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mmet Asymmet

r asymmetry = particle-antiparticle asymmetry

A difference in the angular distribution of top quarks with respect to top antiquarks

Symmetry Asymmetry

_ do/dy do/dy
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==top quark
—antitop quark

Origin of asymmetry

SM predicts no asymmetry at LO in QCD, and a small asymmetry at NLO
Tevatron

: LO h x(a)~x(anti q)
g [ 2
M %< >m< "
_ N(Ay > 0) — N(Ay < 0)
& z Arg =
N(Ay >0)+ N(Ay <0
z ‘ + + _|_ (Ay ) (Ay )
——— 00000 —— — where: Ay =y, — )=
o events
£ d —top quark
s 4 7 100000 —antitop quark
LHC

x(q)>>x(anti q)

= . -
Z:Wm'::yflcs may increase  Mabl-0 _Nabi<0)
ymmetry © 7 N(aly[>0) + N(Aly[ < 0)
where:  Aly| = |ye| — |yl
Ar @ LHC N\ Agy @ Tevatron D
. LHC is symmetric,top quarks (anti-quarks) (.} Tevatron is asymmetric,valence quarks and
are more forward (central) valence antiquarks of similar momenta collide
W qq — tt ~20% @ 8TeV W qq — tt ~ 80% .
large dilution small dilution € 5%/
i} SM asymmetry: ~ 1%
4 G} SM asymmetry: ~ 8% 4
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r'i._.} Small fraction of quark-antiquark annihilation at LHC

i) Direction of incoming quark is not known

.} Measured asymmetry disturbed by acceptance and resolution
need to extrapolate to parton level!

kﬂ:} Significant uncertainty from modeling and extrapolation

i Differential measurements: S

A vs my-: expected different behavior for different BSM scenarios

A vs p,: expected sensitivity comes from negative ISR and FSR interference SO

Ac Vs |y, |2 sensitive to enhancement of asymmetry at higher rapidities (increased
quark-antiquark annihilation process) £

k A vs |B, |2 sensitivity to BSM at high values of B, ; J
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Semi-leptonic Measurements
T nfoldin hni
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mi-| nic M remen TeV

Eur. Phys. J. C76 (2016)
r T ity

& Event separated by: 0,1, > 2 b-tag jets‘ ‘ Phys. Lett. B 757 (2016
& Main background: W+jets @ r,;_. > 1 b-tagged jet

& A kinematic fit assesses the compatibility of & ~ 60% of total background: W-jets
the observed event with the decays of a top-

antitop pair. & Calculate a probability to find the best

k J top pair configuration

Q y

= Ly ) L(mg)La(ms ) By P (1 = Byl ) (1= Pyl

4 - o . - )
L= B(EpvlﬁEp:Q‘mW7FW) ' B(EIGPJEV|mW7FW) ' B(Ep,laEp:QaEp,B)‘mta [‘t) ) B(ElepaEUaEp,ﬁl‘mtaFt) '

W(Efiss\ﬁm,u) ' W(Egliss‘ﬁy,u) ‘ W(Elep|Elep) H W(Ejet:i\ﬁpﬁi) : H P(tagged | parton flavour)
- i=1 i=1 )

A\
(=)
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i} The Aly]| distribution split into four bins in all
the channels except the zero b-jets channel

r. Phys. J. C76 (2016)
&7

(] 240X—1'03' ’ T T T T 1 —]
€ 290 = ATLAS 1 Ijets E
9200;_\3 8 TeV, 20.3 for —e— Data E
- '_O btags Q>0 Q<0 =3 Waigntjets E
180 / [ Wezjets =
160 0 b-tags [ Wbb/cT+jets —
= [ Z+ets =
140 ?g @ Diboson =
120 @ Singletop 3
— I Multijet =
100 717/ Tot. Unc. =
80 1 b-tag > 2 b-tags 1 b-tag >2btags
60F-| =
40;__ / _;
205 WL—
e — __

/,, E 12:_ 7/

8 a0f \s=8 TeV, 20.3 fb’ et = = ;§§3 ;g;; : ;;;g EEZS
S 35F->2 b-tags —— Data E Alyl
g - E
2 S0 OW+ets 3 . . .

