvements before LHC
reopening!

* Updated LHC mass combination in progress. = Harmonise systematic treatment e.g.
generator modeling.

~2.3MeV ~4.8MeV ~95MeV ~1.3GeV ~ 4.2 GeV ~ 173 GeV

ito@

 Alternative direct measurement techniques give
consistent results - no underestimation of systematics

* Less-ambiguous measurement techniques give
consistent picture, although higher precision is required
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CPT VIOLATION

* CMS provides the stringent test of CPT violation in top quark physics, by measuring Mtop-
Mantitop. Tag leptonic top, reconstruct mass of hadronic top?

CMS Preliminary, 19 fo'at Vs =8 TeV [t CMS Prellmlnary, 19fb" at Vs =8 TeV [+
> 25000 T T T [l Weets > 250007 e e g \W L jets
& ! l+jets  [mz+ets 3 R F+.]ets (W Z+jets
& 20000} | I Single-Top o 20000} | [ Single-Top
N i QCD N QCD
~ [ ~ N —+
9 15000 £ 15000}F Data —
c - c L : ! 4
2 : o E I ]
O :|| g . ......... .............................. ** ....... ..... (®] jl g - **+***-
'1_. - .....4.............o.."l‘..’.’ Q"’{* + . .1- ctevece . *
E 08”* : : A— : . + *+} g 08'* ,,,,,,,,,,,,,,,,,,,,, RPN SUIRNS KOS = **
D 0.6 R 1"3"i"i“‘“i"i"i"i"l"i“i"i"i‘f'1"]"'1"'1"1"1"1"i"i"i"i"i"i"i'i"i"i"i"n"f'l"l e D 0.6 BN SN O A 0 A A S A
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 S00 1000
Fitted Top Mass (GeV) Fitted Top Mass (GeV)
Source Estimated effect (MeV)
Jet energy scale 17+ 15
Jet energy resolution 8+11
) b vs. b jet response
* DeltaMt = -0.27+0.20%0.12 GeV (this result) Signal fraction 4512
Background charge asymmetry 12.43 +0.03
- Background composition
* CDF: -1.95%£1.26GeV (8.7fb ') PRD 87 052013 Pileup 17.4 £ 04
b-tagging efficiency 20+8
. - b vs. b tagging efficiency 43 +6
DO: 0.8+1.9GeV (3.6fb ') PRD 84052005 Method calibration 15+ 54
Parton distribution functions 12+3
Total 122

-
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TOP QUARK WIDTH

arxiv:1308.4050v1

* Width has been computed at NNLO = [.32 GeV (for Mtop=172.5)
* Deviations are model-independent ways to probe for new top decays: Hx stops, FCNC

* Analysis strategy: fully reconstruct semileptonic top decays using known MW, Mtop, reduce jet
energy resolution through NN-based regression, jet energy scale through W—qq decays,
extract from top mass limits on width

Tagged
2 01 10 ———
5 ¢ gl CDF118.7 fb” ——
< [
0.08— — Tlop=1.5GeV 8
B 7k Data
006 B — Tip = 5.0 GeV % 6l
L 3 B
- T\, =10.0 GeV = ==
0.04|— L A
3 =
0.02— 2 = 68 % CL (stat+syst)
_ 1= —— 95 % CL (stat+syst)
R R R n == 1 1 I I | | |
o0 150 200 250 30 350 00 1 2 3 4 5 6 7 8 9 10
m{*® (GeV/c?) rmeas(G eV)

* Set a two-sided limit of 1.10 < ['top < 4.05 GeV at the 68% C.L,or l'op = 2.2 *18| GeV

* The DO Collaboration has determined the width to be [ = 2.00+£0.47GeV using a model-
dependent, indirect measurement that assumes SM couplings PRD 85,091104 (2012).
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ANATOMY OF AN ANOMALY

* No story is interesting
without mistery.....

Pictures here shows
“The Baltic Anomaly”:
unusual stone formation
at the bottom of the
baltic sea, battleship
rests, UFO, Millennium
Falcon???

But you know what | am
really referring to (next
slide)
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ASYMMETRIES

* Different top quark production modes, different asymmetries at Tev and LHC

' Proton-antiproton is a CP | | Proton-proton not a CP
| eigenstate. eigenstate.

NLO QCD (plus some EW) | Small asymmetry comes
terms create asymmetry. from PDFs.

