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Pa rtiC|e PhySiCS = What is everything made of and what holds it together?

Q electron

<107"%cm
9 - proton
NN e (neutron)
€ - |
\\/ nuclgus
— ~107"“cm
atom~10"cm
e« 460 -370B.C. Democritus All matteris made of indivisible particles called atoms
e 1773 -1829 Thomas Young Wave theory of light
1923 Arthur Compton Discovers the quantum (particle) nature of x rays, photons are particles
* 1924 Louisde Broglie Proposes that matter has wave properties
e 1953 --- Beginning of a proliferation of particle discoveries, modern era of collider experiments ---
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Standard Model of Particle Physics

Field theory, Particles have associated fields.
e 3 principles:

= Relativity

= Quantum Mechanics

= Gauge Invariance

e Qutside Ring
Fermions: matter particles — spin 1/2
* Center

Bosons: force carriers— integer spin Z
boson boson

Higgs boson

muon
neutrino

e All Standard Model fundamental particles
now discovered:
= electron: ~1898
= Higgs: 2012

IJ

e neutrino
electron T
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e Qutside Ring

Fermions: matter particles — spin 1/2
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Bosons: force carriers— integer spin
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* Bound state ct ‘charmonium’ |
* Discovered November 1974 5 50} ol L ]
. = Fete” —utuT  lcosB1<0.6 §
* Validated the quark model g 0 00 & /-\ 3
e 1976 Nobel Prize in Physics = L ; O ? \&\r\_{
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e 12% decay to: % 7 tELy ]
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Wi B AGS experiment, BNL SPEAR detector, SLAC
OSO n (Sam Ting, J) (Burton Richter, )

* Fundamental particle, carries the weak nuclear force
* Discovered 1983, SPS acceleratorat CERN
* Validated the electroweak model

* 1984 Nobel Prize in Physics (Rubbia and van der Meer)
 10.9% decayto: W* > £*v
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J/U + WE measurement: Theory Motivation

* Production mechanism of charmonium in hadronic collisions not fully understood
e Relative contribution of Color Octet (CO) vs Color Singlet (CS) models unknown
* Requiring an associated object (W * in this case) filters the possible diagrams

Leading Order Color Octet

ud — ce[J /Y] + W

(a) W

J/U + W2 can be produced at leading order only in the CO model because the W* does
not interact strongly.

CO was initially considered the dominant mechanism.
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J/U + WE measurement: Theory Motivation

* |In 2013, theorists proposed that the next to leading order (NLO) Color Singlet (CS) model
could have a comparable contribution. Evidence corroborates this.

Next to Leading Order Color Singlet

@ s+g—>WHc+ J/Y

b) ¢g+q7 > W+~" =W+ J/

(a) Strange quark - gluon fusion, charm hadronizes into J/{

(b) Quark - antiquark interaction, off shell photon produces J/
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J/U + WE measurement: Theory Motivation

e Contribution of double parton scattering (DPS) vs single parton scattering (SPS)
processes unknown

* J/Y + W* measurements can probe this using the opening angle, Adp(J/P,W) between
the two particles

J/LIJ :.2 0.7—_1 T 171 ] LU [ T T 171 I L l T 1T 17T I L I L—
W :C) [ ATLAS Preliminary, Simulation ——
/ > 0.6/~ <4 SPS template (MadGraph COM NLO) .
J\ T/z /L DPS © - = DPS template (flat) ]
/ \ Arbitrary Ad 2 0.5 MC sh -
| < 5 shapes

0.4F =
proton (partons) proton 0. 3:_ E
I : |
N / a 02 D
[ \‘ ‘/ . SPS 0 1;_—- —————————
‘1 J “\ (‘ A(I) - ‘ E “’.‘_’—o—l—‘J ]
\\ //‘ \\ / - ‘—L‘ TN B EET R SRR A

v - Y (momentum %05 1 15 2 25 3

/ conservation)

A §(W,J/y)

W
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CERN

\
NS

The Large Hadron Collider (LHC)

Overall view of the LHC experiments.

