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and b-jet Energy Scale
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Tevatron pp at /s = 1.96 TeV
shutdown at end of September 2011 [ dt=10fb?!
FINAL analyses based on Run Il data sets 2001-2011

uniquely pp !
CDF II: displaced vertex triggers D@: excellent u-id and coverage
PID by dE/dx and TOF flip solenoid & toroid polarities
for Asymme}ry measurements
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We are grateful to the Fermilab Scientific Computing Division for its
continuing support of computing infrastructure for these analyses
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Lots to cover, so

Unless they are vital to a specific analysis,
I’ll try to separate and brush over
the mundane features, such as
triggers, event selection, p; cuts,
mass windows & sidebands, etc.
Of course, this information will be available
in the back-up slides
I’ll skip this info unless asked.
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Importance of EW studies

attack the Standard Model from many directions,
using e*e’, p-pbar, p-p, and v beams to study

WA, 29, sin® @, t-tbar, Higgs

venfymg cons:stency or searching for deviations
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DO Top Mass Combination

2 FERMILAB-PUB-17-079-E arXiv:1703.06994 now submitted to Phys. Rev. D
(7,) |

o

£ DO

= Run | Dileptons |, | " 168.4 +12.3 + 3.6 GeV
© i ¢ I

]

;30 Run | Lepton+jets e ;180.1 + 3.6 +3.9 GeV
Q 1 1

k=

0o Run Il Dileptons 173.50+ 1.31 = 0.84 GeV
= | |

(72)

©

g Run Il Lepton+jets Hol 174.98 £ 0.41 + 0.63 GeV
: )

< v | DO combined Hel 174.95+ 0.40 * 0.64 GeV
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5 using ot tbar) to calculate t-quark pole mass |

L Run Il tt cross section 172.8 + 0.7 +3.2 GeV
© I |.I |

e Phys. Rev. D 94, 092004 (2016) . . .
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13.01.2017 Wine & Cheese V. Shary: Legacy Top Quark ‘Properties

Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017

18



new DO smzeeff Pt for Z/y* - u u

preliminary - DO Note 6497-CONF March 17, 2017
https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/EW/E42/E42 .pdf

* The forward-backward asymmetry Aq arises from the
interference of the vector and axial vector couplings.
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— i 8 J? ;_,L{ f_ _f )f‘Z gV - [3 B ZQfSIH e“'v
2 cosOy Yo\Ey T 8aVsM L 7 P
z . gy = 1

f
e f 2 g |4 _
Sin'®er =20 " ) Em: o Fera,

« Convert sin?B.¢' to sin*By using conversion factor calculated
using ZFitter (depends on well known M3): Re(k) ~ 1.037

M,
M|

2
Z

(“on-shell™)

sin“6." = Re[x,(M,)] - sin“6,, sin’6, =1 -

(“effective”, Zfitter)

Can be directly measured via Parity-violating observables at Z-pole
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new DO smzeeff ePt for Z/y* - u u

Measure background-subtracted A.; in the Collins-Soper
reference frame (minimizes effect of p; of the di-lepton)

antiproton

2pipi - pipi)
m(ff_)qulmj(ff) + pi(ll)

cos @' =

pl — po + Py calculated in
LAB frame
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new DO sin@ ;" for Z/y* - u u

angular distribution in Co lins-Soper frame

do/dcos 6* ~ 1 + cos? 0* + A, cos 0*

where around the Z° pole, A ;(m) = % A4(m)

The directly measured A,* corresponds to
PYTHIA Born-level (parton-level) sin?0 2
and needs higher order QCD, QED, & EW corrections

A;” also measured at LHC,
but without valence anti-quarks in beam,

needs to assume longitudinal boost of Z caused by
valence quark annihilating with sea anti-quark

sometimes incorrect = dilution
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Data-MC dimuon mean effective mass (GeV)

new DO sin’0 " for Z/y* - u p

Scale momenta of both reconstructed Monte Carlo and
reconstructed data to agree with the generated MC model as
function of n for each u” and u* charge (g) and for each solenoid

P(n,q,5) = a(n,q,S) x Pobs(n, 4, 5)

polarity (S)
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note: <M, > is for sum of events over acceptance varying with n
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new DO smzee,, Pt for Z/y* > u

Runllb 8.6 fbl 481,239 Z/y* > u u candidate events
— Data — MC
n u ! ] epedly ] w
o T SR Sl S I 2 [ A f — S -1
£ 14000 5 ’5'%:_* ! $ .1 ¥*/dof = 1.1 D@ Preliminary, 8.6 tb
© 12000f+- - N .- 5 1°
-g _ - #;. E —s— data
3 19000; - - A E o I SM backgrounds
Y0 0 o SRS AR S S -.:;:-- < QCD backgrounds
. . ", I Signal MC
6000+ e ,
- o) E, 10
4000+ -
2000 e 0
o 1.04gf—FF———————— ] = FeE o i
= 1,028 st el it
-.'9_' vork T mﬂ#’f 1{*{% ?ﬂ%”. i _,1_||1LHT i 5o
T ooebll L LA 3 —80 %0 10— T1l0
75 8'0 3'5 8 95 700 105 T10 5 dimuon mass (GeV/c?)
main backgrounds:  ZBosonMass(GeV) analysis range: 74 < M, < 110 GeV