LHC top

anti-top

top
anti-top

Tevatron

* This is still among hottest TOPics.Want proof? Citation vs time dist. is nearly flat
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AT THE TEVATRON

NLO QCD 4  f+Jets data —— Fit A(qye)
Uncertainties: [ +lo(stat. + sys.) B +lo(stat.)

* CDF finds several AFB deviations:
— deviation depend on mttbar, deltaYt PRD 87 092002
— not dependent on Pt(ttbar) PRD 87 092002

arxiv:1308.1120 &3

— deviation appear mostly in first Legendre poly
arxiv:1306.2357

030 02 04 0.6 08 10 12

» more s-channel like new physics aud
— leptonic asymmetry gives hints of polarization Forward-Backward Lepton Asymmetry, %
. : 3 jets, 1btag — preffim nary, 2.
» favors right-handed models productiontevell - &
g 5 jets,>2 b tags Q
>4 jets, 1 b tag E
O
e
* DO results are generally between SM and CDF no 24ets,2p bags v
. . H—e—ii ¥?/N.D.F.:8.2/3
significant trends shown N, a
L
— latest result analyzes much larger dataset o ° 0 @
— deviation remain only in a subset of data < D0, L=07 " f
_ @ 15re Data
i 'm MC@NLO ¢

— overall good agreement with SM  Model 1 - 5
o z
* Update analysis on lepton asymmetry in dilepton 101 /% " ©
events as well Z S =
— now closer to SM predictions ¥ / . 2
/n / ®

-/ VI |

0 5 10
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AT THE LHC

e CMS and ATLAS study both inclusive and differential charge asymmetries

* very difficult measurement as theory prediction ~ 1%, requires very large precision

I T T T l T T T T

%) s T ]
"q&‘) HCMS. [ « Data ] é) E""I""I""I""l""l""l""l""l""—1
2150001 >0 folat \'s = 7 TeV oh a 0.2/~ —+— Unfolded ATLAS Preliminary-
- ACunc 0.003 + 0.004 ' - : - SM (5= 7 TeV .
- l+jets .Slngle top | 77} Axigluon m=300 GeV 7
B . .W+jets | 0.15 — [ \\\\\\\\\\\\\ Axigluon m=7000 GeV J. Ldt= 4.7 fb" ]
10000 Wziiets | 01 =
L [OMuttijet - - ]
- ] 0.05— l =
4,& £
O _0: ....... I.l..I....I....I....I....I...II...:W
-4 -2 0 2 4 b 1oo 200 300 400 500 600 700 800 900
Alyl m, [GeV]
CMS PAS TOP-12-004 ATLAS-CONF-2013-078
PLB 717 (2012) 109 ATLAS-CONF-2012-057

* results consistent with SM, but must be noted that AC and AFB correlate only under
assumptions
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CHARGED HIGGS FROM TOP

Eur. Phys. ). C, 73 6 (2013) 2465
* Charged Higgs appearing in two Higgs doublet models (2HDM) such as SUSY or triplets

* For Hx mass < m(t-b), then decays might appear from top events

* In SUSY, depending on tan(beta), charged Higgses decay dominantly to taunubar, csbar (charge-
conjugated processes implied)

> 1600 AANLENLE I L I I I LA L LR IR L

R . ATLAS Simulation

f 1400 After kinematic fit |

~ - ]

£ 1200~ : \s=7TeV =

g - i ——smi .

w 1000:— THU110GeV

800[— ' =

6001 =

4001 -

200 —
0020720 60 80 100 120 140 160 180 200

Dijet mass [GeV]

 If Ht — csbar, then fully reconstruct the event and 3 Limits ot 9% OL:

. o012l ATLAS s Expected Limit
scan for an hadronic resonance around the W mass £ 62770V [ Lat= 71" I Expected:t To

0 0'1__ L 5 Expected + 26 ]

.. . . & 0.08] B cs) = 100% —— Observed Limit

* Set limits on BR(t—Hb) branching ratio of 5 E
. . . o kb =
approximately 2% depending on mass hypothesis 2 0 04 E
o.ozf— —f

0: el by b by by b

90 100 110 120 130 140 150

m, [GeV]
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CHARGED HIGGS FROM TOP

* Charged Higgs appearing in two Higgs doublet models (2HDM) such as SUSY, or triplets

* For Hx mass < m(t-b), then decays might appear from top events

* In SUSY, depending on tan(beta), charged Higgses decay dominantly to taunubar, csbar (charge-
conjugated processes implied)