Est. 1954

27 km circumference

~100 m underground

LHC - B CERN

. Point8 e :
g ol == ATLAS ALICE Began operations 2008
1 Point 1 <= Point 2

gL

LVt

T )
 tire) Jfoa s U
e )
i 1

Accelerates protons to
99.9999 % ¢

proton-proton collisions
briefly create exotic
particles

Detectors quickly
photograph them
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LHC Dipole Magnet

 NbTi SUpercondUCting wire H e /R _— ALIGNMENT TARGET
| g R
with I|qU|d He at 1.9K : ) \ ___— MAINQUADRIPOLE BUS-BARS
‘ ). ' f, _——— HEAT EXCHANGER PIPE
« Opposite 8 T fields in each % o 3I\s O N\ SUPERINSULATION
. ¥/ ' \ ___—— SUPERCONDUCTING COILS
beampipe / N\
/ | o \——— BEAMPIPE
. [ B 8 ! o | VACUUM VESSEL
* 14 TeV design energy | A\ T
‘ AR = | BEAM SCREEN
. \ _ 7~ \f¥ AUXILIARY BUS-BARS
e 25 ns bunch crossing \ N/ Y
o \ § : 1 ‘ [ T— SHRINKING CYLINDER / HE I-VESSEL
(40 million PEr Second) \ ; ' /“\THERMALSHIELD(55t075K)
L S ( NON-MAGNETIC COLLARS
* 160 billion protons/bunch =~ ~[ won! YOKE 010 RS, 1.0
L > d T~ DIPOLE BUS-BARS
 10-20 collisions/crossing — _—— suprorT posT
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Luminosity, L

e Determines the number of events
e Accelerators try to maximize L
% Interaction —_——y

Poit = , e LHCL,,,=10%cm2s1

Relative beam sizes around IP1 {Atlas) in collision

NZn .
Nevent = Loevent L = b4ﬂb€frgzv F

N, = particles/bunch €, =normalized transverse beam emittance
n, = bunches/beam B* = beta star function
f.ey = revolution frequency F = geometric luminosity reduction factor

¥, = relativistic gamma factor
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AT LAS * Photographs exotic particles created by the p-p collision
* Weight: 7,000 tons
EXPER|MENT e 46 m long; 25 m diameter

e ~3,000 collaborators, >177 institutes, 38 countries
* Layers have specialized functions

Resistive plate chambers
44m MDT chambers

toroid

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambaers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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ATLAS Detector Coordinates

Cartesian Coordinates
e Beam: z—direction
 Transverse plane: x—y

26/04/2016

wT (ATLAS POINT 1)

-

PTO MIVEAU -B1.2m

41.3m OEPUIS SOL UxA 15

CENTRE B

oy
7
Py A
/9/5-0 w

CENTRE B
TUNNEL <y

X XYZ Right handed coordinate system S
with z in beam direction
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ATLAS Detector Coordinates

Cartesian Coordinates
e Beam: z—direction
 Transverse plane: x—y

Spherical Coordinates

 Azimuthal angle: ¢
 Polar angle: 6

26/04/2016

(ATLAS POINT 1)

PTO NIVEAU -B1.2m

1.3m OEPUIS SOL LA 15
CENTRE B

CENJTRE
TUMNEL
1
. s
X XYZ Right handed coordinate system S

with z in beam direction
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ATLAS Detector Coordinates

We transform 8 into rapidity () because differences in yare Lorentz invariant under
boosts along the z - axis.

1l E+p,.c
= —In
Y 2 FE —p,c

where: P, — pCOSH

Psuedo-rapidity (n) is the massless particle approximation of y.

n=0
600" /n=0.88
n=—In tan§ o=a5"

6=10Q,,—>]’]=2.44

0=0>—»1=%
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barrel
toroids

toroids

26/04/2016

Magnet Systems

solenoid

Their size, position and strength
determined overall detector design.

e Solenoid =2T
e Barrel Toroid ~0.5T
e End-capToroid ~1T

Their purpose is to curve the
path of charged particles. Using
the Lorentz force:

F=qix B
given circular motion:
2
mv
F=—
r

relates transverse momentum
(p7) and radius of curvature (r):

pT = qBr
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F R=toszmm Inner Detector

TRT Enclosed by the Solenoid
* Performs:
Tracking
Vertex Identification
LR=554mm
[ RETG 3 technologies used:
e * Silicon pixels
S * Silicon strips
= S e Straw tubes