0.68% multi-jets faking muons
— model with same sign muons & “reversing” the muon cuts

0.20% WH+jets, Z/y* - t 1, diboson (WW + ZZ), t-tbar
- W+jets est using ALPGEN for matrix elements & PYTHIA for showering & hadronization
-Z/y*->t1, diboson (WW + ZZ), t-thar are estimated using PYTHIA for

matrix elements, showering, and hadronization "
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new DO smze ’ept analysis flow

form templates for Ag( mu) for diff values of sin?,,2°™
using LO PYTHIA and NNPDF 3.0 corrected to NNLO

il
o — |_+_
< 015 .
[ T
A FB - D@ Prgliminary, 8.6 fb! [ ==
0.1 =*=_}f__1'—'—v-
: =St
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B e —w— E-it‘l:H'w =0.2372
Y1
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80 a0 100 110
dimuon mass (GeV/c?) M

KU
fit for best match to background subtracted A, data
- sin?0,,°°"" = 0.22994 + 0.00059 (stat.)
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new DO SInZG ’ept analysis flow

form templates for Ag(M, ) for diff values of sin? GW‘"’”"

using LO PYTHIA NNPDF 3.0° R — ﬁs%;
fit for best match to A.; data ++ff§
- sin?0,,°m = 0.22994 * 0. 00059 e T o
EI::{*_ s in*8,, = 0.2372

[il§] 11
dimuon mass (GeW/c?)

correct LO PYTHIA - NLO RESBOS
including effects of specific u-, d-quark couplings

relative to charged lepton couplings
sin® 0 "-’Pt = 0.22994 + 0.00008 = 0.23002 + 0.00066

includes systematic uncertainty
see next page for details
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new DO smze ’ept analysis flow

form templates for Ag(M, ) for diff values of sin? @ o

using LO PYTHIA NNPD F3.0" | — M%;,,}
fit for best match to A ; data ++f§j5;::
> sin?@,,bom = 0.22994 0. 00059 4%%:? *
correct LO PYTHIA > NLO RESBOS™“i:* .=

as(GV

sin® 0 "-’Pt =0.22994 + 0.00008 = 0.23002 + 0 00066 !;i‘;fnejt,c

uncertainty

ZFITTER for weak corrections & fermion loop corrections
to photon propagator (complex and mass dependent)

ZFITTER uses on-shell renormalization scheme

sin? @, = sin” 0 ,*P'/Re[k(M,)] = sin? 0 ,*P'/1.037
sin? GW =0.22181 £ 0.0064
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new DO SInZG ’ept analysis flow

form templates for Ag(M, ) for diff values of sin? GW‘"’”"

using LO PYTHIA NNPDF 3.0 T e
fit for best match to A.; data ++ff§
> 5in?8,,2om = 0.22994 + 0.00059 . 4_5@5‘" *
correct LO PYTHIA = NLO RESBOS™i> =

as(GV

sin® 0 ’ept =0.22994 + 0.00008 = 0.23002 + 0 00066 s

systematic
uncertainty

convert to on-shell renormalization scheme w Zfitter

sin?@, = sin” 0 ,*P'/Re[k(M,)] = sin? 0 ,*P'/1.037
sin? GW =0.22181 £ 0.00064

using PDG value of M,
My, =M, *\1 — sin? 6,, = 80,441 + 33 MeV/c?

Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017 15




new DO sin®0 ¢ *P* for Z/y* -> p u

sin? 033, = 0.22994 + 0.00059

sin® By, 0.22994 =
Statistical uncertainty |0.00059 § é gh
Systematic uncertainties 3 E o E 2
Momentum calibration |0.00002 é é ? éé
Momentum resolution [0.00004 % £ = E’ S
Background 0.00010 % *g < %ﬁ %
Efficiencies 0.00001 g § :;;é ;D';
Total systematic 0.00011 % 5 E\’E“fg
PDF 0.00027 S3&E3
Total 0.00066

preliminary:
need to finalize EW corrections and QED radiative corrections
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http://tevewwg.fnal.gov/wz/sw2eff/

new DO sin’8 /" for Z/y* -> u u

<«— LEP and SLD Average
0.23153 + 0.0001

Ap' o 0.23099 + 0.00053
A(P) & 0.23159 + 0.00041
A, (SLD) - 0.23098 + 0.00026
ApP (LEP) e  0.23221 = 0.00029
Ap° —e—  0.23220 +0.00081
Q" —e— 0.2324 +0.0012
eet+up
Atz (CDF), 9 fb™ e+ 0.23221 + 0.00046
AZ; (DD), 9.7 fb™ e~ 0.23137 +0.00047
A:; (DD), 8.6 fb™ —8— 0.23002 + 0.00066
IDo Note 649|7-CONF Mar?h 17, 2017 | I
0.22 0.225 0.23 0.235 0.24
sin’ 0

eff
Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017

A, (SLD)
3.2 o tension between two
most precisely measured

AP (LEP)

