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In this talk
Recent results from DO
Some recent CDF+D0O combinations

See talk by Donatella Lucchesi for recent CDF results and more
Tevatron combinations

« Top quark physics
Top quark mass
tt production asymmetries

e Search for CP violating asymmetry in B* production
« X(5568) — B_n
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clltlorotorn collider ﬂ
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i Tevatron Run I: (1993-1996) SRR Tc\5tron Run ii: (2001-2011)
: A decade of successful running
...................................................................................... - Improved in performance over time

~12 fb' delivered per experiment
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D0 detectoriniunnl

2T Solenoid « Tracking and vertexing
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SEUTE AT o - Reverse toroid and solenoid
Scintillators i polarities regularly to cancel
detector asymmetries for charged
track reconstruction.
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Top quark mass

» Different analyses at DO depending on
Channel: mainly {+jets and dilepton
Method to extract top mass

» Consistency check t
Not sensitive to same systematics

* Reduction of systematic uncertainties

Jet Energy Scale from in situ calibration in
£+jets channels exploiting M, ~80.4 GeV

~

M ~ 80.4 GeV

Template method
* Choose kinematic observable(s)
* Create MC templates at different

m
top

Matrix Element (ME) method
* Define likelihood from matrix elements, PDF,
transfer functions (parton p« jet p.).

P(Z,my, JES) = 7 [ do(§,m) f (1) f(&)W (&, §. JES)dGidg

b, [GeV]
templates in dilepton v-weight analysis

* Likelihood E 80}:%1:::172.56ev D@, 9'?,f9-1 Pevt = JfeigPsig (T, my4) + (1 — fsig) Porg (T
ftt b t W | - 1f,m=165 GeV ft— ¢#vevbb & & 2 S agn
LIO DESL g aof tmetancey oot ® ||| ¢ Integrate over unmeasured quantities or
template g ¢ goeeer il quantities with a significant measurement
", uncertainty
. « CPU demanding
.% ﬁ: CFOSS-SeCtIOH methOd
N
0%% 40 160 180 200 _ 220

Derive top mass from measured cross section
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e Very pure channel with low background
« Kinematic underconstrained

because of two neutrinos

o Extract maximum information
with ME method
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Top massiindilepioNEVERLS ﬂ

« Mass extraction with ME method 17 -
- Use JES calibration from DO {+jets 0,
measurement [PRL 113, 032002 (2014), PRD 91, 8-
112003 (2015)] to reduce by ~3 the JES o
uncertainty I
Maximization of ME-based likelihood 8 /
m =173.93 + 1.61 (stat) + 0.88 (syst) GeV e TR

m, (GeV)

om/m =1.1%  PRD 94, 032004 (2016)

* Previously published dilepton measurement using templates and
neutrino-weighting technique

m =173.32 + 1.32 (stat) £ 0.85 (syst) GeV
om/m, = 0.9% pLB 752, 18 (2016)

e Statistical correlation 64 + 2 % between the two measurements.

« Combined Run Il dilepton measurement Dominant uncertainties
— JES (stat) uncertainty from
m =173.50 + 1.31 (stat) + 0.84 (syst) GeV t+jets calibration

DO-Conf-6485 (2016) 5 _nao, * Signal model
. m/m = 0.9% ey .
to be submitted to PRD e ° Statistical uncertainty
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Top mass from InClUSIVeICHOSSESEEAIN

» Exploit dependence as a function of top mass

- Measure cross-section for different top mass hypotheses
= Dependence due to variation of acceptance

- The theoretical prediction depends on the top “pole mass”
= Use NNLO+NNLL pQCD calculation top++

« Construct a Bayesian posterior probability of the top mass

- Flat prior on top mass

e Extract top mass

- Advantage: well defined “pole mass”, as
opposed to “MC mass” obtained in
direct measurements

my = 172.8 £ 1.1(theo) 53 (exp) GeV
my = 172.8 £ 3.3 GeV

f)mt/mt =1.9%

- Improvement over the 5.3 fb' result
167.5"°2,  GeV (PLB 703, 422 (2011)) due

to reduced dependence of measurement
VS mass

PRD 94, 092004 (2016)
A D0 9.7 fb™

+ Measured o(pp— tt+X)