Red track shows hypothetical
charged particle of:
pr =10 GeV and n=0.3

R =50.5mm
R =33.25mm

R=0mm

supports the Pixel/IBL sub-detector

R =122.5mm
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Calorimeters

Tile barrel Tile extended barrel

y IITTIIeS 00
Ssanbasaag >
Abhda.
i
\
| |

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel

Provides particle energy
measurements

Electromagnetic:
photons and electrons

Hadronic:
e.g. protons, neutrons

LAr forward (FCal)
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Muon Spectrometer

Thin-gap chambers (TEC)
Y § Cathode strip chambers (CSC)

* Defines overall ATLAS dimensions

e |dentifies and tracks muons

* Four types of chambers
Barrel toroid

Resistive-plate
chambers (RPC)

‘ End-cap toroid
Monitored drift tubes (MDT)

* Three tracking layers
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Particle/Object Identification
Charged particles leave tracks:.

muon
spectrometer
\
i
muon
)
\ % \ ) G
_;\.‘ \ o neutrino|
‘L \ K
iy 4/
“. . ) .'
< N\NY, N I '.o
) I (4 K
. ’
hadronic v 4 S
calorimeter \ 2
. ' %
T .
\ . ;
L ‘l
\ . !
proton . &
2 . .
neufron e the dashed tracks
. G are invisible to
’
S the detector

electromagnetic
calorimeter

transition
radiation

tracker 2
pixel/SCT

tracking
detector

rvnrmurlw

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

http://atlas.ch

Curve direction shows charge sign
Curve radiuso< transverse

momentum (p;)

Undetected particlesresult in
Missing Transverse Energy

(MET or E{™'ss):
m1ss + Ermss

EmISS

ATI AC

FA8 i A\
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Particle/Object Identification

Primary Vertex: Initial proton-proton collision

Many particles produced at the primary vertex
travel travel some distance and decay ata
secondary vertex.

Their transverse time of flight or decay timeiis:

m
r=15L.,,,—

Where L, is the transverse decay length.

Decay Length

/ A conical boundary around a track is defined:
Track ‘ Primary Vertex
Impact = 2 2
Parameter AR T \/(An) T (A¢)
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Triggering and Data Acquisition
More data is generated than can be stored, triggers select the interesting data.

40 million bunch crossings per second

Level 1 trigger: rough selections every 2 ps

< 75 thousand bunch crossings per second

Level 2 trigger: analysis specific selections every 40 ps

~ 1,000 events per second

-_— Event selection: detailed event analysis
7~
. A ~ 100 events per second stored on disk @ ~1.5 MB/event
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J/U + W% boson measurement: Method

Event Channel: J/U=>pr and Wity

Analysis Goals:
Measure the ratio given by the cross section of associated prompt J/{ + W# production
divided by the cross section of inclusive W* production.
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J/U + W% boson measurement: Method

Event Channel: J/U=>pr and Wity

Analysis Goals:
Measure the ratio given by the cross section of associated prompt J/{ + W# production
divided by the cross section of inclusive W* production.

Nw /9
 OW+J/yp  TXLXew XAw Xe€1,/4 XAy
Ry = — N
ow W
T XLXew X Aw

Where:

N = number of events € = detector efficiency

T = trigger efficiency A = detector acceptance

L =luminosity
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J/U + W% boson measurement: Method

Event Channel: J/U=>pr and Wity

Analysis Goals:
Measure the ratio given by the cross section of associated prompt J/{ + W# production
divided by the cross section of inclusive W* production.

Nw g/
R+ = OW T/ _ TREXeAy XAy Xeg XAz 1 Nw y.1/4
I =" - Ny T Nyt X A |
%4 T XL X exfr X Ay W CJ/y J/
Where:
N = number of events € = detector efficiency
T = trigger efficiency A = detector acceptance

L =luminosity
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J/U + W% boson measurement: Method

Additional Goals:

* Measure the ratio as a function of J/""

 Determine the fraction of events from single parton scattering
(SPS) vs double parton scattering (DPS).