2 255 EmOthers 3 I} Signal in 1(>2) b-tag region:
20F- 7 Tot. Une. - = ~68% (89%) Of total yield
15 —
= =
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nfoldin

-

i} Fully Bayesian Unfolding(FBU)

trat

b
i} The likelihood extended with nuisan

parameters

i} Unfolding and W+jets BG estimation
performed simultaneously

i} Measure A also as function of M,

Pri » Bz,tt‘

y

>y

i} BG subtracted distributions of Aly] /

unfolded based on generalized matrix
inversion method

.} Correction to fiducial volume and full
phase space

i} Extract asymmetry from unfolded
spectra

i} Measure A_ also as function of M.,

Pric e
true level |Ay| Prior prob. Of T — R\\}G ‘ true |Ay]
p( ) o L(D T)H(T) response matrix
Measured -
disturbed Likelihood for Ay| 10
|Ay| observing D given T
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P Its from CMS and ATLA

0.0010 + 0.0068 + 0.0037 CMS(full PS)

Th. prediction: Phys.
0.0111 +0.0004 Rev. D 86 (2012) 034026

—0.0035 + 0.0072 +0.0031 CMS, Fiducial

ﬁwﬂy limited, agreement with SM pr

19.7 b (8 TeV)
T I T

o . . .
< M ATLAS T  om
0151 |ight color octet V8 =8TeV, 20.3fb" < - CMS t Data -
—  Heavy color octet | B |+]EtS, full PS —_— EAG {1 5‘ TEV) 7
0121 4 Dana : — EAG(20TeV) |
0.00| Eur. Phys. .;. C76 (2016) oosl QCD (NLO), K&R |
E — I — QCD (NLO), B&S _
0.06} ] L i
0.03 I , ]
0.0f o B
.03l _ - Phys. Lett, B 757 (2016) -
0.03 : 154 ) /
-0.08| | | | : N T S 1 A2
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Mohsen Naseri TOP2016




r

|
6)
0.08
— i T T T T ] T ...;.i%
- ATLAS i
0.06 . "4
N £
0.04 3 E
<O
0.02 X |
E CMS ]
0 i ]
N L |  Models from 7
B i - Z ol PRD84,115013;
B N | - a O| JHEP 1109,097 -
_O 02 — O D PRD 84) 115013; — - i 1 | 1 | | 1 | 1 1 | | | 1 | | Ik | 1 1 ]
oL o o JHEP 1109, 097 ~0.05 0.1 0.15 0.2 0.25
1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 A
0 0.1 0.2 0.3 0.4 0.5 FB
Arg e
a . » 13
Gu: A heavy axigluon €4 : A colour-sextet scalar \

® : Ascalarisodoublet 4 : A colour-triplet scalar
TOP2016

Mohsen Naseri




==

Di-leptonic Mes
at 8 TeV

rements

Please see Roger Naranjo
From ATLAS



Di-leptonic Measurements @ 8TeV: At & Al

Phys. Rev. D 94, 032006 ..

r (2016)

i} Background: 15% of total yield

i} Main background: Drell-Yan, single top

r 365 7
i i Back : 9% of total yield
i} Kinematic (KIN) method adopted to reconstruct & Background: 9% of total yie

top pair using kinematic constrains &} Main background: Drell-Yan, single top

& Fully Bayesian unfolding (FBU) technique i} “Analytical matrix weighting technique(AMWT)
‘ J adopted to find most probable top pair
(TID) oc L (DIT) n(T)

i} Correcting migration and background effects

22000 j T j T

)] T
= + data. i . . .
: conE ATLAS 2 = Dibosan by TUNFOLD package, using regularization
> = — >
W 1000 -y = § TeV. 20.3 b [ Single top [ NP & fake leptons . ‘
15000 T [ Nonfiducial '///, Uncertainty
14000 CMS + Data il
1 Bttt — - |
1

I Background —

10000

III|III|III|III|III?IIITIIIIIII'III'IIIIIII'
Entries / 0.4

(R i | (Sl S|

L e —_— .
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>< >
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T ¢ g ¢ g ° F o § T g ¢ . ) 15
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Inclusive results from CMS and ATLAS .. e 2 760 ot

k= 365

™

19.5 fb" (8 TeV)
— e e
--- MC@NLO e Data
CMsS — NLO (QCD+EW)

1/ do/d(Aly

Al 0.011 +0.011 +0.007 CMS =~ .
Alep 0.003 +0.006 +0.003 CMS

0.1 =
Lé 1E I I +| ‘L| % ]
%0-952_ 1 1 1 _é
a 5 1 o ' —

Prediction:Phys.