— Measured dependence of ¢

— NNLO+NNLL

~~~~~~
......
SNeNT
! heY

------

Ta g ~
.......

160 170 180 190
Top quark pole mass (GeV)
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Top mass from differentigificrosSsEs

Differential cross-sections as a function of relevant kinematical
guantities are sensitive to top pole mass

% 1 (a) DO Preliminary, 9.7fb™ -'g 3_ (b) DO Preliminary, 9. 7fb

o o + DO Data (PRD 90 092006) -g m::g z,m, j‘gg gzz

-g_ 10 F - —NNLO, m§:e=173.SGeV
. i} = 2 o e Eepa

. Use m(tt) and p.(t/t) as =) g | I

variable of interest £
~

o [ 1

, : O 104F ]

- Exploit DO t+jets : }
measurements (PRD 90; 092006 1ottt 1., Ollee v bt 1.,
(2014)) 400 600 800 1000 1200 400 600 800 1000 1200

m(tt) [GeV] m(it) [GeV]

. Compar_e with NNLO QCD % | (a) DO Preliminary, 9.7fb™ % 3_ (b) DO Prellmlnary,,97fb1
calculations O o1t + DO Data (PRD 90 092006) -g m::g zﬁ, jgg gzx
(Czakon, Fiedler, Heymes, and Mitov ﬁ B‘ [ —::tg gﬁ;j];g-gg\f"
JHEP 1605, 034 (2016)) .:E : = 2r — NNLO, m?**=190 GeV

o
oo
A
8 :
)| ISP B e 0-
0 100 200 300 400 500 0 100 200 300 400 500
p,(t7) [GeV] p_(t7) [GeV]
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Mass from differential’c

* Mass extracted from fit to unfolded data
- Determine correlation matrix for unfolded data
- x2(Data- theory) minimized to determine mass and experimental uncertainty
- Extract mass assuming different scale/PDF to obtain theory uncertainty.

(b) DO Preliminary, 9.7fb™

—
L=
o

® Datavs. NNLO (MSTW2008) (b) DD PI’Elimmar}f 9 be-'l
y I
Scale uncertainties NLO vs. do/dX |—qeqy 167.3 £+ 2.6
—Fit g :239 [This article]
. wrr

min @ NNLO vs. do/dX e d 2.
[This article] 1691225
é DO (NNLO+NNLL 0, ) |—g—y 172.8 + 3.3

[arXiv:1605.06168]

ATLAS (tf+1j +
.\// [JHEP 10 (2015 e 173.7 £2.2

CMS (NNLO+NNLL o,

[PLB 728 (2014)] ' ! —e— 176.7 £2.9

160 170 180 190

Combined y2(m(il), p‘T"")
S

o

m, [GeV]
Tevatron average ol 174.30 + 0.65
m, = 169.1%1.1 (theo) +2.2 (exp) GeV P
) [arxiv-1606.02179] ke 172.84 £0.70
Smt/ m = 1.5% prg%cé%ng&qgtﬁnn ol 172.44 + 0.49
165 170 175
DO conf 6473 (2016) Top quark mass [GeV]
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DO final top'massiCominEatioN

e DO combination

- Combine Run | and Run Il direct measurements in {+jets and
dilepton channels

- Since last combination §2011): updated measurements in {+jets and
dilepton channel using full Run Il data

« Combination accounts for all uncertainties and their correlation
- Use BLUE (Best Linear Unbiased Estimate)
- X2 /ndof = 2.5/3, prob = 47 %: good consistency between the

measurements
Run I Run II
{ + jets £0' £ 4 jets 44
In situ light-jet calibration n/a n/a X X
response to b, g, and g jets n/a n/a X X
Model for b jets X X X X
Light-jet response ® ® X X
Out-of-cone correction X X n/a nj/a
Offset X X n/a njfa
Jet modeling n/a n/a X X
Multiple interactions model n/a n/a X X
b tag modeling n/a n/a X X
D0-Conf-6485 (2016) Lepton modeling n?a n?a X X
to be submitted to PRD Signal modeling X X X X
Background from theory X ® X &
Background based on data n/a n/a 0 0
Calibration method 0 0 0 0
Statistical 0 0 0 0

| correlation table
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DO final top'massiCominEatioN

Combined

) ) value (GeV)