CMS-PAS-HIG-12-052 JHEP 1206 (2012) 039
Vs=7TeV :ex et t+jets 2.2 bt 4.9 b
3 1 _l TTT | TT 1T | L | TT 1T ‘ L ‘ Trrr I L I TTT I_ :—n f T | L ‘ TT 17T I T T 1T L TT 1T LB LU I T l:
1014 t>HDb,H > CMS Prelimi L B
I L r:iets, e, :rh, and ex final states © Imlnary—: E r ATLAS
Toa2f BHo™=1 & onserved 1 T} —— Observed CLs Data 2011
E L [ Expected median + 1o = 1E Expected
5 [0 7 1 Expected median + 25 _ @ F I+ 1o \s=7TeV ]
= ] [ +26 I '
E 0.08:— E Ldt=4.6fb i
: B -1 = —
©0.06 q 10 E
X T i ]
g 0.04_— ] L B
0.02F 10%E combined E
_I 111 | 1111 | 1111 | 1111 J L1l J L1l | L1l | 1111 _\ 1 | 1111 ‘ 1111 | 1111 | 1111 | 1111 | 111l | 1111 | 1 I_
%0 90 100 110 120 130 140 150 16 90 100 110 120 130 140 150 160
m,. (GeV) m,. [GeV]

* e-tau, mu-tayu e-mu, tautjets final states analyzed (here for tau it is assumed hadronic tau
decays)

* Both collaboration set limits at the % level
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BARYO N N U M B E R VI O LAT I O N CMS-PAS-B2G-12-023

* Baryon number violation possible in several BSM scenarios.
(SUSY, GUTs, black-hole)

* Limits set on BNV in nucleon, taus, mesons, Z

ort = bue

©
—
N

Events / 5 GeV
o

0.08

0.06

0.04

0.02:;

Search for tt events in which one top decays through t —>_bc_|J+

+

no neutrinos!

CMS Simulation

\s=8TeV
u channel

..... tt (BNV, SM)
---------- tt (SM, SM)

—— Wijets

I,_I___I__l___I__I___I__L__I__I___I__l L | T T 1 | LI

ey 1y,

........

o b b by U b ge g e g o E T

0 20 40 60 80 100 120 140 160 180 200
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EF'sS [GeV]

. 4
b-jet it

* No significant excess has been found, first uper limits
BNV in top events set to be:

BR(t — beu™) < 0.0016 @ 95% C.L.
BR(t — bue’) < 0.0017 @ 95% C.L.




JET SHAPE STUDIES IN TTBAR  wavizrsms

» Top-antitop events are a very clean source of both b-jets (ttbar in dilepton events) and light
flavor jets (from t—=Wb,W—qq decay chain) at hadron colliders

* Interesting test of QCD perturbative (fragmentation) effects

A LT e e e e e T T ¥ T T ¥ T
S | ATLAS is=7Tev J e oee - e ATLAS is-7Tev
Vot ] 50 GeV < p_ < 70 GeV
0.8(— —
E 50 GeV < P, < 70 GeV E : Systematic uncerainty
0.6[— b-jets ] —a— Alpgen + Pythia P2011
N B Data (stat @ sys) ] Al Herwia (Ji .
od— X/ MC@NLO+Herwig | s isowg Gxmmyd
r K PowHeg+Pythia ] —a— Powhag + Pythia P2011C
0.2F | light jets = —%— AcerMC + Pythia P2010
- A Data(stat® sys) : —— AcerMC + Pythia P2011
L P ——— MC@NLO+Herwig -
O~ | Ldt=18fb ———— PowHeg+Pythia ] —a— AcerMC + Pythia Tune A Pro
_l v b b v ey by by ! PENSNENEN STRNRT TS ATET SRS AT 1_ e AcerMC + Pythla Tune ACR Pro
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c 12 = ¢ Although to a smaller extent, jet shapes are
e | R IR BRI EES RN IRN RN IR R .. .
T o t ] sensitive also to non-perturbative QCD:
o 0.0~ ] . .
S S U underlying event, color reconnections
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TTH: VERY COMPLEX FINAL STATE

* Cross section is only ~1/200 of the inclusive Higgs production cross section, ~1/2000 of ttbar
production

* Large multiplicity of objects in the final state (signature is dominated by the t/tbar decays)

* Need to find the best combination of top and Higgs decays to isolate the small signal (130fb)

Top Pair Branching Fractions

“alljets” 46%

Ttjets 15%
©,

L+jets 15%

Branching ratios

700 720 140 160 180 200
s . et+jets 15% . ) . M, [GeV]
dileptons lepton+jets

* Studying for now:
— tt—leptonic, Higgs to bb
— tt—leptonic, Higgs to tautau

— tt—anything, Higgs to gamma gamma
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et TOP YUKAWA MAGNITUDE

 Searches for ttH production can be directly translated into direct Yt measurements (just as
single top can be translated into Vtb measurement).