We need:
1) Inclusive W * sample
2) Associated J/P + W * sample
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W * Selections
W*Su*v Requirements
Fire trigger for:  isolated muon of p; = 24 GeV OR muon of p; = 36 GeV

High quality muon detected both in tracker and muon system

Transverse momentum pr > 25 GeV
Pseudorapidity In| <2.4
Distance from primary vertex in z |zo| < Imm
Impact parameter significance |d,| <304,
Track momentum isolation in cone of AR <0.3 < 0.05 py
Track energy isolationin cone of AR <0.3 < 0.05 py

Neutrino Requirement

Missing transverse energy E,/755> 20 GeV

Reconstructed Mass Requirement

W transverse mass m+(W) >40 GeV
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Inclusive W * sample — Adjustments Applied

Backgrounds Subtracted

Modeled by processing MC in the same way as data: Data driven estimation:
e W->ev * QCD/multi-jet

e W->1v

e /->ee,uu, 1T

* Single t

* Diboson (ZZWWW?2)

e ft

MC corrections applied to better model the data
* Pileup Weight

e 7z Vertex Weight

e Trigger Weight

* Muon Efficiency Weight

* Muon p; Smearing
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Background Removal, Inclusive W* sample: Multi-jet

ABCD Method for multi-jet background determination
Multijet background is too computationally intensive for MC, so a data driven method is used.

Categories
A: E;miss <20 GeV, m(W) < 40 GeV, isolated muon

B: Eymiss < 20 GeV, m(W) < 40 GeV, anti-isolated muon AsEUpIEE [ Gt Uil
C: Exmiss > 20 GeV, m(W) > 40 GeV, isolated muon  (signal region) ratio Is constant:

. . D/B =C/A
D: E;™ss > 20 GeV, m(W) >40 GeV, anti-isolated muon / /
Muon Isolation Criteria P<0.05p; P >0.05p;
P= Track.lsolatlo.n mqmentum |n.cone of AR<0.3 E < 0.05p; <olated
E = Calorimeter isolation energy in cone of AR < 0.3 —
E > 0.05p; anti-isolated

Method:
1. Subtract events in all other known MC modeled backgrounds from the data events in each region

2. (Eventsin A)/(Eventsin B) = muon isolation fake factor
3. fakefactor x D = multi-jet background
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Inclusive W Sample

W Transverse Mass p+ W Transverse Mass p-
> > [
&+ o s\?ta 2012 & » S?ta 2012
COW ->puv 10° = W ->puv
SE CJQCD Ok £QCD
w E mmW ->ev o - W ->ev
€ ¢ mm W -> v mw->1tv
o [ Bl Z -> eeuu,tt o [ B Z -> eeuu,tt
u>J mm Single t Ll>J105— m= Single t
10° = mmWW, ZZ, WZ = mmWW, ZZ, WZ
= mm Ttbar = Bl Ttbar
100 — 10° =—
10° =— 10° =
QE) 1 g Tafio_p (2) ;
s °F 5 OF
0.5E Tttty 0.5 T T e e i
O ——20 40 60 80 100 120 140 160 180 _ 200 O ——20 40 60 80 100 120 140 160 180 _ 200
MC:AlpgenJimmy; Data:1077J/\¥; Wmt [GeV] MC:AlpgenJimmy; Data:1077J/¥; Wmt [GeV]
Our total model contains ~90% and ~10% backgrounds (MC backgrounds + ABCD method QCD)

Subtracting background events from data events gives (5.21285 + 0.00135)x 10’ events in the inclusive W sample
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Inclusive W* Sample Uncertainty Estimation

Neyents measured in Data
Neyents predicted by Model B

0.9

Assuming our model of just the backgrounds is similarly off by the same factor:

This gives an estimated ~2% systematic uncertainty on the Inclusive W* yield

Total number of data events: 6.229 x 10’
Total number of events given by model of signal MC +background MC +QCD: 6.919 x 10’
Data— (MC backgrounds + QCD)*0.9 = 5.31447 x 10’
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J/ Selections

Individual p Requirements

High quality muon

Transverse momentum pr> 2.5 GeV for [n]| >1.3
Transverse momentum pr> 3.5 GeV for |[n]| <1.3
Pseudorapidity In| < 2.5
Distance from primary vertexin z |z,| < 10 mm