At 0.0111 + (0.0004 Rev. D 86 (2012) _ A

034026

19.5 fb ' (8 TeV)

Perdiction: Phys. —_ r T MC@NLO " e Data ]
Alep 0.0064 + 0.0003 Rev.D 86 (2012) = ©05-CMS — NLO (QCD+EW) ]
034026 % N ]
= N ]
2 04 E
o FA TR T PR
—lo 0'6:_ Vs =8TeV, 20.3 fb"’ POWHEG-hvq+PYTHIA6 | —lo E \s=8TeV, 20.3 fb" POWHEG-hvq+PYTHIA6 ] E E
o.sf— _f 05 = 0.2 :— _:
0.43_ _f 0'4:_ _: s . 05;_ — ! — _;
- o & E % | 1—}—_§__§_ + —%—_}__i_
o Phys. Rev. D 94, 032006 S Soes Tty wt
ook (2016) . 4 8 = ° T At
orf- & o = .
] : - - Please see Roger Naranjo
(0] = rom P B i | Obew v b b b b b by by b by
.‘EE 1.1 ] “‘E 1.1 — From ATLAS /////
g% acs g t sl i 6
[l ] ==
0.9! ey e e 0 1 2 3 4

Aly|
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differential results from ATLAS

ATL AS —&— ATLAS data

r ‘ (5-8TeV. 203 1" O POWHEG-hvq+PYTHIAG
i» Differential measurements as a function of m;, Pryt and nclusive fe 0017 +0.018
B, both in the full phase space and in a fiducial phase space 4 | 0500Ge — 0007 00
’ “’c‘ ) 500-2000 GeV Ho— 0.019 £ 0.026
. . _ .’ 006 H—e——  0.036+00%

i} Largest uncertainty is statistical, followed by the reconstruction iy
. . . . 0.6-1.0 —e—[] -0.029 +0.028
and the signal modeling uncertainties.
i 0-30GeV ——o— -0.035 £ 0.048
k J " 30-1000 GeV [ ——e—— 0048 +0.039
—0.2I I I—‘0.|15; = I—0|.1I = ‘—0!05I = Itl)l - I0.L|)5I - I0|.1I = I0.‘15I = I0.2

A in the fiducial region

ATL AS —— ATLAS data
1 O POWHEG-hvg+PYTHIA6
{s=8TeV,20.31b O Bernreuther & Si. PRD 86, 034026.
Inclusive fH-o— 0.021 £ 0.016
0-500 GeV ——e———  0.030 +0.043
m-
tt
ATLAS —eo— ATLAS data ATLAS —¢— ATLAS data 500-2000 GeV —He— 0.016 +0.024
O POWHEG-hvg+PYTHIA6
R O POWHEG-hvg+PYTHIA6 R
is=8TeV,20.3 fb" ' (5=8TeV, 20317 o semeuterssi PR, o3uczs 006 F—e—— 003003
* 0.6-1.0 —e—{- -0.007 +0.025
Inclusive [~ 0.006 + 0.005 Inclusive Ho- 0.008 +0.006
0-30 GeV —— -0.026 +0.042
0-500 GeV He— 0.010 + 0.011 0-500 GeV He— 0.009 +0.012 i
m. m. T
i it 30-1000 GeV [ ——e—— 0.053+0.034
500-2000 GeV —Fo— 0.003 £ 0.019 500-2000 GeV —He—  0.009 0.019
IIII|II\I|II\I‘Illll\I\I|IIII|\III|III\
_0-06 [Ho— 0.008 + 0.009 . 006 He— 0.010 +0.010 <0z -015 -0 150-05 0 0.05 01 0.15 02
ﬁ;t i A, inthe full phase space
0.6-1.0 ~o— 0.007 £0.013 0.6-1.0 —8— 0.004 £0.013
- -0.004 £ 0. 0-30 GeV -0.002 + 0,025
" 0-30 GeV —e - 0.004 +0.024 . e —eH— 2,
T T L
30-1000 GeV F—e— 00150018 30-1000 GeV F—e— 00150018 %}_ 7
|||||\||||\|||||\|||||\|||||| ll\||IIII|III\|IIII|IIII|IIII
-0.15 -0.1 -0.05 0 0.05 0.1 0.1 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
A'('3 in the fiducial region Ag in the full phase space
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ifferential r Its from CM

r

iy Differential measurements as a function of m, prs»

Phys. Lett. B 760
365

(201

S

)

19.5fb " (8 TeV)
| T T T T

CMs - MGNLO
i — NLO (QCD+EW)

e Data

and Y ;| [, ]
N | | T
i} Largest uncertainty statistical uncertainty ¢ -
() Future measurements at \'s = 13 TeV with larger |t | | |
Q data sets expected to have better statistical precision 0 0.5 | 1|.5
Y
19.51" (8 TeV)
"~ 1 T T T T T T
L. CMS --- MC@NLO e Data -
£0.06- — NLO (QCD+EW) E
N ) 0.04f .
19.510" (8 TeV) — s\/l 185 (8TeV) B ]
- AMIE - MC@NLO  eData 1 o298 CMS ---MC@NLO * Data | i ]
a 0.06F-CMS ---MC@NLO eData | © - 1 0.02[- ]
‘<° - —NLO (QCD+EW) ] 0.061 —NLO (QCD+EW) B - -
0.04- - ! OF E
: o.0aF 1 . g -
0.02- . . T -0.02f ]
I 0.02f . B ]
| - |  -0.04f .
i Uiy ] 0 0.5 1 | 1|.5
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TeV(Template meth