* Precision on Yt twice the one on sigma(ttH)

CMS Preliminary Vs=8TeV,L=19.5 fb" CMS Preliminary Vs=8TeV,L=19.5 fb’
M 000 == Expected £ 16
Combpination — ¢ | |-ee- Expected+2 ¢ Combination [—
— QObserved .
Lepton + Jets Lepton + Jets | ] ‘rf— >IepTo "lc'
+ — + —
H->bb/tavtav

Dilepton |— ' | Dilepton [~ = CMS-PAS-HIG-13-019
: ATLAS-CONF-2012-135

Hadronic tt — Hadronic 1t [— .
PEPRRPRRN PRI (S -0 [ (R S S S SR | PR [T S (ST S N NSNS ' PR T S (T S Y
0 5 10 15 20 25 30 35 6 4 2 0 2 4 6
95% CL limit on c/cg,, at m,, = 125 GeV Best fit o/cg,, at m, = 125 GeV
- _ T
3 A0p T 2 SRy T Lttt
) F —— Observed CL, limit  H — yy ] E | ttH=vy)
-.-I:b 35 —— Expected CL, limit  {tH channels comb. : [ m=125.5GeV/c® |~ Oserved iy =) ]
s 305_ M+ 16 ATLAS preliminary _f boer wo=-0.2%2% | Expected for SM H (_=1) ]
— = — ttH 4
e o5 *20 Data 2012 \s =8 TeV  j - ] R .
8 ; _[Ldt —203fb" é 1,50 Hadronic and leptonic combined i ‘l"l'—)hadronlc' |ep‘l'0“lc'
o 20 = i H
I ; NS g ->jammagamma
10l = i 1 CMS-PAS-HIG-13-015
sE- E 054 i ATLAS-CONF-2013-080
OE‘ | et bl i it i ekl A it ot it s i il S e s | E 1T ) “’l || L i
120 122 124 126 128 130 051 0 1 > 3 4
m,, [GeV] M

* Approaching sensitivity to Yt much sooner than originally forecasted!
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TOP PROPERTIES FROM SINGLE TOP

| Vib, polarization, | -
g width, clfion | Slngle Top @38 TeV

d 1,000,000 fb

100,000 fb

10,000 fb

1,000 fb

100 fb




TOP PROPERTIES FROM SINGLE TOP

| Vtb, polarization, |
-width, P violation |

Single Top @8 TeV

1,000,000 fb ¢

~100,000fb | a

l* 1 A

10,000 fb |

;ﬁml_)ackgrou

1,000 b} b

100 fb
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TOP PROPERTIES FROM SINGLE TOP

Vfb polanzaﬂon
W|d’fh GP vwla’ﬂon i

Smgle Top @8 TeV

1,000,000 fb
[ tq
100,000 fb [ A
| = tW
[ A
10,000 fb

1,000 b}

100 fb
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TOP PROPERTIES FROM SINGLE TOP

Single Top @8 TeV

q , polariz

width, CP violation |
—— e 1,000,000 fb
tq
100,000 fb A
| tW
A
10,000 fb
1,000 fb tb
A
100 fb
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TOP PROPERTIES FROM SINGLE TOP

Single Top @8 TeV

q , polarizf

width, CP violation |
e emmmeeed | 000,000 fb
tg
‘ B 100,000 fb TSy
| V’rb,l_)ackground to SUSY | A
o 10,000 fb
1,000 b
, tb tz
., (H
100 fb 2
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VVTB EXTRACTION

» Several Vtb results in three different
single top production modes (t- (d’ /V Vs ub\ (d\ /d\
channel, s-channel, tW) measured at
Tevatron and LHC collaborations, = | Vea Ves Vi s| =Verxar | s