M Pair Requirements

Opposite charges

At least one muon detected in both tracker and muon system with pr > 4 GeV
J/Y invariant mass =(2.4, 3.8) GeV
J/Y transverse momentum pr > 8.5 GeV
J/Y rapidity ly| (0, 2.1)
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J/Y Candidates (with associated W *)

80

70

60

50

40

30

20

10

_|IllllllllllIllllllllllIllllllllllllllllll
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W invariant mass [GeV]

Next Steps:

Identify prompt candidates
(not from secondary decays
e.g. b-hadrons)

Correct for acceptance and

efficiency

Remove backgrounds
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J/U (with associated W *) sample — Adjustments Applied

Backgrounds Estimated and Subtracted
* QCD/multi-jet — Estimated using modified data driven method
* Pileup

Backgrounds Studied and not Observed:
e W->ev,1v; Z->ee,uy, 77; Single top; Diboson (ZZWWW?2); tt; B:X > J/PpAvX

J/Y candidates acceptance and efficiency corrections

Applied with weighting maps:

* Acceptance accounts for the unknown J/{ spin polarization.
* Efficiency corrects the detector’s ability to measure muons.

26/04/2016 D. Bertsche 35




J/U candidates

Each J/{ candidate is
weighted based on pt
and rapidity by an
acceptance (spin
polarization) map.

Each J/ candidate
muon is weighted
based on pt and n by
an efficiency map.
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Acceptance and Efficiency Corrections
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1/U Yield

A two-dimensional, unbinned,
simultaneous, maximum likelihood
fitin mass and lifetime was
performed to separate out the
prompt J/U) component.

Fit performance verified with
independent, higher statistics data
sample. Nominal fit parameters:

* Mass peak fixed

e Mass backgrounds 2" O pol

Two rapidity (y) regions because of
differing resolutions.

26/04/2016

Events /0.3 ps

Events /0.3 ps
2

T T T T

2

T T

| =

Jhp Candidate Pseudo-Proper Time

O<lyl<1

— Total
- == Prompt JAp
-« Prompt Background
-+ Non Prompt Jhp

Non Prompt Background

2 = 39.258

T
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+/- 39.728

n 1‘11 1:‘.1 || 11%1 Lx%l_x 1
2 4 6 8

0
Bin Widths: 0.15 for [-2,1] and 0.5 for [1,10]

L R
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Jhp Candidate Pseudo-Proper Time
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—#— data

—— Total
-= == Prompt JA
- -+ Prompt Background
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Non Prompt Background
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T
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+/- 29.987
1

l 1 4}_{
2
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Di-muon Invariant Mass

90—
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80¢ x? = 66.445 +-cata
70i Prompt Yield: — Total
C 239694 - - - Prompt Jhy
C +/- 39.728 - - - Prompt Background
60 un-weighted: - Non Prampt iy
F 75.902 - +- Non Prompt Background
50  +-12.712
40
30
20# + JfH +

38
Mass [GeV]

Di-muon Invariant Mass

50—

Fooi<lyl<2.1

[ x2=40.415 o
40— Prompt Yield: — Tota

+ 178.364 == Prompt Jip
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Background Removal, Associated J/p + W*: QCD/Multi-jet
Data driven ABCD method

Region D prompt J/ events =25 + 11
J/U + W sample fake factor = A/B =0.150 + 0.015
# of signal events inJ/P + W sample =417 + 28

QCD fraction =D x A/B +signal = 0.8 +/- 0.4%

- QCD background =412 events
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Background Removal, Associated J/y + W* : B*_ decays

* The B*. meson decay can mimic the J/{ + W* signature.
* The B*, has a short lifetime, so it can appear like a prompt signal.
* The invariant mass of the W* muon and the two J/{ muons is calculated.

B — J/y IFvX

3.5

3 W | «  B*.mass =6.277+0.006 GeV.

2'5? * All measured masses of M(3u) alone are > 6.3 GeV,
2 5

1.5§ L U h No backgrounds are observed.