FERMILAB-CONF-16-295-E

using NNPDF 3.0
> My, = 80441 * 33 MeV

17



new DO sin?0 " for Z/y* > p p

compare sinzﬁeﬂ’ept with other hadron collider experiments

LEP-1 and SLD: Z-pole 0.23149 + 0.00016 1L
LEP-1 and SLD: Apg " 0.23221 + 0.00029 1.
SLD: A, 0.23098 *+ 0.00026 o1
CMSpp 1fb™ @ 7 TeV 0.2287 + 0.0032 . . 4%
ATLAS ee+puu 5fb* @ 7 TeV 0.2308 + 0.0012 — et
LHCb up 3 fb’ @ 7-8 Tev 0.2314 + 0.0011 S
CDF uu 9 fb™ 0.2315 + 0.0010 _E.F
CDF ee 9 fb™ 0.23248 + 0.00053 J i ——
CDF ee+up 9 fb™ 0.23221 + 0.00046 e
DO ee 10 fb™" Aug 2016 prelim.  0.23137 + 0.00047 »—l:>i—|
TeV combo CDF+D0 Aug 2016 0.23179 + 0.00035 e—
DO uu 10 fb™* March 2017 prelim. 0.23002 + 0.00066 P I
(not yet included in Tevatron Combination) e
0.225 0.227 0.229 0.231 0.233

(not yet included in Tevatron combination)
These are the most recent LHC results: S inZ 9 Iept

ATLAS: JHEP 09(2015)049 @ 7 TeV eff
LHCb: JHEP 11(2015)190=1fb 1 @7 Tev&2fb!l @ 8 Tev
CMS: Phys. Rev. D 84, 112002 (2011) @ 7 TeV & ee+up: EPIC 76 (2016) 325: 19.7 fb-l @ 8 TeV consistent w 0.2312

18
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new DO sin’0 " for Z/y* - u u
compare indirect M, to directly measured

CDF 1988-1995 80.432 + 0.079 : : o
DO 1992-1995 80.478 + 0.083 | [ N :
CDF 2002-2007 80.387 + 0.019 H of N
DO 2002-2009 80.376 + 0.023  —jo| e‘\x‘:
Tevatron 2012 80.387 + 0.016 5 1 \)‘e“\
LEP 80.376 + 0.033 | :o : : «\e?)(’
World Avg - PDG 80.385 + 0.015 —e—1 6“66‘
_ATLASarXiv:1701.07240 80370 ¢ 0019 4t 1 T

CDF**+ CDF* +D0°® sin?B.;'" 80.351 + 0.018 —&—— ,
FERMILAB-CONF-16-295-E I indirect measurements of M,
@

DO sin? 04" 80.441 :
1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 |

DO Note 6494-CONF March 17, 2017 ' ' ' ! J 1
80.35 80.40 80.45 80.50 80.55 80.60

new DO sin? 6,4/ notincluded My, - GeV
in Tevatron average

I+
o
o
(V8]
w
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new DO sin’8 /" for Z/y* > p u

DO is still working on consistency of
EW corrections and QED radiative corrections
between CDF ¢¢, CDF #¥, DO €€, and DO H

before performing the Tevatron combination

expect combined Tevatron measurement to
have a precision of ~0.0003 which will be
comparable with those of SLD and LEP
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CDF - inclusive-isolated prompt photons
arXiv:1703.00599 — March 2, 2017 - submitted to PRD-RC
prompt photons in proton-antiproton collisions:
important test for perturbative quantum chromodynamics (pQCD);
probe the parton distribution functions (PDFs)
and the parton-to-photon fragmentation function (FFs);
constitute a major background for many Standard Model processes
such as H = yy and for non-SM searches including photons

“prompt” = produced directly in hard interactions, not from decays

E;” <100 GeV: mostly quark-gluon Compton scatteringqg - q
higher E;” : mostly quark-antiquark annihilation q g-bar - g y

fragmentation of final-state partons, e.g. gluon > X, incl. y

nything
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CDF - inclusive-isolated prompt photons

Full Run 11 (2001-2011) CDF data set of 9.5 fb™t
Extend E;” range to 30 — 500 GeV by 100 GeV over previous pub

Event selection: isolation cone radius R = \/Anz + Ap?=0.4
EM calorimeter isolation = X E;°® (within isolation cone) - E;” < 2 GeV
track isolation = scalar sum of p; of all tracks from primary vertex
within R = 0.4 isolation cone of the prompt y <5 GeV
ratio of energy deposit in EHad cal/Energy in EM cluster < 0.125
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CDF - inclusive-isolated prompt photons
- 2.1 x 10° prompt v + X candidates

remaining background comes from decay of hadrons, e.g. n® - y y

cannot reject on an event-by-event basis, so use a
statistical background-subtraction technique

Define a Artificial Neural Net (ANN) metric using inputs:
shower shape, transverse profile, and isolation variables

for both data and simulations, for each E;” data point (bin)
MC events are reweighted to observed luminosity profile.
Expected distributions in ANN output metric are generated for
signal = PYTHIA inclusive-photon prediction (verified w Z° data)
background = PYTHIA dijet MC prediction (verified w dijet data)
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CDF - inclusive-isolated prompt photons

for each E;” data bin, fit as linear comb. of signal & background
ANN template distributions, determining signal fraction (purity)

10° 110<Ef(GeV)<130

T 40 1
I C 0.9 : i
- _ 7 ! |
@ 3of —4— CDF y+ X data,L=9.51b" A o g +—i—
250 Signal MC K 0.6/ - :
B Background MC s
20F- g 74 =05 CDF v + X data, L = 9.5 fb
= E 0.4
15[ o . .
= @ g3 —‘7 Observed signal fraction
10 0.2 Systematic uncertainty
5k 0.1
2 e e : . ; 'IZ: ;Z: 0 ,
% 01 02 03 04 05 06 07 08 09 1 50 100 150 200 Eﬁ%eﬁuu 350 400 450 500
Photon ID ANN