* all leading to compatible results \b’ \th Vig @ \b) \b/

* many results do not use yet full dataset

* combination of results could bring
additional benefit

091 =+ 0.08 (exptth) s+t channels, Tevatron <3.2fb-| 0908.2171

0.92 + 0.10(exp)+0.05(theo) s+t channels CDF 7.5fb-1 CDF conf Note 10793
112+ 0.09 s+t channels DO 9. 7fb-|  arXiv:1307.0731 )
JHEP 12(2012)035
CMS-PAS-TOP-12-01 1
ATLAS-CONF-2012-132
CMS PASTOP-12-040
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RARE DECAYS

e Take the |-to-1 billion collisions where top quarks are produced

g
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F C N C , G L U O N S ATLAS-CONF-2013-063

* Several NP models (R-parity-violating SUSY/topcolor technicolor), predict enhancements of
FCNC decay that lie in LHC sensitivity range (10-3 to 10-5)

* uct, ugt can be better probed from single top production g9 —t — Wb — fvb (¢ = u, ¢)

* top produced alone rather than singly, decay products ~boosted and back to back

— use NLO predictions and simulations for accurate modeling

% 0-3_| T T T | T T T T | T T T T I _% C 7 Sf_)-25000_ll|||||||l|||1|||||||||||||||w|||||||||_
0] = ATLAS Preliminary - 10} B ATLAS Preliminary | o i JLdt: 142" \s=8TeV ATLAS Preliminary ]
© L . . Simulation 1 © 0_4_— . . Simulation - 5 i signal region . ]
E - signal region — FCNC 7 E L signal region — FCNC i § 20000(- ;FlCNIC'(o=20 pb)
o) r- aaasas ﬁ - o : ..... tf : | - S-Inge op
5 0.2— --- WiHF4jets  — 3= - --- WiHF+jets | 7 — LA
8 L — - multijets J 8 0'3:_ — - multijets ] 15000~ — m‘? ! ]
= I - 1 = i I_ 1 C -
S ] 2 o2 1 10000] e
oot L - L ] i
o ] 0.1 2 5000f
0 L L, e B Trr il o— . L . st _.I; 0
0 50 100 150 50 100 150 3 1121 3
13} N7 ]
p,(W) [GeV] Pro)GeV] ;W%/ B
L ME _E
I 0.8% 3
* BR(t—ug)<3.l x 10-5 § 1 -08-06-04-02 0 0204 0608 1

NN output

* BR(t—cg)<Il.6 x 10-4

 currently most stringent results

Fabrizio Margaroli




FCNC, ZBOSONS

CMS Preliminary 4.9fb"at\Vs =7 TeV

CMS-PAS-TOP-12-021

* Use for the first time tZ events to search for

[2] -" IIIIIIIIIIIII AR TTTTTTTTTTTS

. 2 eee, (i, ey, eelt thannels ]

FCNC using 7TeV data S 100f .

L C e Data 1

—_ tz—’trlleptons+bjet 80 =¥(\)/n_—promptLept. .

L b [ ti, single top 4

60 7 T .

e Can identify Z and top separately, use all infos to i ]

isolate signal o E

20f- -

* Set limits on several anomalous couplings st ]
3R(t — Zu) < 0.51% E R P UURURI & &

T T S T T S R T B

-1 -08 -06 -04 02 0O 02 04 06 08 1

BDT output for Zut
¢ Use ttbar=/bW<Zq

* Selecting W and Z leptonic decays, full event reconstruction is unambiguous

O g S S B Pvw s e e §350“‘
S 10 cws PreI|m|nary ~ Data ] o [ CMs F’_l;ellmmary « Data ] = | CMSP_|;eI|m|nary .
& [ 195fb'ats=8TeV N 1ol 19507 at (s =8 TeV Moz - o | 195f"atis58Tev
o0 [Jt-za 1 o | a 1 00 4
& 8- s e [ B« s
5 I - | 5 o B £ CMS PAS TOP-12-037
> Bw, zit G T Wi, ztt r 1
wr i b 250~ » . .
6 Bz H Hzwv g [ % . b
[ 6 [Jww, wz, 2z ] [ c . . ] o
J ) ] o © BR(t—Zu)<0.07%
L r L e 1
[ r 1501 . 3
2 27
r B EE I o L
o - EL\ il 00— ]
-?’00 1000 200 300 ‘?00 150 200 250 300 350
My, (GeV) my; (GeV) m; (GeV)

* results are comparable once scaled to same lumi, can be combined in the future
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F C N C : H I G G S B O S O N ATLAS-CONF-2013-081