-+ L AL

3 muon invariant mass [GeV]
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Background Removal, Associated J/ + W* : MC backgrounds

W-ev ; W>1v ; Z>ee ; Z->uu ; Z->71T ; Diboson ; single top; T

| W_mt for prompt J/¥ |

P R TS T (TR P Y

1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
60 80 100 120 140 160 180 200 220 240
GeV

10

Events / ( 14.6667 )
li[
I

IIII|IIII||

'
o

°_III°|IIII||III;

,5—
o

N

* The MC background samples were processed identically to the data, plot showsthe number of prompt
J/U+W events present is consistent with zero.
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Background Removal, Associated J/{ + W* : Pileup

Cross-section Prompt J/y

10?
o (nb)
10
| = — VY s— — —— _EOE
Pileup means that the J/{ and W* particles were = ' '
produced in two different proton-proton collisions. 107

10-2 e ————__y A —A —,—

Begin with J/Y—>pp cross section measured by ATLAS T o e g O
arxiv.org/abs/1512.03657v1 e e o
10"

_.-(}_
105L ’ T ——
But we must extrapolate their measurements to ; o
'6[[1][[lllllllllIl[]lllllll]lllllllllll
J/PPT = 150 GeV and J/p vl = 2.1. 0% 02 04 06 08 1 12 14 16 18 2 22
Jp vl

(colors show different J/YPT bins in the range 8 —110. GeV)
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Background Removal, Associated J/y + W * :

Graph

Pileup

J/W->uu Cross Section Extrapolations

Graph
%2 / ndf 0.5116/16
Prob 1 1
p0 -0.5771+0.8183
p1 -0.1781 + 0.02707 107
p2 5.319 = 0.5638
p3 -0.5098 = 0.05225 102

8.391/14

0.868

-3.279 = 1.407
-0.1207 = 0.02164
5.626 = 0.3345
-0.5434 = 0.03539
0.4096 = 0.8627
-0.2301+ 0.04603

0 20 40 60

Double exponential fit
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l l
e .. Background Removal,

,/“J’x il : + .
[y 1 Associated J/ + W*:
| [ .
; | Pileup
Luminosity- Sample distribution Each time, sample
weighted mean many times Poisson distribution
number of to obtain individual with mean <u> to
collisions per <p> values give no. of vertices
bunch crossing ;
from 2012 data for this event, N, .
MC strategy used to determine
Voo | average number of extra pileup
. vertices = 2.3+ 0.2
wof- J’f\\LL / \ =4
\ {0\
{0\
\ [

Distribute N, , lﬁ \‘
in z with

Gaussian width Select one vertex at random Ave. no. of extra
given by beam (PV) and count how many vertices within
spread other vertices fall within 10mm of randomly
o, ~ 48+3 mm 10mm gh??sen one = 2.3 %
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Associated J/ + W? : Pileup Background

Calculatedin 2 y and 6 p; bins:

J/U -> P cross section measurement

x average number of extra pileup vertices (2.3)

+ inclusive cross section (0.73x1078 b)

x average inclusive J/{ <acceptance x efficiency>
x inclusive W *yield (5.21x107)

=> 7.910.3 pileup events

26/04/2016 D. Bertsche 44




Associated J/ + W * : Systematic Uncertainty

Mass Fit

Estimated by taking the divergence between the cross-section ratio calculated with a nominal fit
and an alternate fit.

> Nominal: single Gaussian for signal, 2" order polynomial for the backgrounds
» Alternative 1: Introduce a {(2S) mass peak into the fit model

» Alternative 2: let the J/{ mass peak float

» Alternative 3: exponential background functions

Results: 9.5% and 3.9% (for |y, | <1, 1< |y);y| <2.1)

Pileup
Events due to pileup determined to be 7.89 +/- 0.25. We calculate the result subtracting the
max(min) values and then take the difference from the nominal result as a systematic.

Results: 0.1% and 0.3% (for |y, | <1, 1< |y,y| <2.1)
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Associated J/P + W * : Systematic Uncertainty

J/U muon efficiency
Randomly sample J/{ muon efficiency from a Gaussian distribution about the nominal value.

Repeat 100 times, the deviation between the mean of this result and the nominal result is taken
as a systematic uncertainty.