Est systematic uncertainty on signal fraction (purity) by varying fit
configurations and ANN input variables within their uncertainties.
Dominant uncertainty is modeling calorimeter isolation energy.
systematic uncertainty 8%, ~ 3%, 6% for E;” < 40, 40-300, > 300 GeV
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CDF - inclusive-isolated prompt photons
d*c/(dE}dn") = (NfY)/(AE;ARLA x €)

10°= —+— CDF y+X data, L = 9.5 fb” where for each AE;” An? bin:
= [ | Systemalic uncertainty 5

102 PYTHIA 6.216 N = # y observed per bin
< i SHERPA 1.4.1 f7 = signal fraction (purity)
o 104 MCFM 6.8 L .
G e b= = =E AE = bin width
8 1 & R™CF - s
= E [—:L’_l_ (corrected for UE contributions)  An? = 2 since |r’3’| <1
E107- 1.;_, £ = integrated luminosity = 9.5 fb™?
Wg s P (common * 6% - not included)
G FH A x € = acceptance, resolution, eff
°10%: R L, largest uncertainties:

10 11 < 1.0 and E*°(R=0.4) < 2 GeV 6% from y energy scale at high E

10.5_ r-'-r'-'-r'--;-_.l'-;-'-r'--;--'-r'-'-'r-:;-'r'-'r:;-'r'u 8% from A x e

50" 100" 150 200 E{ﬁﬁﬁeﬁﬁ]“ 350400 450" 500 (compare PYTHIA-SHERPA)

generally good agreement with theoretical models,
but difficult to quantitatively compare on a semi-log scale
see next page for comparison using ratio of theory/data
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CDF - inclusive-isolated prompt photons

compare theory & simulations: overall d’c/dE; dn’shape well represented

of — +X data, L=9.5fb" PYTHIA underestimates
1_32' T T RV THIA6.216 by factor of ~ 1.5 @ low E;
1.65' o ::{u:::c?e?:l for UE contributions) possibly due to lack
%1..{ T E;.ﬁf;ﬁ:f :’:;E:“ inty of higher-order terms
:1,2: ‘ . in y + jet matrix elements
S i Lo SHERPA ~ 1.1 - 1.2 larger
1 e
0.6

| T ==~ non-pQCD effects, e.g.
0.4 50 100 150 200 250 300 350 400 450 500 mis-tuned fragmentation
E}(GeV)
NLO = MCFM & scaling band
PYTHIA T.Sjostrand, S. Mrenna, and P. Skands,

J. High Energy Phys. 05 (2006) 026 good agreement for all ET}'
SHERPA T. Gleisberg et al., J. High Energy Phys. 02 (2009) 007

MCFM J. Campbell and R. Ellis, Phys. Rev. D 65, 113007 (2002)

2
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N events / B MeV/c?

DO0: Confirmation of the X(5568) with
the semileptonic decay of B,°

DO Note 6489-CONF — March 24, 2017
https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B68/B68.pdf

Last year DO > Evidence for a new X = it B, state with B, = J/Y ¢

Phys. Rev. Lett. 117, 02203 (2016)

90
- DO Run Il, 10.4 '
80 —
: - DATa
70 = Fif with b lgrourd shapss fixod
= ses  Backppoursd
E'D = P —
50 E
= AR < 0.3 cut
a0 —
30 -
20
10
pa. 1 PRI | 1 i Ll

55 5.55 56 565 57 575 5.8

m (Bs nt)

AR = ./An? + A@? < 0.3 betw 1 & Bs
fitted M, doesn’t vary with 4R cut

M, =5567.8 + 2.9 (stat)
0.9 | - (syst) MeV

[,=21.9+6.4+5%, MeV

global Significance including LEE
& systematic uncertainty =5.1 ¢

525 59 p =0(X5568 - Bs m)/o(Bs) =

[GeV/c?]

=[8.6 1.9+ 1.4]%
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https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B68/B68.pdf

DO: SL X5568 — prior result via Bs => J/Y @
Also, in last year’s PRL without the AR cut:

. C DO Run 1, 10.4 fb' + X 9 n Bs (9 J/‘IJ Cl))
. 0 AR with M, and T fixed
% - 70 cut L | ﬂwﬁH ﬁ* H|+ to sa mc)e( value); as for
g .0 + H+ analysis with AR cut,
z = Significance including
} 40 ; +

LEE & syst. uncert.