DO luminosity m, = stat t+ syst - ——

. In situ light-jet calibration 0.41
Run | Dileptons b 0.1fb" i 168.4 +12.3 +3.6 GeV Response to b. g, and g jets B
+12.8 GeV Model for b jets 0.09
Run | Lepton+jets 0.1 fb™ H | I13(1.1 + 3.6 +3.9 GeV Light-jet response 0.21
+ 5.3 GeV Out-of-cone correction < 0.01
Run Il Dileptons 9.7 fb™! 173.50+ 1.31 + 0.84 GeV Offset < 0.01
H + 1.56 GeV Jet modeling 0.07
Run Il Lepton+jets 9.7 b H 174.98 + 0.41 + 0.63 GeV i"[:mpl“ ;“Jl“f“‘r"““”“ model E‘i:

+ 0.76 GeV a8 modenns |
DO combined M 174.95 + 0.40 + 0.64 GeV ;‘F‘P’“”l“ m‘;d‘f}mg ES;

+ 0.75 GeV 1gnal modeling :
Background from theory 0.06
World average (preliminary 2014) Loy 173.34+ 0.27 +0.71 GeV |  Background based on data 0.09
+ 0.76 GeV Calibration method 0.07
- ) . 1 N GeV Systematic uncertainty 0.64
Run Il tt cross section 9.71b I I 728 t 3.3 Ge Statistical uncertainty 0.40
L . 1 . 1 . 1 . 1 . 1 Total uncertainty 0.75

150 160 170 180 190 200
Top Quark Mass (GeV) Dominant uncertainties
* JES uncertainty from £+jets
_ calibration (statistical origin
m. = 174.95 % 0.40(stat) + 0.64 (syst) GeV ration (statistical origin)
» Statistical uncertainty
DO0-Conf-6485 (2016) Bmt/mt =0.43%-+* Signal model

to be submitted to PRD
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Tevatron top massSunmmensis)

 All DO and CDF inputs are published. Combined
. . value (GeV
e Perform BLUE combination 7 150 !
« X2 /ndof = 10.8/11, prob =46 % Tn situ light-jet calibration (iJES) 0.31
- Good consistency between measurements Response to b/q/g jets (aJES) 0.11
. . . . Model for b-jets (bJES) 0.10
° Comblnatlon d0m|nated by [+Jets Out-of-cone correction (cJES) 0.03
Channels Light-jet response (1) (rJES) 0.05
m, = 174.30 % 0.35 (stat) + 0.54 (syst) GeV Light jet respanse (2) (4.155) o
t Lepton modeling (LepPt) 0.01
Sm/m = 0.37% Rl Signal modeline (Sienal) 0.36
£ ' Q&" Jet modeling (DetMod) 0.05
[ 06— & b-tag modeling (b-tag) 0.07
_ o E Background from theory (BGMC) 0.04
Dominant uncertainties g 0.5 Background based on data (BGData) 0.07
* JES uncertainty from {+jets g Calibration method (Method) 0.07
calibration (statistical origin) = o4 oo Offset (UN/MI) 0.00
« Statistical uncertainty s \qud““ Multiple interactions model (MHI) 0.06
o S|gna| model %‘ 0.3— » Systematic uncertainty (syst) 0.54
'g Statistical uncertainty (stat) 0.35
0.2 Total uncertainty 0.65
£ &
2 0.1 & Q‘\°Q s & Rl
E N < ’\\6‘\ th"“‘agq }‘&\;\\ S\\e@' \@Q\O«; }}\;F‘*
P F &

Analysis
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Tevatron toprmass

arX1v:1608.01881, DO Note 6486, CDF Note 11204

m = 174.30 £ 0.35 (stat) £ 0.54 (syst) GeV
om/m = 0.37%

Not final:

Expect an improved CDF {+jets
measurement in a few months

Mass of the Top Quark
July 2016 (* preliminary)
CDF-I dilepton * 167.4+11.4 103+ 4.9)
DO-I dilepton * 168.4112.8 (+123+ 3.6)
CDF-l dilepton -3 1715432 19+ 25)
DO-II dilepton * W | 173504156 (+1.31+0.84

CDF-I lepton+jets

DO-I lepton+jets

<
176.1£7.3 (*51£53)

_—
180.1£ 5.3 (*36% 3.9)

CDF-Il lepton+jets 1 172.8541.12 052+ 0.9)
DO-I lepton+jets F 174.98+0.75 (:0.41% 0.63)
CDF-I all-jets 135_34_41,5 #10.0% 5.7)
CDF-Il all-jets T 175.07 +1.95 (+1.19+ 1.55)
CDF-II Lxy * 166.90 £9.43 (+9.00+ 2.80)
CDF-Il MET+Jets T 173.93+1.85 (:1.26+1.35)