Results: 1.2% and 0.9% (for [y, | <1, 1 < |y, | <2.1)

Jhp u_pt vs mu_eta passing all cuts

40

- - -

N © o n S
. o o =] o o
T T[T T[T T[T T T[T T[T TT[TTT[]1

[o2]
o

n
o

o

!
2 3
Jhp uPtvs n
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1/ flight
Associated J/ + W * : Systematic Uncertainty quarkonium z’

rest frame P momentum

J/U Acceptance .

The maximum difference in alternate results compared to the ~ Pproduction
. . . plane \
nominal is used as a systematic.

Results: 30.0% and 25.4% (for |y, | <1, 1< |yl <2.1)

J/U = ptu angular distribution:
N 1+ Agcosf*? + Aysinf*?cos2¢* + \gysin20* cosp*
Woc + Agcost™ + Agsinf™“cos2¢™ + Aggsin20” cosg
1. Isotropic (nominal): Ag=Agp =Ag4, =0
2. Longitudinal: Ag=-1, Ay=MAg,=0
3. Transverse-0:Ag=+1, Ay =Agy,=0
4. Transverse-M:Ag=+1, Ay =-1, Ag, =0
01 — l0_51 — 1 — I1_5l — Iél — |25 5. Transverse-PI}\e=}\¢=+1, Aed):O
J/y rapidity
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Systematic Uncertainty Summary

Source of Uncertainty Percent Contribution

|yJ/¢| <1l 1I< |yJ/¢| < 2.1

J /1 mass fit 9.5% 3.9%
py s efficiency 1.2% 0.9%
Pileup 0.1% 0.3%
Inclusive W yield 1.9% 1.9%
J /1 spin-alignment 30.0% 25.4%
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Associated J/y + W* : DPS Contribution Estimation

Assume:

1) Two uncorrelated hard scatters

2) O is process-independent . O-J/@b
Then: probability of both J/ and W*= PZJ = —

W T T

Calculatedin 2 y and 6 p; bins:

J/U -> pu cross section measurement

+ O (15 mb, from W+2 jet ATLAS measurement)
+ bin sizein |y| x py space

x average inclusive J/ <acceptance x efficiency>
x inclusive W *yield (5.21x107)

=>» 34.3+5.7 DPS events
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SPS and DPS contribution

:CS\ :IIIAI_’_Iqulsll;ﬂlelrr;aillllIIIIIIIIIIIIII- ﬂ0_7__111r||r-|||||n|||||||.|.[..lll__
B S0 p ] = - ATLAS Preliminary, Simulation P
- K s=8 TeV, 20.3 fb ] =D . ]
— K ] > 0.6~ 4 SPS template (MadGraph COM NLO) -
® P pp— prompt J/y + W i S - =4 DPS template (flat) -
CIC) O__ —<¢— Data ] 5 0.5 MC sh =
Lﬁ | [ | Double Parton Scattering ; < : shapes ]
30 [ Pileup J 0.4} -

[ ] Pileup and DPS Uncertainty ] : g

B - 0.8~ 7

20F : ; ]

: ] 0.2~ -

o T L] ——t
S 5 0 ] o e

W . - 0 05 1 1.6 2 25 3
:I.I L1 I L1 1 1 I L1 1 1 I L1 11 I L1 11 I L1 11 I I: A(b(W’J/\II)

o 05 1 15 2 25 3
AY(J/y, W)

Ad(J/P,W) for prompt J/P +W events, showing the
DPS contribution in yellow.

Single parton scattering (SPS) peaks at m rad, and DPS is flat.
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Differential Results

—4 _
s 107 E aias Internal, Vs=8 TeV, 20.3 fb™
S| u 0-5L Pp— prompt J/y+W : pp—>W
+ Q. E
g © %% —t+— Data
\b- 1 0—6 L Spin-alignment uncert.
S =, —4— NLO CO - Sett
S, 7 Ry —¥— NLO CO - Set2
~ %1 O % \ZY: ¥ DPS uncert.
o) B . ¥ [ Estimated DPS contrib.
x 10°8F T
STl o |
E
T .
—10 ,
§1 0"k
@ 4011k
10—‘2;?
10_13 B | | | | | | | | | | 2
910 20 30 40 J/ 10
poY [GeV]

The inclusive differential cross section ratio for|y|<2.1is shown in 6 p;/¥ bins.
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X
S
[e2]