(2016) 7
: : CMS 19.6 fb~! (8 TeV)

B Symmetric and asymmetric component of MC template B BN R A8 5 e s R B LA
fit to sensitive variable o Dsmelate e

\Y”_ tanh (A|y|) CMS, unfold .

(0.100.68 £0.37)% R

m In comparison to unfolding, measured A_ is more precise | Kihn and Rodrigo
with significantly smaller stat. uncertainty

Bernreuther and Si

B Larger model dependence, reflected in the sys. uncertainty

POWHEG vvvvvvvvv
B Total sys. uncertainty comparable to the stat. uncertainty SRR
i I _I]_ 2
Source AL (%)
e+jets 0.09 £ 0.34 (stat)
Hu+jets 0.68 = 0.41 (stat)
Combined 0.33 = 0.26 (stat) = 0.33 (syst)
POWHEG CT10 0.56 4 0.09 -—
MC@NLO 0.53 + 0.09 20

Kiithn and Rodrigo [8] 1.02+£0.05
Bernreuther and Si[9] 1.1140.04
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Semi-leptonic Measurements
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Boosted measurement in the TeV range

Physics Letters B (2016),
Vol. 756, pp. 52-71

Lepton+jets channel

® [mproved reconstruction at high energy
® Decay products collimated for boosted top quarks _

. . . e N 4..]»
Hadronic decay as a single trimmed jet 500 1000 2000

Leptonic decay as a small-R jet close to lepton single charged lepton M [Gevies

Events with m+ > 750 GeV i} One 1solated lepton, p; > 25 GeV W
i) MET>20 GeV LN
0 2500( ATLAS arenans & MET+M,V>60 GeV @
2 V5 =8 TeV, 20.3 fo =—n \
5 2000 E ;:;T;s-’rop : _ : .
T 0 oo i} one Anti-kT R=1.0, Large-R jet
1500 ' i} Trimmed:rsub=0.3
. i P:>300 GeV
1000 . ‘:} Mjettrim>100 GeV
500 | - .
e s S Further requirements:
3 i Ap(lep., large-R jet)>2.3 |
%_% 1.0p---- e .} AR(lep., small-R jet)<1.5 25///%
R e o 1??0 © AR(smallR, lage-R)>1.5 /
ST T T " Ayl i > 1 b-tagged jet
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Physics Letters B (2016),
Vol. 756, pp. 52-71

i} A|Y| corrected to parton level with Fully bayesian
unfolding

i} Measurement performed in fiducial region o 0.3 |
< 3 :]-?li_tg ATLAS 8TeV, 203 b’
*-2<Aly[<2,750 GeV <my 001 i
i} Differential measurement: 3 interval in m,; T
0.1- N % I -
i} Inclusive measurement for m > 750 GeV I :
Ac = (4.2 £3.2)%, less than 1o from SM 0- 1 |
prediction of 1.60 £+ 0.04% -
- Dominant source of uncertainty: signal -0.1- —
modeling and data statistic -
k J 0.2 | .

. . >0.75 0.75-0Q 09-13 >1.3
Almest all results are consistent with SM m, interval [TeV]

Most si

-
m,; interval > 0.75 TeV 0.75-09TeV | 09-1.3TeV > 1.3 TeV
Measurement (4.2 +3.2)% (2.2 +7.3)% 8.6+44)% | (-29+15.0)%
SM prediction (1.60 + 0.04)% (1.42 +0.04)% [(1.75 +£0.05)% ) (2.55 + 0.18)%

AR
w

P
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Physics Letters B (2016),

Vol. 756, pp. 52-71

Impact on extension of the SM , : D :
~ 0.3F .
' Gp : A new color-octet neutral vector boson R W ]
o 02F E
' W': A charged color-singlet vector boson A 01 :
I::: "
. =
' @ : A color-singlet scalar doublet 5 0
<
ATLAS 8 Tev, 201"
' Q4 : A charge 4/3 scalar color sextet -0.1 ae:PrTIORa02, P84 1200 |
Models: PRD 84/115013; JHEP 1109/097 7
' o4 : Acharge 4/3 scalar color triplet %2 03 04 05