Tevatron combination * | | 174.30 +0.65 (+0.35+ 0.54)

(£ stat = syst)
¥2/dof = 10.8/11 (46%)

150 160

170 180 190
m, (GeV/c?)
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Tevatron tt forward=backwardiEsymnena) (A, g

top
. QCD + EW theory predicts positive asymmetry in  1€Vatron aniitop

tt production: top quark tend to go in the same N

direction as incoming proton at Tevatron m
g ——yverereen —t 4 4 S

T g
_ 1 g ) >'§“< B = Main positive contribution due to interference

q —ft q t between born and box diagrams
t
q t q g
>'3"€‘ S8 + Negative contribution in ISR/FSR
q t q t interferences
......... > t
q s t 49
B 7 ! 7/ = Also non negligible impact of interferences
q — - q 1 { between QCD box and electroweak diagrams
t : oy
1 * New Physics could affect quantitatively the
asymmetry
q NP i - Eg axigluon models
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A__ Historyi(d)

N(Ay>0)—N(Ay<0)

 Observable: App =

NAY>0+N(AY<0) ¢ forward-backward asymmetry
AY =y~ Ui SM, 2006 % P+ets
1 Z PRL 100 142002 (2008)
DJ, 0.9 % : i Bttt
* Alot of excitement in the past years: CDFngb PRL 101, 202001 (2008)

Tevatron {+jets analyses were
showing departure from SM CDF, 5%&;‘ __PRD 83, 112003 (2011)

expectations ‘ |
[%5 41 PRD 84, 112005 (2011)

0 01 02 03
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A__ Historyi(2)

_ _ N(Ay>0)—N(Ay<0)
« Observable: Arpp = N(AZ>0)+N(A5<0)

tt forward-backward asymmetry

AY =Y — Yz SM, 2006

% t+jets
Z PRL 100 142002 (2008)
D@, 0.9fb1Z gy L ey
* Alot of excitement in the past years: CDFngb PRL 101, 202001 (2008)

Tevatron {+jets analyses were
showing departure from NLO SM CDF. 5%&;‘ __PRD 83, 112003 (2011)

expectations ‘ |
L D%bemRD 84, 112005 (2011)

 More recent publications:

NNLO+EW SM expectations SM. 2014

evaluated to be higher: {

More data, more refined - . PRD 90, 072011 (2014)
analysis: DJ, 9.7fb"  +—e—

NN\

= |atest experimental results are lower
= More compatible with SM

 |In 2015-2016 DO and CDF also published
latest measurements in dilepton channels

0 01 02 03
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Tevatron combinaticnENr

ICIDIE

Use BLUE method to combine CDF and DO

large statistical uncorrelated uncertainties
main correlation from signal model ~ 10%

FERMILAB-CONF-16-386-PPD (2016)

Tevatron Top Asymmetry Tevatron Preliminary

tt asymmetry
N(Ay>0)—N(Ay<0)
N(Ay>0)+N(Ay<O0) Agi=si;

App =
— Y

1.3 s.d. higher than NNLO prediction

lepton gn asymmetry

Al — Nelgxn>0)—Ne(gxn<0)
FB Ne(gxn>0)4+N¢(gxn<0)

1.6 s.d. higher than NNLO prediction
dilepton asymmetry

ALt — N(An>0)—N(An<0)
FB N(An>0)+N(An<0) An =1 —n-

1.3 s.d. higher than NNLO prediction
Note: the 3 results are correlated

Conclusion: results compatible with SM

tt Ay Asymmetry (AtFTB)

- -4

o 16.4 +4.7
S 1) 12 13
CoLepin, i 710 10.6+3.0
50 Biegios 71 17.5+6.3
Tevatron combination 128 +2.5

Lepton qn Asymmetry (A_ )

: -1
corimemeea) L Hosi ¢
i e Loy
PRD 90, 072001 (2014) _1 I >~ = 37
e - 44+39
Tevatron combination — 7.3+2.0

Lepton An Asymmetry (Al)

CDF Dileptons (9.1 fb™)

PRL 113, 042001 (2014) | 76 i_ 82
DO Dileptons (9.7 b™)

PRD 88, 112002 (2013) —_—— 1 2 -3 i 5 -6
Tevatron combination — 10.8+4.6

NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)