N N == o =390

54 58S SE s._ra'ﬁm(;sﬂ I;‘z) 58 5?;-Ge \; i

LHCb and CMS have not observed this state
in 7 & 8 TeV pp collisions

CMS-PAS-BPH-16-002, LHCb: PRL 117, 152003 (2016)
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DO: Evidence for an exotic Bson * b s, u d state

First observation of a state with 4 different quarks
for example, previous observed exotics are:

X(3872)> J/Yym*n=ccuu+ccdd

z*(4430) > ¢’'m*=ssu d 0
Z,* (10610) >Y(nS)i*=b b ud , Bs
Z,*(10650) >Y(nS)m*=b b ud b

P> J/Gp=ccuud X
and many, many more

see backup slides @ %
for a @

more extensive list
of meson-like exotics
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.
BK molecule is bound by colorless hadron and

is expected to have mass near BK threshold
BK molecule is disfavored for X(5568) since
it would have ~ 206 MeV Binding Energy

or the diquark + anti-diquark model by Maiani et al.
[aq] < M,

also expects higher M(B; r)

[aq] > M,

L. Maiani et al., “New Look at Scalar Mesons”, Phys. Rev. Lett. 93, 212002 (2004)
Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017 30




use new decay mode!

use BOS - M+ v DS- anything
with D > ¢ thend > K' K A
complications due to missing v o

requiring M(u D,) > 4.5 GeV
limits missing v energy and
thus improves mass resolution

X nything Mostly y (or n°) from D * decays

add rr* from primary vertex to form X - B.% i*
estimate for invariant mass:

M(B2 ) =M(u D, rr) - M(u D, ) + M,,(B.°)

Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017
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DO: SL X5568

g

N i . -Df.'l preliminary, 10.4 fi5’ 250 [ ‘H, ++ +
ggnu o E +++H +++++ H+H+ +
o = 200 [~ + H' + +
E 2 : +H’++ + + + + ‘} +++ ++++
~ 00 2150 ~ 4
% w00 %10& E—+++ DO preliminary, 10.4 f5'
= L
< 200 |~ s0 [+ m(BsT[i) data
| i Do v ool s Vwww sl ol vwolvos Bl
07 T8 is 2 Y 0555 56 565 57 575 58 58 59
m (b %) [GeV/c?] m (B’ x*) [GeVic®]
How well does the estimate: M(B.° n*) = M(u D, i) - M(u D,) + M,,+(B,°) work?
200! _
% 1305 | DO Signal MC | full MC simulation for “heavy B-meson”
10 decaying into Bs it with
1401
o 3 input M =5568 MeVand =0
%100;
3 il from other .| MC gives reconstructed:
40{_ all Trom other 7t in even <M> = 5565 + 1 MeV
"3 and Gaussian 6=11.1+0.5 MeV

5.55 5.6. I5.65 S.? 5.75 5.8 5.85 5.9
m (B% m*) [GeV/c?]
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Number of events

DO: SL X5568

DO Run 11,10.4fb™* preliminary

N

HJ ki G i
T T
. }fﬂﬁﬁﬁ?}ﬁ ;i 'E‘Eﬁ
0 -gi

n Results - Peter H. Garbincius - Fermilab - 28 April 2017



DO: SL X5568 - background

BKGD Model - re-weighted PYTHIA — EVTGEN MC

for data — MC agreement using p{u) and p{u D) see SL specifics 3,4
compare with D, wrong sign & sideband bkgds

200 E
DATA 20
=140 - + +
[s@] c
1000 = DD preliminary, 10.4 b’ Pl
L =100 = . -
> ool ¢ o= points: wrong sign data
- 5 o0 = P
= z = histogram: Monte Carlo
H H 40 =
o | sideband sideband “E
w :ﬁ i 0?..|....|....|....\....|.‘..|....|....|
c B 565 56 565 57 575 58 585 59
%400 %HA m (B %) [GeV/c?]
X Y
= ot DT ;
200 M 1000 —
,[.. same sign/= wrorg sign = p* ri* 00 [
1.7 1.8 1.9 2 2.1 2.2 2.3

m (o~ [GeV/c?] B
o [+ Points: D¢ sideband data
-| histogram: Monte Carlo

N events / 8 MeV
3
(=]
|

MC shape reproduces both the
sideband and same (wrong) sign
backgrounds very WE" I |5|.5|5| I |5.6| I |5|.65H I |5.7I I |5|.7|5| I |5. .

11 | 11 1 1 |

8 585 59
m (B ) [GeV/c?]

D* peak is ~ 10% of total sidebands Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017 34




N events / 8 MeV/c®

DO: SL X5568 — data fit

F = fsingig(?n-s M, FX:J + fbngbgr{?n)
M3T(m) S-wave relativistic Breit-Wigner
(M5 —m?)? + MT?(m) I'(m) =Tx - (q1/40)

convoluted with
Gaussian resolution

BW(m) o

g1, = :3.85 + 60.93(m — mth)D'EE] MeV/c?

4-track + missing v components

Fyor(m) = (Cymg + C»_g?n.ﬁ - Cg'fﬂg + Cy m%) exp (Csmg + CT-mg)

3000/ + TR i m) function A

: e nominal {-‘bg,(. ) functio
2500 ;# Yired (defined just above)
ool fitted to

- D0 Background Mc | Feé-Weighted BKGD Monte Carlo
1500 ~

- #
1000E- x2/ndf=1.1

#
500fF See DO: SL X5568 details

ob gt g g N backup slides:

m (B x2) [GeV/c?] for Alternative BKGD fits B & C
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DO: SL X5568 - signal injection closure test

Add MC signal of Nin events to MC background (scaled to bkgd level in data)
and find that fitted Ny, = N, as expected