* Take the dominant ttbar production mode, look for events with one FCNC decay of the kind
t—Hc

* Split into hadronic (tt—=cHWb—cHqgb) events and leptonic (tt—cHWb—cgammagamma
Inub) events

— former contain residual combinatorics, latter unambiguous

* Choose topological and kinematic (top quark mass cuts) final states consistent with the
FCNH hypothesis, scan over diphoton spectrum

ATLAS Prellmlnary

> o S T TR MMM e - — L
5 B - , Data 2011+2012
K ool TLAS Prellmlnary fL dt= 20 3t Vs =8 TeV & 0 EATLAS Prellmlnary IL dt = 20 3", \/s g vy § 14 ;Hadronlc selection ; s::sm H;gs (1268 GeV)sBlg fit]
o E e Data 1 v C e Data N -
- — . _— ~ - ~ e SM Higgs+Bkg ]
~ 18 —signal, Br=10% - 5 50 — Signal, Br =10% e 120 Bkg (2" E
..2 16 I vvj Sherpa - % C B v\j Sherpa % 10 C 9 I~
o g 3 r — _ 4 e 8 Teq]
R = O 40 O . Ldt=20.3b", Vs =8 Te\]
126 = - 8l Ldt= 471" Vs =7 Te\]
100 E 30F C 1~
= 7 C 61— —
& E 201 E , ]
= E C 41— PR -
- . 10 2 -
E i » B N T AT S T S
0 50 100 150 200 250 300 350 400 450 50 00 50 100 150 200 250 300 350 400 450 5( 900 110 120 130 140 150 160
m;; [GeV] m,,; [GeV] m,, [GeV]

* No significant signal is observed and an upper limit on the branching ratio of 0.83% (0.53%
expected) at the 95% confidence level is set. The corresponding limit on the tcH coupling is
0.17 (0.14 expected)

Fabrizio Margaroli




CHARGED HIGGS TO TOP e

* For a charged Higgs mass above t+b threshold, s-channel single top production can be
enhanced by resonant production.

e Tevatron best suited for this search thanks to better S/B

* Scan for resonant production, set limits on Type |, [l 2HDM models
95% CL Upper Limit on
—_ 2HDM Types-l & -lll H* Production
2 100~ e+, 2 jets, 1+2 b-tags 'g. 1% .
3 i H, 2 jets, 9 — Type-l o(qd —H*—tb) DO preliminary
. -1 P, . 1
e [ D@2 0.9 fb 9 .| (anp=30) 0.9fb
$ 8o I tb + tgb -~ e ) -
5 o i T Type-l ==
> I + - Expected limits S L
o gl + W + jets I 10p
I B Multijets m :
w T — H'(180 GeV) x50 Xk Observed limits
- + ---- H*(240 GeV) x 50 T
! == H*(300 GeV) x 50 G e N, Type-li
20|-— + ( ) g- 10" D ?( qq—H*—-tb)
i % o N e E=5)
[ T Etbbiae. Lo | ‘0’10‘2“ NP R B B 1
?oo 200 300 400 500 600 700 160 180 200 220 240 260 280 300 320
M(jet1,jet2,W) [GeV] H"" mass [GeV]

* Limits depend on tan(beta) and 2HDM model
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SINGLE TOP QUARK + HIGGS

* Measurement of this production mode would probe ttH/VWWWH interference

— same kind of interference that bring current Higgs data to allow negative coupling of Higgs
to fermions (ATLAS, Tev)

5 [ TevatronRunll,L_ <10 o™

[ * Local maxima 4 SM ) OCMS Preliminary fs=7TeV,L<5.1fb"' Vs=8TeV,L<19.6fb"

| Mles%cL. [ leswcL. o SFETT ','c\'/,'K'f] """ T ]

y L HML L B L BN BRI R = S O 1
* - ATLAS Preliminary + SM i 4 — 1.51 PG E
3f 1s=7TeV,|Ldt=46-48f" x Bestfit 1 1ob i N E

~ (s=8TeV,|Ldt=13-207 15" — 68%CL 1 2F r L . ]

L -+ 95% CL E : . Nt :

£ o OF 0.0F E

C 7 _05:_ A . _:

o 1 2} : |

- . [ -1.01 R =

e ERRLs 150 g

0 Lo ! ! PR W I I I B ool L I 1
0.7 0.8 0.9 1 1.1 1.2 1.3 0 0.5 1 15 2 - ‘0.0 0.5 1.0 15

Ky Ky Ky

 t-channel tHq production especially sensitive to sign of Yukawa coupling, as it would bring large
enhancement in cross section (would exceed ttH production)