NNLO SM, M. Czakon, P. Fiedler and A. Mitov, PRL 115, 052001 (2015)

0
Asymmetry (%)

20

40
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CPV asymmetryanNsia=su;

* Direct CP violating asymmetry defined as

B —

p~ ;D) —T(B+ — p+v,D")

ARPY
rB- —

 Motivation

=1, D) + T(B+ — ptv,D")

- Never measured before

y )Y

W+

ﬁ
/

w

\Y
e }D()
u

PRD D89, 012002 (2014)

- AP Expected to be 0 in Standard Model s n
. . . . DA, 104 fb’ b
- Try to explain like-sign dimuon asymmetry sM
= DO measured like-sign dimuon asymmetry with o ALY ==
significance of 3.6 sd B Ap TPIP1] et |
= CPVasymmetry in B* — uvD® could be a source Aoy TPIP 12 —
of like-sign dimuon asymmetry o |
= Would require fp: x A*P =0.5% bt
— AMD° ~ (0.8%, Agp TP,IP,=22 I_
Aqp TP,IP,=23 ——l—
Aqp TP IP,=33 —— I
1 | L1 1 | 1 1 | L1 1 | |
-0.6 -0.4 -0.2 0
Asymmetry (%)
i Nttt - N——
CF T N+t N-—-
La Thuile — Recent results from DO and Tevatron 19
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Raw asymmetny/Ameasunen

Selection:
- Select D° candidates (D° — Krt*)
- Mass range 1.40 <M(Kn)<2.20 GeV

L DO Run II, 10.4 fb™
N(u:D%) = (3.547 = 0.005) x 10°

ﬁb;‘ :[)()_% If;o
A candidates

Events/10 MeV/c?
o
[

=)
)
%
S
5
%%
%
000

KRR

Potetett o

$%%
:’:‘

QL
QX

&5
&
0%

%
S
%
35S
5SS
2026

b
et
/A(

e Simultaneous fit of sum (B*+ B") and o4 I \
difference (B* - B") to disentangle signal om M
from backgrounds 0z ¥

I [[[I[] Combinatorial
N N il
- Measure Araw — K 94 1.6 1.8 2 2.2

M (K*x%) [GeV/c?]
NH—DO = N/ﬁ'ﬁo 10°

[=]

. A_=[-1.12+ 0.08 (stat) + 0.008 (syst) % Y
LSS |

V’I {
*i

%!

%

:
’K
Lo

' DO - D°
candidates

N(wD%)-N(uD’)/10 MeV/c?

|
(3]
e
P2
T [RRKKR
v
- — —

e Data

L DORunll, 10.4 fb™ Op° K =
A(wD% = (-1.12 £ 0.08)% BED - K nX
1 (][]} Combinatorial
-10— Background
1 1 | I 1 1 | | 1 1 1 | 1 l |
1.4 1.6 1.8 2 2.2

M (K*%) [GeV/c?]
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Correct for dilution, detector and physics effects:

1
f_B (Araw - Adet - Aphys)

Determine detector asymmetry using well established methods
- As done in like-sign dimuon asymmetry or B semileptonic asymmetry
(PRD 86, 072009 (2012))
v A EAAFALS-1.02 £0.08 (syst)]%

MC to determine

Dilution of signal in other sources of D°%uX events
- £.=56+0.2%

Fraction of B, (35.2+0.2%) and B_ (1.8+0.1%) contributing to D°uX

final state and yielding possible physics asymmetry
- A, =[-0.0240.02]%

Result in agreement with SM value of 0 PRD 95, 031101(R) (2017)
0
APP =1-0.14 £ 0.14(stat) =+ 0.14(syst)]|%

AP =

= too small to explain like-sign dimuon asymmetry
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Last year we published evidence for a new

states decaying into B_+ 7
(Phys. Rev. Lett. 117, 022003 (2016))

. X— B mt, B, —»Jhy ¢ (Jy — w0 — KK)

5.1 sigma or 3.9 sigma excess

depending on the cut 0
M, = 5567.8 + 2.9 MeV o, 8

[, =21.9+6.4MeV s
Relatlvely large width 3 :
cannot be a weak decay =

- 4 flavors are in the final state - 4 =z,

flavors are present in the initial
state.

Evidence for a tetraquark 7?7
B 0

.,ﬁ

1

Residuals (Data-Fit)

w 9 Feb. 2017, B. Tuchming

La Thuile —

15F
10F

-10F

Recent results from DO and Tevatron

Tl

a) NX:133:|:3 | . DO Run II, 10.4 fb'

DATA
Fit with background shape fixed