Acg (Pp, 1.96 TeV)

J 0.2 S -
0.15

s

.} Higher sensitivity for the SM asymmetry

T I T T T T I LI T T

i) Constraint on the extension of the SM

o
o
o

i) Complementary to other measurements

A (m; > 0.75 TeV)
o

: : : : - SM 72 : iz;5~~3‘§-:¢ITJL,!I|S 8TeV,201b" -
i} Extensions of the SM with heavy particles can predict 0} 75N\ 7evaron enoerveves pa0aun 1205 |
e ”:ﬁ?:ﬁ% § Models: PRD 84/115013; JHEP 1109/097 -~

an enhanced high-mass charge asymmetry at the LHC. . vinrubtls kil m
0 0.1 0.2 0.3 0.4 0.5

A_; (pp, 1.96 TeV)

$
PR
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charge and CP asymmetries in b-hadron decays

15ing top-quark events (ATLAS

Please see Jacob Julian Kempster talk
From ATLAS



M LHC as top quark factory allow us to perform, for the first time, the measurements of CP asymmetries
in heavy flavour mixing and decay from top-quark decay products.

B Select top pair events with exactly one lepton and at least four jets, one of which must be tagged with
both a displaced-vertex b-tagging algorithm and the SMT algorithm.

B The charge asymmetries are formed from the charge of the lepton from the top-quark decay and from the
charge of the soft muon from the semileptonic decay of a b-hadron.

P(b—>f+)—P(B—)f') P(b—){")—P(B—){”)

ASS= AOS=
P(b—>£+)+P(b—>£') P(b—)f‘)+P(b—>f+)
P(b— %) = N{b= ) - NN

T NMb—o )+ N(bB— ) N+=+N++ N+~
P(B—)f‘): N(E—)f’) _ N :N——
N(b—-t)+N{B—r) N-+N* N

o N((b-t) _ N*  N*
P(b_’f)_N(b—m—HN(b—»m - Nt + N*tt Nt~
P(b—¢*) = N(b— ) __ Nt N
NB-e)+N(p—oer) N+NT N

N represent the number of SMT muons observed with a charge fin conjunction with a W-boson lepton 26 /
of charge a.

9

\
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The CP asymmetries related to B, — Bq mixing and direct
defined as:

( r(b—)5—>f+X)—l_'(E—>b—>f_X)‘

r(b—>5—>f+x)+r(3—>b—>f—x)’

Ab["

mix

ALe F(b—)Z—>EX)—T(Z—>b—>CX)

mix

F(b—>5—>EX)+F(E—>b—>CX)’

are

I (b—¢°X) -0 (b—7X) /

r(b—>f—X)+r(E—>f+X)’

b
dir

I'(c ¢ X)) —T (c >¢€"XL)
T(c > ¢ X7) +T(c = +X.)°

cft
Adir

T(b— cX;)—T (E — EXL)

be
Adir

r(b—>cXL)+r(B—>EXL)’

The observed charge asymmetries can be used with decay fractions to extract the various CP

asymmetries.

N,, =N :t—>{,’+v(b—>5) —>£’+€+X],

N, =N[t—>v(b—>c)—> LX),

N, _=N :t — Ty (b — b — CE) — f+f+X] ,
Ny, =N|[t—"vb— "CX],

N5, :N:t—>f+v(b—>5—>5)—>f+f_)(],

Ny_=N|[t—>'v(b—cc) - TCX].

Mohsen Naseri
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m Backgrounds subtracted from the data, unfolded to a well-defined

fiducial region where the charge asymmetries are measured.

B The observed charge asymmetries found to be compatible with zero

Data (10‘2) MC (10_2) Existing limits (207) (10_2) SM prediction
AS 107 £08 005 £023 - <107
A% | 04 £05 -003 £0.13 - <107
AP 1225 228 02 £07 <0.1 <107
ARC1 05 £05 -0.03 £0.14 <12 <107’
ASC 110 £10 006 £0.25 <60 <107
A | -10 +1.1 007 £0.29 - <107

B Both the data and the MC are compatible with the SM expectations,

B The dominant uncertainty on all asymmetry measurements reported

1s statistical.