S.Biswas et al. JHEP Ol (2013) 088
M.Farina et al. JHEP 05 (2013) 022
S.Biswas et al. JHEP 07 (2013) 073
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[HERE'S MORE TO THIS
. 1; CDF + D@ combination g { electron/muon + s ATLAS —3; E
5 L=27-5.41b" ° 10 ' I Ldt=2.051b" =, Simulation i é%a(tg ) ATLAS ]
0.9¢ ® Combined result : [ L ovs=7TeV C_itt (uncorrelated) Ldt = 2.1 fb'1—;
- ‘g (S:hDA F;/;'ﬂue a 10 ; 1 ‘4 O gnqle top .
- +ets ; 4 ] O +jets E
0'8: [ CDF dilepton 10° l SM ;.1 i.: XM * digoslon E '}" =
! A DO 5 ! : { W fake leptons $
0.7~ 107 ! =
a ; j — — _E
L ) z
g o 1 A T T T T T . S _E
0.8 [T —— [ ATLAS Preiminary ] -
o N 2 jets 1Db-jet combined =
06 LHC combination preliminary V=1,V : 'LL:; ;;ss © ] —_ re———
Vs=7TeV, L _=35pb'-2.2fb" *F I E r
OBE S (88% CL) E
0.2 DOS% Cl [ #20(95%CL) ]
| ool A5=003:007 (stat @ syst) E
0 * SM ; ]
e " ;
>, 02 : ] Many more results
S -oii L {'15 2 s -01.5 29 31 2e (I) P Lol{ s 2 01.2 2 blau PRI eE e o o oz 03 (’;'J-rmsa..ol.5 Ieft out.
2? "
c
o ™ = D Please look at the
L1 150[ | B Combination
i | ; :3 +#+ Data (F_/F /Fy) DO/CDF/ATLAS/CMS
100:‘ | L|+ : ATLAS 2010 (single lepton)  «&- il —ap— webpages for more,
i S 2 ] ATLAS 2011 (single lepton) e~ ,_.r kel . . |
sol b h e ATLAS 2011 (dilepton) e interesting results!
C [J{L‘+ Ptoass CMS 2011 (single muon) A -
FogT T LT e LHC combination PN
o7 | b T L L . L4 L ! ) L
900 150 200 250 300 35( : : : ,
fit [ GeV] 0 0.5 1
m; W boson helicity fractions
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CONCLUSIONS

42 slides later....and after the 4th of July 2012 fireworks to celebrate the newcomer,
top is still the heavyweight champion!
Crucial to predict Higgs mass, check test SM consistency, cosmological implications

After Higgs discovery, top physics is ESPECIALLY interesting:
testing Higgs Yukawa sector; rare decays to Higgs, charged Higgses

S d =

y b _& lcs‘scenaﬂos that solve

‘._t}- -

«LJ =

AL DR

AALLLLLLLILLLEAAI SRR

BV
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HIGGS AND FERMIONS

* We know there is a Higgs boson in
LHC data

* it first appeared decaying into two
bosons

* the big picture is still far from clear, as
there are a multitude of loops where
new physics might be hiding

* not to mention interference between
diagrams...
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THE CMS DETECTOR

J—— EM and Hadron calorimeters

",
—,

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-02 15:07 UTC

w— 2010, 7 TeV, 44.2 pb '

m— 2011, 7 TeV, 6.1 b '

Inner tracker:

— 2012, 8 TeV, 22.8 b ' 120
charged particles .l s
vertex, isolation }

Muon Inl< 2.4

<52 < ) ' ' '
HCAL |r]| P‘?‘ \“&0" \‘\\)“ \’\0 s»\)Q \‘sev “06" \“‘o“ &00"

ECAL Inl< 3.0 Date (UTC)

e e The search for ttH requires
all subdetectors!

rxlOO 1
0o

¢ Total Integrated Luminosity (fb ')

Fabrizio Margaroli 45



1,000,000 fb

100,000 fb F

10,000 fb [

1,000 fb F

100 fb
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DIG DEEPER INTO THE LHC GOLD