o

---. Background
............... Signal

o

o

o

0

0

h o

.......................................

[GeV/c?]
22



o111 3

 LHCDb produced similar analysis (Phys. Rev. Lett. 117 152003 (2016))

First (quick) analysis performed for
Moriond QCD 2016

Final analysis for ICHEP E’ “7F LHCb p(B) > 10 GeV Ec“w_
Jly ¢ and D_r channels w E
No signal observed a ¢ b f
Yield relative to B_ smaller than 2.4% at & ¢ AL
95% CL (to be compared to DO T E
measurement of 8%) S = 3
e CMS has produced similar analysis for 0™ 5560 5600 5650 5700 5750 5800 5850 5900 5950 6000
ICHEP (CMS-PAS-BPH-16-002) m(B%x:) (MeV)
No Signal observed e (_:MS Preliminary 19.7 " (8 TeV)
Yield relative to B_ smaller than 3.9% at 2 @ JNEE
95%CL gmog_ * {
« Mystery why nothing is seen at LHC gzzz: ;

Problem in DO analysis ?
Different production modes for X and/or B, ’?O o00F

2 TeV vs 8 TeV i
" pp Vs pp 200¢
P ey Sy SR

AM(Bm )+M(B°) . [GeV]
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B_+ 7* state injsemiFieptonicchcniel Nyl

u+

« Enhancement seen in data ~ as expected

N B HE I I I

DO had a look at a semi-leptonic channel for ICHEP16 v
. X — BSO Tci . W+ )
B D, v B . . }D:
D - — o7
(I) — K'K « 25-10°
~ 90% of D_u arise from B S | DOPreliminary
S s 2 oL 104fb" D_peak
~8000 B_observed. Expect ~150 X events ¢ ¢ s
§ 1'5;_ D* peak —— Signal Fit

-------- Background Fit

© - 3 e SSRGS . O
> 2501 = 05[-
q) - — [
= F 441t - :
> 200 " f;ﬁ**** * +%*+***+****++ gt e
& F ++H> *{ﬁ ¥ t3 L ; T
T - * = M (9rc) [GeV/c?]
L C e, L -1 ]
100:_ 3:*: . DO Preliminary 10.4 fb — DO-Conf-6488
- X) e Data . .
50+ m( +  MC Background Simulation—
T Expected Signal .
0 5600 5700 5800 5900

M(Bgni) [MeV/c?]

 Now working on proper modeling of signal and background to assess
significance of the excess. We expect an update in the next couple of

_weeks.. Stay tuned
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_ Sumiici/E <

« Still new results appearing 5 years after Tevatron shutdown

 Top quark physics.
- Precise measurements of top quark mass
- Latest measurements and combinations to finalize Tevatron legacy
= Top quark mass measured with 0.43% accuracy at DO

= Top quark mass measured with 0.37% accuracy at Tevatron
= ttA_, inagreement with Standard Model

 New ideas and new measurements in the heavy quark sector
- CP violation test using B* semileptonic decays
- Evidence for new state X(5568) — B_n*

* Also electroweak analyses to appear soon
- sin®0,, fromZ — uu A,
- W mass measurement using full data set
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Support'slides
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J99) DU ozloar ﬁ

_ — o Phys. Rev. Lett. 117, 022003 (2016)
* A new state X(5568) produced in pp collisions arXiv:1602.07588

The significance is 5.10 / 3.90 with/without the cut AR<0.3

m=>5567.842.9 (stat) T3 (syst) MeV
(m=5568+48 MeV if X — Br*)

I' = 21.0 + 6.4 (stat) 732 (syst) MeV

o(X(5568)) x Br(X — Bo7¥)
o(BY)

+ X—B_mJP=0or X — B mt JP=1'

R —

= (8.6+1.9+1.4)%
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Submitted paper in February
Main result obtain with AR<0.3, 5.1 sigma significance
- Analysis without cut performed as a cross-check

However AR<0.3 cut modifies the mass spectrum