)] T
0 ATLAS Preliminary —
= {s=8TeV,20.310"
E i+ets channel pm
L E
¢ Data =
4000 (8, m, <1725 GeV—
- [ Single Top 3
e = Same-top like Wdets =
20001 Charge asymmetry input I Other Blg..
E | Uncertainty -
1000~ -
e s = 3
0 fofF ‘ : ‘ ‘ T
‘T o8 |
T B
8 N N NN
) LR T T Ty
O 600 ATLAS Preliminary —
= S {s=8TeV, 203"
E ’* usjets channel ~ —|
w r .
4000 t Data —
- [, m_=1725 GeV
3000 [ Single Top —
= i i Walets 3
F Different-top like 7
2000— m
w00E Charge asymmetry input Il Other Bkg. .
u 11 Uncertainty =
1000 S — 3
O 1 | ‘ ' ‘ 5
g !
®
]
®
a

o)
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CP-violation asymmetries

in n




CP-violation asymmetry @ CMS

B First measurement at the LHC of CP-violation asymmetries in tt events

TOP-16-001

19.7 fo (8TeV)

1

B In the SM, CP-violation effects very small but enhanced by BSM o 22 CMS l+jets channel
~ ok Preliminary —+ Data

18 EEsMt

[ SM non-tt

m Measure asymmetry with 4 T-odd triple product observables (O,)

o, Stat.+Syst.

o, 20
© 1ot
. . : X 140
using the composition of momenta of tt”+jets events £ 125
o 105
CP(0;) = —0; > ofF
i
6c
L 4
B The background-subtracted distributions of the observables used to oF
compute the asymmetry Ap: 03 =015 0 1
0)
ACP (O) _ Nevents (Oz > 0) - Nevents (Oz < 0) 2
! Nevents (Oz = 0) + Nevents (Oz < 0)’ 19.7 fb ' (8TeV)
g 20 cms l+jets channel
. . ~ 18F Preliminary : gfﬁf
[e2] F
m Any non-zero A.p would be already a strong hint of new physics & 16 Sl
o 12 |
1977 (8Tev)  _ 19.7 fo' (8TeV) *GE) 10
o 20§_ CMS l+jets channel o 29 CMS l+jets channel Lﬁ 85_
~ 1gk Preliminary —— Data ~ [ Preliminary — Data 6t
S c I SM it °°C> o0b SVt 4
= 16 [ SM non-tt = i SM non-tt 2F
14F 1o, Stat.+Syst. C | 1o, Stat.+Syst. -
a3 - » 15F A 0.5 0.5
€ 100 =
& Q 1op
e o REIEET
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P-violation asymmetr M ToPAGoN

CMS Preliminary 19.7 fo' (8 TeV)

: : o = _
W The measured asymmetries show no evidence for CP-violation  %¢ PR
effects in tt events within uncertainties - DI e e
< == Estimated background

m Most of the systematic effects are canceled in the A, measurement 1

g

o
IIII|IIII|IIIIIIII|IIII|IIII
T

gois corm

B The total uncertainty dominated by the statistical component =
-The systematic uncertainty lower than 1% of the total uncertainty

-2

B e+l e M

o7 O7 O7

3 CMS Preliminary 19.7 b (8 TeV)
.°\_°. —4- ti events + 1o (stat.+syst.)
. . ?j 2 —4- Before background subtraction
tension observed for the combined A, ( O, ), at 26-level 2 %4 Estimated background

o
lllllllllllmll!lII|I||I|I||
i
i
:
i
i
i
i
]
T
:
—_——
1}
i
i
i
i
i
:
I
i
T
i

Alp (O;) /I e+jets p+ets (+jets |
@) —0.01 £0.61 +£0.01 +0.504+0.56+0.02 -+0.274+0.41+0.01
O3 —0.34£0.61+0.02 —-1.034+056+0.04 —0.7140.41+0.03 -2
O4 —024+0.61+0.02 —-049+4+056+0.04 —0.38+4+0.41+0.03 3
Oy —042+£0.61 =0.00 +04640.56+0.01 —0.0640.41+0.01 E Oe+u (04 ou
3 3 3
The first (second) uncertainty is of statistical (systematic) nature. The values quoted are in %. 31
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Where we are and where we are going?

ATLAS+CMS Preliminary LHCtop WG Vs = 8 TeV Sept 2016
tt asymmetry totdl ot T I A +(stat) +(syst)
ATLAS ltjets H—m=H 0.009 + 0.004 + 0.005
PJC 76 (2016) 87

ATLAS dilepton A" — - — 0.021+ 0.011+ 0.012
PRD 94, 032006 (2016) C

CMS l+jets tembplate ] 0.003 + 0.003 £+ 0.003
PRD 93, 034014 (2016)

CMS I+jets H—e—H 0.001+ 0.007 + 0.004
PLB 757 (2016) 154

CMS dilepton A" H s H 0.011+ 0.011+ 0.007
PLB 760 (2016) 365 C

Theory (NLO+EW) 0.0111+ 0.0004

PRD 86, 034026 (2012)