Signal Injection test

300 —- # Fitted N_, ®
NOUT : ------ out — Nin ‘,."
250 — A S— ‘ --------------------------------------
200 _— ----------------------- . ---------------------------------------------------------------
180/ Y AU W S
- - DO Simulation
100 S —
: .‘,_» ! ! :
— r‘ | | | | | | | | | | | | | | | | | | | | |
100 150 200 250 300

Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017



DO0: SL X5568 — data fit

250 [ + + Background shape fixed
NEEUG E # +3.6
> — - .
2 E + + MX = 5566.7 3.4 MeV
Eﬁﬂ ;_ DO preliminary, 10.4 fb! I =6.0 +9.5 MeV
o r 4 DATA ) S -6.0 Vi€
2100 — Fit with back d shape fixed
s L Wi acrqrounda snape fixe
S| amammmn Background _ +51
sold [ signa N, =139 ™" g3 events
11|||||| -
0 555 56 565 5.7 575 58 585 529 Xz - 32 for 46 DF
m (B% ) [GeV/c?]
. epe L
Local Significance = \/—2 ln(L ) =450
max

Where ¢, is for fit to null hypothesis = BKGD only
and £__ is for fit with Signal + BKGD

Including systematic uncertainties, Significance - 3.2 ¢
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DO: SL X5568 — systematic uncertainties

Source mass, MeV /c?  width, MeV/e?  event yield, events
Background shape description  +0.0 ; —0.7 +0.7 ; =25 +4.8 £28.0
Background reweighting +0.1 ; —0.1 +0.7  —=0.7 +5.0 1 =5.0
BE mass scale, MC and data +0.3 : —=0.5 +1.0 : —1.4 +7.5 : —=9.6
Detector resolution +0.0 ; —0.5 +1.3 ; —2.6 +3.7 : —64
P-wave Breit-Wigner +0.0 ; —=0.2 +0.0 ; =24 +0.0 ;: =7.0
Missing neutrino effect +1.0 ; =0.0 - -

Total +1.0 ; —1.0 +1.9 ; —4.6 +10.9 : —=31.5

see DO: SL X5568 specifics in backup slides
for studies of alternative background shapes
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DO: SL X5568 — combine with Bs = J/Y ¢

Hadronie, cone cut

Hadronie, no cone cut

Semileptonic
Fitted mass, MeV/c? 55667753 +1
Fitted natural width, MeV/c? 6.0700 Fie
Fitted number of signal events 139758 T30
Local significance 4.50
Significance with systematics 3.20

Significance with LEE+systematics -
no LEE applied for semileptonic channel
because we already know where X5568 is

* Combine SL & Hadronic modes

* This combination uses

5567.8 £ 2.9707

21.9+6.4752

133+31+15
6.60
5.60

h.lo

570

P = Puap™ Psi [1—boe (Ppyap™ Psy)]
which applies since HAD and SL measurement are independent:
different trigger conditions: HAD=2 u,SL=1u
different B, channel: HAD =J/{ , SL=p v D X

Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017

5567.8
21.9
106 = 23

4.80

(not quoted in PRL)
3.90

470
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DO: SL X5568 - fraction of B, from X5568

Determine inclusive # B_ by fitting the M(¢ n)
distribution and correct by removing the prompt
and the same sign u* D *

for pAu* D) > 10 GeV and 4.5 GeV < M(u* D,)
X-> B, /B, =p(SL) =[7.3*%3, ,(stat) **®, ,(syst)]%

consistent with prior p(J/Y ¢) > 10 GeV
X-> B, /B, = p(HAD) = [8.6 £ 1.9 (stat) + 1.4 (syst)]%
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DO: SL X5568 — conclusions

We have presented the results of a search for the X(5568) - Bso nt
with semileptonic decays of the Bso meson.

There is an excess of events in the data consistent with the decay
X(5568) » B0 n* with B2 > J/y .

The mass, natural width, and production rates in the semileptonic
and hadronic channels are consistent.

The signal p-value for the semileptonic channel is 6.4 x 10"% and the
significance is 3.2 o when including systematic uncertainties,
but not including Look Elsewhere Effect.

The combined p-value for the hadronic and semileptonic channels
is 5.6 x 1072 with a corresponding significance of 5.7 c.
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DO: Search for exotic baryons
decaying into J/Y A

DO Note 6494-CONF — March 22, 2017
https://www-d0.fnal.gov/Run2Physics/ WWW/results/prelim/B/B69/B69.pdf

analog of LHCb P_* - J/y p discovered by LHCb in A,
decays; theoretically expect states within 500 MeV of

under a magnifying glass Y

N ]
S ¢ not observed
Recent Tevatron Results - Peter H. Garbincius - 42
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https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B69/B69.pdf

non-prompt events have
S|gn|f|cance of J/([J decay Iength >3

DO: .I/l[) A\ search

> Fr T L B B L L BN I > B T T T I 7,
EE 1‘4[":}:_ Prom pt Wﬁ G 250:— Vyw | Nom-Prom pt 1 3
S 1200F - S 1 O
] - ] o r N
2 10000 NWWW W W ] 2 Emi Y WWN + + Ao E %
(b - 4 b -
600 = MM 1 v
ook DORUNIL 1041\ Prefiminary %WW o
¢ | . DO Rur{1l, 10.4 f5", Preliminary +
EDD;— * Data: Prompt J/Ay /_: + Data: Mon-prompt Jiy E g
D_u vl by by b by Ly by 1y T T D|||||||||||||||||||||||||||||||||||| | w
44 46 48 5 52 54 56 58 6 6.2 44 46 48 5 525456 58 6 62 L,
Aﬁq} [GeV] search range to M(JApA) [GeV] Y=
> L . 5 B B B
3 2501 + ‘/'+ E Mtheshold + 500 MeV
e o W#Mwwﬁ Fie (M. M, Tx) = fogFog + foig P
|5 - + +— 2\ €1 : :