Hint that some backgrounds (may be
B_* — B_ n’n* (not in simulation)) are
removed by this cut.

This was motivation to keep this cut

We believe we control the change in
mass spectrum for signal due to this cut

PRL feedback

= Keep the analysis as it is, but use
significance as obtained without cone cut

i
o
o

N, =106 3’3W | |

N events / 8 MeV/c?

il

. DATA

Fit with background shape fixed
---. Background
--------------- Signal

= 5.1 sigma — 3.9 sigma
Published version: “Evidence of a new

state”
Phys. Rev. Lett. 117, 022003 (2016)

Residuals (Data-Fit)

.......................................
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World combinationiViarGCiinZiueg

Tevatron+LHC m,,, combination - March 2014, L =3.5fb"'-8.7 fb"
ATLAS + CDF + CMS + DO Preliminary

COF Runil. I+jets NP 172.85+ 1.12 (0.52 + 0.49 + 0.86)
L S S N — 170.28 + 3.69(1.95 - 3.13)
CDF Runll, all jets [ —— 172.47 + 2.01(1.43+ 0.95 + 1.04)

CBF Runll, E™*+jets _
. : b —— 17393+ 1.85(1.26 + 1.05+0.86)

DO Runll. [+jets Pt 174.94 + 1.50 (0.83 £ 0.47 £ 1.16)

0 Runll. dHepton - * =0 174.00 + 2.79 (2.36 + 0.55 + 1.38)
ATLAS 2011, l+jets — 10t =t 172.31+ 1.55(0.23 + 0.72 4 1.35)
ATLAS 2011, dl-epton _— = 173.09 + 1.63 (0.64 £ 1.50)
CMS 2011, IHjets — et —t 173.49 + 1.06 (0.27 + 0.33 + 0.97)
N - (et —_— — 17250+ 1.52(043  +1.46)
CMS 2011, alljets —_— = 173.49+ 1410068  +1.23)
World comb. 2014 /™ =310 =i 173.34 £ 0.76(0.27 £+ 0.24 + 0.67)

25 TevatonMarcn2013 (Run i+l riosa 173.20 + 0.87 (0.51:0.36 £ 0.61)
20 Lhe September 2013 T O i 173.29+ 0.95(0.23+0.26 + 0.88)
- | | | ToTaJ (stat. syst.)

165 170 175 180 185
My, [GeV]
m, = 173.34 £ 0.76 (total) GeV arXiv:1403.4427
om/m = 0.43%
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LHC (direct) meastrements

August 2016

mi -1 -1
ATLAS Preliminary - m__ summary - Aug. 2016,L_=461"-20.31
0p int
! My, & lob (stal £ JSF 4 bUSF £syst)
al ot B P CTS 015 68 | il {751 18 (14 +12)
L, =460" :
single top* CONF201455 |—|—a—||——| 1722 +21 (07 £20)
L, 203 |
|
- Wjets E”"_Z“ﬁ';m”“w P 1723 £13 (02 £02607 £10)
- |
- dlepton E”"mfcmm”” —_— 1738 +14 (05 H13)
il = |
- Glpion Y86z it 1730 +08 (04 £07)
in = & |
|
alljets' EO”:‘FZ‘S‘;‘[‘;?“ I-I-H:-I-I 1738 +12 (08 £10)
|
i
|
n e B Py, 74 014) 3109 4 : 25
oftt) dilepton L st :. 1729 t5;
2 4o JHEP10(2015) 2 ! 23
E f—— — A
oftt+1-e) L b | 1787 15,
|
|
N ATLAS Comb. £ 10
| — st Uncertainty
| i
ATLAS Comb. June 2016 (arscors " stat. ©JSF 6 bJSF uncertanty
172841070 ; ——fofal uncertainty
: *Preliminary, —Input to comb.
|
| l | |
mlop [GGV]

m, = 172.84 £ 0.70 (total) GeV

ESmt/rnt =0.40%

September 2015

I | I I I I I I [ I | I I I I I

CMS 2010, dilepton ® 175.50 + 4.60 + 4.60 GeV

JHEP 07 (2011) 049, 36 pb’ (value * stat + syst)

CMS 2011, dilepton : 172.50 + 0.43 + 1.43 GeV

EPJC 72 (2012) 2202, 5.0 fb” (value + stat + syst)

CMS 2011, all-jets O 173494069+ 1.21 GeV

EPJC 74 (2014) 2758, 3.5 o’ (value = stat + syst)

CMS 2011, lepton+jets N O 173.49 + 0.43 + 0.98 GeV

JHEP 12 (2012) 105, 5.0 b’ (value + stat + syst)

CMS 2012, dilepton . 172.82 £ 0.19 + 1.22 GeV

This analysis, 19.7 fo™ (value + stat + syst)

CMS 2012, all-jets NS 172.32 + 0.25 + 0.59 GeV

This analysis, 18.2 fo™ (value + stat + syst)