ATLAS l+jets boosted I I : o : |
(M_>0.75TeV && [Dy|| < 2) 0.042 + 0.019 + 0.026
PLB! 756 (2016) 52

Theory (NLO+EW) 0.0160 + 0.0004

JHEP 1201 (2012) 063

dilepton asymmetry

ATLAS dilepton A" [ 0.008 + 0.005 + 0.003
PRD 94, 032006 (2016) C

CMS dilepton A"
PLB 760 (2016) 365 C

ggDes%r%3&l§2%%g1%>\/v) 0.0064 + 0.0003

| | I
—0.05 0 0.05

Ac

¢ ATLAS report the first experimental measurement of Algﬁr strengthens the existing 2 ¢ limit on A%T and

0.003 = 0.006 + 0.003

. . . be
present an equivalent 2 g limiton A, .

4 Run 2 can probe some accessible regions of BSM models via more precise measurements or highly boosted events

»

4 Future measurements at \'s = 13 TeV with larger data sets are expected to have better statistical precision 32

AN

& With higher statistics, profit from associated productions (tt+W/photon/jet) to probe further A,
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From Tevatron to LHC

Fsm predicts no asymmetry at LO in QCD, and a small asymmetry at NLO N

Tevatron is asymmetric, valence quarks collide with valence anti quarks

LHC is symmetric, valence quarks collide with sea anti quarks eventsA
\ g-g dominated (symmetric) top pair factory: asymmetry is diluted 4 —top quark
—antitop quark
LHC
g t
e :
g ¢ + x(q)>>x(anti q) y
990G events
& ‘ ! | —top quark
A —antitop quark
o g Tevatron
g > t
g —c >mmm< + > B .
. ' L X(g)~x(@antiq) =
34

New physics may increase asymmetry

Mohsen Naseri TOP2016



Origin of asymmetry

SM predicts no asymmetry at LO in QCD, and a small asymmetry at NLO.

4 t )
! At
- g _ 1 g B
-

4 )
I\ ¢ l q t
q l q t/

(<) Interference bhetween ISR and FSR diagrams leads to a negative asymmetry valu

W
5
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riain of mmet

npr-»

r Could new physics be responsible to increase the charge asymmetry? N @

) Many theoretical models include new particles changing SM asymmetry prediction

¢} Interference between SM and new physics amplitudes can give sensitivity

‘\TN - )

L q T t
@
A g
u T _ L _
(d) t q t g t
t-channel mediator: s-channel mediator:
Exotic flavor changing vector bosons Interference between SM QCD and

exotic gluons with axial coupling

5
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From Tevatron to LHC

r Tevatron 1s asymmetric, valence quarks collide with valence anti quarks

» Forward-backward asymmetry

LHC is symmetric, valence quarks collide with sea anti quarks

» No forward-backward asymmetry

at LHC top quarks tend to be more forward than anti tops in the lab frame.

/ {
LA LAB
q q | \ q
LHC ; LHC ; LHC :

3 t > t = - \ /

D ‘6 B

O 5 L

q q q q B,
« 37
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i} One isolated lepton, p; > 25 GeV,
Nl <2.47(e), n| <2.5(w)

3 >4 jets with p; > 25 GeV and n| <2.5 @) = 4 jets with pp > 30 GeV and [n| < 2.5

» Event separated by: 0,1, > 2 b-tag jets @ > 1 b-tagged jet

&} MET + m;%V > 60 GeV for 0,1 b-tag events, @ mq" used in fit to constrain QCD
MET > 40 (20) GeV for 0 (1) b-tag events background

> Main background: W-jets L ~ 60% of total background W-jets

i} Signal in 1(>2) b-tag region: k J
| ~68% (89%) Of total yield |

N
(=)

o
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Di-l nic M remen TeV

charge asymmetry measured by: pseudorapidity of the leptons or the rapidity of the top
quarks.

Phys. Rev. D 94, 032006

e
' Event Selection THUE ‘r
E

i) e-e, u-u, e-pu channels

e, -1, e~ channel
(.} Two isolated leptons, pr > 25 GeV, \y W e-¢, p-p, e-p channels

Mol <2.47(e), n| <2.5(1) & Two isolated lepton, p; > 20 GeV,

n| <2.4

) > 2 jets with pp>25 GeV and n| <2.5

i» > 2 jets with p;>30 GeV and |n| <2.4
i) |my; —m, | > 10 GeV(e-e, p-p)

i jmy —m, | >15GeV (e-e, p-p )
i H>130 GeV(e-p)

i} Signal region with >1b-tag
i} Signal Regions > 1b-tag(e-e, p-p)

i} MET > 40 GeV(e-¢, p-p)
i) MET > 30 GeV(e-¢, pu-p)

i Background: 9% of total yield
.} Background: 15% of total yield

7

2]
»

AN

i} Main background: Drell-Yan, single top
":‘ Main background: Drell-Yan, single top ‘ .
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Charge asymmetry: template method rus. &%, 04014
EAVERY)
X.IOTS. _ IAntigymmetrig \(S.TQ.V!