e E M | M — Mth
W 150p DO Run 11, 10.4 fb", Preliminary . Fpg o< M ( M2 ) exp(caM) [1 — €Xp ( cs )]
1005 } Data E signal shape = Gaussian w free width

sof — ot 1 <M>=4319.3+6.6 MeV
----Background - .
e o =15.6 £ 7.7 MeV resolution ~ 5 MeV
43 44 45 46 47
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Events/0.01 GeV

150

100f

{
i
f ¢ Data

50

N_Trials

DO: J/Y A search

Same as prior slide (for reference)

250F

200f

T

Hﬂ %{%Wﬁ*#

$t

e TEARE RN

DO Run 11, 10.4 fi5', Preliminary

— Total fit
-=---Background

P I T T T T N T T T T N T

=
= I|I|I|[| T IIIIIIII T III|I1I| T T TTTT

-_
[=]
[

=
(=]
w

1 P I T A R
4.3 4.4 45 4.6 4.7
MJwA) 1GeVl

LEE scan for bkgd only

p-value =0.0028
orrected 5/18
global Sig =
280

i | I - I 1 - i T R
1 2 3 - 5 6
Sigma

Scan <M, >, fit signal width, & bkgd shape

35

3 DO Run 11, 10.4 {65, Preliminary

max local Significance of
3.450 @ M, =4.32 GeV

Standard Deviations

L)
II|I||I||||II||||I||I|II|I||I|II|I||I

42 425 43 435 44 445 45 4355 46 486
M{JpA) [GeV]

local Significance = \/—2 ln(fo )

max

where £Z_ . is for signal + bkgd fit

L, is null hypothesis for bkgd only
global Signifigance =2.8 o

44
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Events/0.01 GeV

DO: J/Y A search

alternative background shapes
using J/Y & A mass sidebands

**w W

DO Run |1, 10.4 f5', Preliminary

¢ Data
 — Background-only fit with free parameters ]
==+~ Background-only fit fixed using J/y sideband  —
-=:= Background-only fit using A sideband

43 44 45 48 47 48 49 5 5._1

M(J/yA) [GeV]
Sideband shapes give larger
Significance so using free
background shape gives the
minimum Significance in terms
of systematic variations. Also
investigated non-rel. BW signal
and ARGUS bkgd shapes.

global Significance is 2.8 o, so
cannot claim any evidence for
a non-prompt signal in J/P N

a starting point for
other searches by
other experiments
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new: CDF o, x B(Z° - b bbar) and
determination of b-jet Energy Scale

CDF/PHYS/ELECTROWEAK/PUB/11219 April 14, 2017

study Z? production

demonstrate validity of using data to evaluate b-bbar
QCD background

enables further searches for new resonances - b-bbar
benchmarks b-jet Energy Scale wrt MC simulations
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new: CDF g, x B(Z° - b bbar) and

determination of b-jet Energy Scale

5.4 fb1 — 2008 (new hardware & software) = 2011

trigger jet requires at least two tracks w Impact Parameter
compatible with a b-hadron decay
and associated with that jet

Monte Carlo simulation of efficiencies and shape of
background di-jet mass is tuned on data

evaluation of b-bbar QCD background contribution is
performed using the data itself

requires each ijet > 22 GeV, but no explicit pTdi'jet cut

allowing reconstruction of low invariant mass di-jets
to better constrain BKGD N
compared to ATLAS pTd"Jet > 200 GeV
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Events/0.2 [GeV/c?]

new: CDF ¢, x B(Z° - b bbar) and

determination of b-jet Energy Scale
CDF II Preliminary 5.4 fb™

[
=
T

1200

1000

[=s}
=
=

600

400

200

FREEE] -

—4+— CDF data

b component
¢ component
(q component

cut at 1.8 GeV 9 96% b-purity

Measurement of Z— bb

3 35 4 45

(75 £2) %
(7+1)%
(18 £2) %

-
S

Secondary vertex mass [Ge‘i*’fc:]

secondary vertex mass for at least one b-tag trigger jet
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new: CDF o, x B(Z° - b bbar) and

determination of b-jet Energy Scale

Apply MC template shapes to di-jet mass distributions for
Bb, bB, Bc, cB, Bq, and gB
where first jet listed has higher ET
and upper case denotes the trigger jet

Since mass templates for b-tag and c-tag are similar,
they are merged, so for background
only use Bb, bB, Bqg, & qB components

sighal Z° - b bbar fully simulated by Monte Carlo
Al nePe(ms;) + >, ny Po(ms;)
ﬂ'E- T Zb n’h
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Events/5 [GeV/c?]

new: CDF o, x B(Z° - b bbar) and
determination of b-jet Energy Scale

CDF II Preliminary 5.4 fb™

g o0 : ‘
80000 i} Fit result

B ' —+— CDF data
70000 — e —_

- i 55555 Z— bb PYTHIA 6.2 1.9%
60000 = Il Bb+Cb data template || 76.4%
50000 = bB+bC data template || 21.8%
40000 f— l 925,388 double tagged dijet events ?eg'igi'?'e #

m ] both jets satisfying tight SecVtx cuts ight-q Jets
30000 — i fit X2 per degree of freedom=0.7 _

20000 5 | Measurement of Z— bb

i C first jet listed is higher py jet

10000 g T CAPITALIZED jet is trigger jet
A K il A o P G A R, i v g A e
0 80 100 120 140 160 180 200 220

M, [GeV/c]

Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017

50



new: CDF ¢, x B(Z° - b bbar) and

determination of b-jet Energy Scale
after subtracting background

CDF II Preliminary 5.4 fb’!