CMS 2012, lepton+jets INY 172.35+ 0.16 + 0.48 GeV

This analysis, 19.7 fo™ (value + stat + syst)

CMS combination 172.44 + 0.13 £ 0.47 GeV
(value * stat + syst)

Tevatron combination (2014) o=

arXiv:1407.2682 174.34 + 0.37 £ 0.52 GeV
(value =+ stat + syst)

World combination 2014 —

ATLAS, CDF, CMS, DO 173.34 £ 0.27 £ 0.71 GeV

arXiv:1403.4427 (value * stat + syst)

| | | | | | | | | | | | ] | | | I | |

m, [GeV]

m =172.35 + 0.51 (total) GeV

Srnt/mt =0.29%

G

- Saclay
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Top pair productichiSignELurE ﬂ

> Top decays into Wb (99.82%). Then W— ev or uv or tv or jets.
Decay products with high momenta, large angular separation
Expect to reconstruct energetic objects: e, |, jets, E_ .

- Tagging of b-quark jets to improve purity Lepton+jets channels:

--Large yield but

utjets
15%

All jets
46%

- Pure, but low yield (4.5%). :
- [LlL] . Kinematic underconstrained :
Channels 4 ;

20%
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DO top mass: comiinauiion

« Run | and Run Il measurements in |+jets and dilepton channels.
m =174.95 + 0.40(stat) + 0.64 (syst) GeV

DO Run I DO Run II
£ +jets £€" £+ jets 44
‘J"E dt 0.1 0.1 9.7 9.7
i 180.10 168.40 174.98 173.50
In situ light-jet calibration n/a n/a 0.41 0.47
Response to b, g, and g jets n/e n/e 0.16 0.28
Model for b jets 0.71 0.71 0.09 0.13
Light-jet response 2.53 1.12 0.21 0.31
Out-of-cone correction 2.00 2.00 n/a n/a
— Offset 1.30 1.30 n/a n/a
Run I Run II .
€4 jets €6 €4 jets 00 Jet modeling n/e n/e 0.07 0.14
In situ light-jet calibration n/a n/a w w Multiple interaction model n/e n/e 0.06 0.07
response to b, ¢, and g jets n/a n/a X X b tag modeling n/e n/e 0.10 0.22
Model for b jets X X X X X
Light-jet response ® ® w % Lepton modeling n/e n/e 0.01 0.08
Out-of-cone correction X x n/a nf/a Signal modeling 1.10 1.80 0.35  0.43
Offset X X n/a n/a
Jet modeling nfa mn/a » 9 Background from theory 1.00 1.10 0.06 0.05
Multiple interactions model n/a n/a  x X Background based on data n/e n/e 0.09 0.06
b tag modeling n/a nfa X X Calibration method 0.58 1.14 0.07  0.14
Lepton modeling n/a n/a X X
Signal modeling W W W 3 Systematic uncertainty 3.89 3.63 0.63 0.84
Background from theory X ® X ® Statistical uncertainty 3.60 1230 0.41 1.31
Background based on data n/a n/a 0 0 -
Calibration method 0 0 0 0 Total uncertainty 5.30 12.83 0.76 1.56
Statistical 0 0 0 0
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Optimization of systematiCARNCERIINIE

A dominant uncertainty due to the scale of the jet energies: JES
JES calibrated in y+jet events has ~ 2% uncertainty
A 2% shift on JES yields ~1% shift on the top mass in dilepton events

« Simultaneous measurement of top t
mass and JES scale factor kJES and in
{+jets channel

JES constrained in-situ using dijet mass
from W — qq' decay

~

M ~ 80 GeV
m=174.98 +0.76 GeV 5 1050 DO Collaboration.
kJES= 1.025 + 0.005 Sm/m =043% 8 [ - fi->leptonsjets |

' pr 104, 5 a . . LS97RT
PRL 113, 032002 (2014) 2 | ol L
PRD 91, 112003 (2015) S i
T 1.021 .
» kJES factor propagated to the dilepton ; ; I
channel 2 1.01} -
* Reduce by ~ 3 the JES uncertainty = [m=174.98 £0.76 GeV i

172 173 174 175 176 177

top quark mass (mt) [GeV]
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