- CMS |

2 -
5 Simulation ! E

—

l (.} Electron(muon)+jets channel l

ih A template technique based on a parametrization of the SM

Probability / 0.4
g —

o e
. , 0.50 ]
i} Symmetric and asymmetric component of MC template - _+_ $osjets
: " . —1F
fit to sensitive varlable\ - i 4 p+jets
_ -1.5( E
Y, =tanh(Aly]) L
p 217 06 02 02 06 1
ree
Symmetric (8 TeV)
ottt et
- CMS -
[ Simulation B
L ——
—0— —0—
_ +e+jets
o $u+jets ]
i ] /////
1740

0706 02 02z 08 I
m Template fit to the reconstructed Y. - . distribution to extract o parameter Yy

tt ,rec
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Charge asymmetry: template method euys. rev. 93, 034014
(2016
m Template fit to the reconstructed Y - .. distribution to extract a parameter
Y Y
p(a)=p +ap Ac Ao

x107° Antisymmetric (8 TeV) Symmetric 8 TeV) 19.6 fb™' (8 TeV)
< T LA LA L B IR L L D e - & i | ' ' ]
o - CMS o - CMS 1 o 800'_CMS ......
~ 1.5[ Simuiation ~— 0.251 gimuiation 1~ "UF n+jets
g ¢ 2 == 2 6001 =
= 1 = r — — 1 & C 1
< - < 0.2 13 400F -

- 0 L . C ]
o 0.5 0 = —e— 200 3

f_ 1 E 01 ] —2003— * 5 ]

B _ A 7 C ¢+ Data ]

3 | +e+jets ; detjets | 400¢ — Fitmodel |

g 4 +jets 05E $utjets | 600b—0Wod Upper 68% CL —

0.05] -
- B - 1 800t -~ Lower 68% GCL -
_ E TR SR NN SR B | N | 1 T | [ L L | | | |
2706 02 02 06 o 0706 02 02 o6 o -1 06 02 02 06 Trec//////
T Ty t 41
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Charge asymmetry: template method sy rev. o 93, 034014

(2016)
: : CMS 19.6 b (8 TeV)

B Symmetric and asymmetric component of MC template R 5 A

fit to sensitive variable CMS, template

(0.33£0.26 +0.33)%

\Y“— tanh (A |y|) CMS, unfold

(0.10£0.68 £0.37)%

B Total sys. uncertainty comparable to the stat. uncertainty Kiihn and Rodrigo

m Measured A_compatible with unfolding method but Bernreuther and Si
significantly smaller stat. uncertainty

POWHEG
m Larger model dependence, reflected in the sys. uncertainty
. . o . MC@NLO
B Sys. uncertainty dominated by the statistical uncertainty |
in the templates, T = 2
- will be reduced through increased numbers of events
Source AL (%)
e+jets 0.09 £ 0.34 (stat)
Hu+jets 0.68 = 0.41 (stat)
Combined 0.33 = 0.26 (stat) = 0.33 (syst)
POWHEG CT10 0.56 4 0.09 -—
MC@NLO 0.53 + 0.09 42

Kiithn and Rodrigo [8] 1.02+£0.05
Bernreuther and Si[9] 1.1140.04

P
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Boosted measurement Physics Letters B (2016),

Vol. 756, pp. 52-71

® Perform accurate measurements in events with
a tt” invariant mass in the TeV range.

m Decay products collimated for boosted top quarks i} One isolated lepton, p > 25 GeV

&} >1 small-R jet close to lepton
= Improved reconstruction at high energy (3 MET>20 GeV

o MET+MV>60 GeV

Hadronic decay as a single trimmed jet:
i} one Anti-kT R=1.0, Large-R jet
i} Trimmed:rsub=0.3
i Pr>300 GeV

© M, "™>100 GeV

S Further requirements:

% et i Ag(lep., large-R jet)>2.3

et i AR(lep., small-R jet)<1.5

o« | & ' AR(small-R, lage-R)>1.5

= : = & — V. i} > 1 b-tagged jet
| o m,->750GeV J .
500 1000 “.::;T).(I)WIIW» \ %‘3 )
M. [GeVic?]

tt

o
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