I

3000

2 + —}— CDF data - multijet bkg
= 2500 _

P B 7Z-bb PYTHIA 6.2

Z 2000

1500 _
Measurement of Z— bb
1000
500
0 —+—+—+—
+
| | | | | | | | | | | | | | | | | | | | | | |
60 80 100 120 140 160 |
ij [GeV/cT]
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new: CDF g, x B(Z° - b bbar) and
determination of b-jet Energy Scale

To check MC b-jet Energy Scale,

Repeat above fits varying the MC energy scale
for each of the two b-jets for the Z% - b bbar
by multiplicative factor 0.90 < k< 1.10
in 0.01 steps, finding k for minimum %2, and
spread * Ak corresponding to x2 = x2(k.....) +1

the measured b-JES mult. factor k=0.993 + 0.022

(stat. uncert. only)

min
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new: CDF ¢, x B(Z° - b bbar) and

determination of b-jet Energy Scale
T *ﬁ"'rsi

oy x B(Z — bb) = -

€kin " €trig " €tag ° SFt

rig " SFtag - L
0, X B(Z-> b bbar) =1.11 * 0.08 (stat only) nb

CDF II Preliminary 5.4 fb~!

Source Affecting JES Affecting the cross section

Luminosity 5.9%
Background template statistics 0.004 2.3%
c-quark component in bb templates 0.005 2%
Signal Monte Carlo statistics 0.002 3%
b-tag energy dependence 0.004 5%
b-tag scale factor 5%
Trigger and b-tag combined scale factor 4%
JEC Jet Energy Correction 1.4%
FSR  Final State Radiation 2.6%
PDE parton Distribution Function 1.1%

Total 0.008 11.4% = £0.13 (syst) nb

TABLE II. Summary of the systematic uncertainties.

53
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new: CDF o, x B(Z° - b bbar) and
determination of b-jet Energy Scale

measured b-JES multiplicative factor:
k=0.993 + 0.022 (stat) £ 0.008 (syst)

builds confidence in CDF b-jet model and b-JES

0, X B(Z - b bbar) =1.11 + 0.08 (stat) £ 0.13 (syst) nb
compare to NLO o, x Bpp(Z > b bbar) =1.13 £ 0.02 nb

but not competitive with o, x B(Z - e*e” or u*u’)

demonstrates BTAG-trigger sample is well-understood
and proofs technique to search for b-bbar resonances
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what have CDF & DO done lately?

Publications per year

100 L

80
60
40

20

0

N\

N\

>

e'0.4 t/yr

2012

2013
Mike Albrow - Moriond QCD 2017

2014

e CDF+DO
—e—CDF
—e—DO0
- - fit

Past performance is no guarantee of future returns,
but might expect another 25 publications in the future!
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Anticipated Publications

from CDF & DO Spokespersons
a sample, other pubs might be added

CDF:
top mass lepton+jets
matrix element

top mass combination
t tbar cross section
top polarization

W asymmetry

inclusive photon cross sect.

Z = b bbar cross section

multi-b resonances
X(5568) study

DO:

top quark pole mass
W mass full Run i
Afb(uu) and sin26W

do/dp.(W)
ttH search and limits on t“ quarks
inaccessible at LHC

X(5568) confirmation in Bs Ds u X
Search for J/{ A pentaquark

Ratio of exclusive to inclusive
jet production
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Anticipated Publications

CDF and DO and World

Combinations:

Tevatron top mass

World top mass

Tevatron t tbar F-B asymmetry
Tevatron t tbar cross sections
Tevatron W mass

World W mass

Tevatron sin’0,,

Recent Tevatron Results - Peter H. Garbincius - Fermilab - 28 April 2017
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Summary and Conclusions

DO Agg (Z° - u* ) - sin® @ ¥ . = 0.23002 + 0.00066
and indirect M, = 80.441 + 0.033 GeV
working on Tevatron Average w CDF ¢7¢~ & DO e*e’
CDF extended inclusive-isolated prompt photons to
E;/ = 500 GeV for comparison with QCD models

DO provided supporting evidence for X5568 B, ri*
via semileptonic decay B, > uv D _ X

DO did not find statistically significant evidence for an
exotic J/Y A resonance (PC+ counterpart)

CDF verified methodology 6,0 x B(Z° - b bbar) and
b-jet Energy Scale factor k = 0.993 £ 0.022

More to come from CDF & DO in the near future!
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Thank you!
Questions?
I'd like to thank all my colleagues

from whom | learned much and
from whom | stole ideas, graphics, etc.

Peter
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