Higgs @8TeV

Higgs and top cross sections at 8 TeV pp collisions

1,000,000 fb
100,000 fb

H

_|_
10,000 fb

qqH
—|_ WH ZH 1,000 fb
+ ttH

_!_ 100 fb

Top @8 TeV

tt
+

ttg

ttW  ttz
+ o ttH




AN. COUPLING AND CP VIOLATION

* We are still left with no solution to the observed baryon asymmetry in the universe

Effective lagrangian for Wtb vertex: VRr. gL. gr @nomalous couplings

— _ ZO' v _
Lwip = —ib'y“(VLPL—l-VRPR)tW °q (9. PL+9rPr)tW, +h.C.
V2 8 f Mw g

e Interpret Fg, Fr, Fy in terms of ¢ CP violatfion if Im(gr) # 0.

anomalous couplings. e AN in single top t-channel
e Assume Vy =1, Vg = 0. (top ~ 90% polarized).
. A N __ N(cos8” >0)—N(cos 6" <0)
Derive limits on g, and gg. AFB = N(cos 85 S0) LN (cos 0V <0)
~ 1 T T T
5’, R . [ ATLAS Preliminary ]
°-°T v e e 2 jets 1b-jet combined K
- " ILdt=4.86fb" B
06~ LHC combination preliminary ~ V,=1,V_=0 ool E=7Tev i E
i - -1 _ -1 N i
oal \s=7TeV, L _=35pb’-221fb .ss% oL - supssento :
- 085 :ws?ss% cy) -
02f- [ Jese cL F 208wl
- oab. A=0032007 (stat @ syst) E
of- * SM F :
i A 075 -
-0.2_— E E
_0_1)’4. P ey R T R L AR TR of«z;m('go),s
V. V. . V. - - » ne(gL)- A

ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025 ATLAS-CONF-2013-032
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TECHNICALITIES

Signal and background modeling Triggers used:
« ttH,WW,WZ, ZZ Pythia * Diphoton trigger
* Electron trigger
* ttW/ttZ/ttgamma/ttgammagamma/gamma-tjets/ e Muon trigger
gammagamma-+jets MadGraph e ee/emu/mumu triggers

* tg/tW Powheg

btagging
* Combined secondary vertex, medium OP
e H->bb also uses full CSV spectrum
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Pair production decay signatures

W decay mode

ev/uv Tv

ev/uy v

aq
W decay mode

Potential to analyze
more than 30 000 fop €=

quarks by end 2011
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Total acceptance 13%

<

Top properties at the Tevatron

Lepton+Jets

- large BR(30%)

- good S/B ratio.
Dileptonic

- Highest S/B

- lowest BR(5%)
All hadronic

- highest BR(44%)

= Very large QCD background
Tau modes

- explm:u identification
MET + jets

- lepI&eIs and dileptonic decays
where electron/muon is not id’ ed.
Large acceptance to taus

28



Top at the Tevatron
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Charge result

160}

§ ¢ 2 200
© - ATLAS e+pts e ATLAS ji+jets
8 140 J' . Daa 20 a8 180 j' * Data 2011 S—
[ JLte205® " Ldt=205m" N E T T
§ 120! = - § 160 = - S electron/muon + jets a7y as
“OTE tee=TTev ik BRI S A ol S 10 FI Ldt=2051" +++~, Simulation
100} . o ‘ ;- :I : \ o7 TeV
t i : - 10'E
80} ;e ' 100 . PoLew o E
: . 80 : 1 t P
60: 103[__ XM
. 60 : ;
40; f 4
} 40 2 t
| 10° %
. 20 ! 3
ol 0 10}
(&) y Q v f ! -
3 ﬁ*‘ t \ 38 # + + 1 5 ;25 92 0.15 0.1 oos:o 0.05 0.1 ok15 02 0.25
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arXiv:1307.4568

Qtop = 0.64 + 0.02 (stat) + 0.08 (syst)

channel PSM PXM O’m(s .D )
e 0.715 | <1077 8.7
w0960 | <107 8.3
e+u |0852 | <1077 8.8

@ PRiISMA L. Masetti - 19/07/13 N

Cluster of Excellence

Charge compatible with
SM top quark
Exotic model excluded at
more than 8 sigma

G|U
Intrinsic top quark properties in ATLAS J

onannes GUTENBERG
UNIVERSITAT mainz
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OUTLINE

*  Will show you today some of the most interesting results in measurements of top quark
properties

— too many to show all of them: my excuse to the authors of the beatiful results left
outside

— large overlap with other collider topics (new physics searches, flavor, Higgs, etc.) so
might be some duplication

* please bear with me
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