~ 181
S f ATLAS Internal, {s=8 TeV, 20.3 fb Total Results
NGl pp— prompt J/y+W : pp—>W
— - J/\ll
S - 2.1, 8. 150 GeV . . .
x 14 IyJ/\u|< , 8:3<p, "< A total integrated cross section ratio is also calculated
% | —t—Daa . using three different methods:
12 V7777 Spin-alignment uncertainty
sk — NLO CO - Sett
S 10 ¥ NLO CO - Set2 1. Fiducial only corrects for J/{ muon efficiency
& 101 P
- // /% 2. Inclusive corrects for J/P muon efficiency and J/
I3 % / % spin acceptance
6:— % 3. DPSsub removes double parton scattering events to
- compare with theory
4 |
- I
21~
- A '7'4'
ot | |
Fiducial Inclusive  DPS-subtracted
Y/ Fiducial [x1079] Inclusive [x1079] DPS-subtracted [x1079]

value + (stat) £ (syst) value + (stat) £ (syst) & (spin) value + (stat) = (syst) = (spin)
1ys/9| < 1.0 1.78 + 0.29 + 0.23 460+ 0.76 +£0.45 +£1.38 433+ 0.76 +£045 =+ 1.38
LD <yl <21 1.67 £ 0.28 =+ 0.10 342+ 0.58 +£040 +£0.87 3.03+ 0.58 =+ 0.40 =+ 0.87
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Inclusive Differential Cross section Measurements

Comparison with theory and 7 TeV

s F
2e ia — measurement
?_g E v fiﬂ::n T;w Theory, Color Octet Measurement
; N _T—_E},ﬁ 4$7 [5-8TeV, 203" + stat £ syst £ pol
Fo7k _l_ 7TeV  (22.68+3.36) x 10~8 (328 £ 134 £ 927172) x 1078
2 F 8 TeV  (81.282£3.251) x 107% (736 96 £ 61 4+ 163) x 10~°
g [ 8 TeV' (94.408 £3.776) x 1078
10° 4‘%— . .
= DPS-Subtracted Cross-Section Ratio Numbers
B TAlternate polarization set
I &
107 = T
:. | L L n |
e o8
it I T
2 0
~

910 20 30 40 50 10°
J/Y Transverse Momentum [GeV] pi/“' [GeV] Theory (NLOCOset 1)  0.279+0.043
(NLOCOset2) 0.240+0.037

Measurement 0.446+0.191

Theory consistently under-predicts the measurements.
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Conclusions

OW+J/+

A measurementof thecross sectionratio Ry = is presented.

* Currentlyonlytheorypredictionsforsingle parton scatteringin the color
octet model are available, these results can be compared to new theory
predictions asthey develop.

* Theorynumbersfor both7 TeV and 8 TeV underpredict measurements by the
same amount within statistical errors.

* Anestimated 8.2+ 1.9 % of signal eventsare dueto double parton scattering.
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Backup:SM

Pa rt|C|e PhVSlCS = What is everything made of and what holds it together?

* 460-370B.C. Democritus

e 1773-1829 Thomas Young

* 1874 George Stoney

* 1895 Wilhelm Rontgen

« 1898 Joseph Thompson

e 1919 ErnestRutherford

« 1921 James Chadwick and E.S. Bieler
e 1923 Arthur Compton

e 1924 Louis de Broglie

* 1930 Wolfgang Pauli

e 1931 Paul Dirac

* 1937 Andersonand Neddermeyer

All matter is made of indivisible particles called atoms

Wave theory of light

Theorizes the electron, estimates its mass

Discovers x rays

Measures the electron, develops "plum-pudding" model of the atom
First evidence for a proton

Strong force holds the nucleus together.

Discovers the quantum (particle) nature of x rays, photons are particles
Proposes that matter has wave properties

Neutrino explains the continuous electron spectrum for beta decay
Proposes positron, first antiparticle

Muon discovered in cosmic rays

e 1953 --- Beginning of a proliferation of particle discoveries ---

* 1968-69 JamesBjorken, Richard Feynman
« 1974 SamuelTing, Burton Richter

« 1976 Martin Perl

e 1977 Leon Lederman

* 1983 Carlo Rubbia, Simon Van der Meer
* 1995 CDF and DO experiments

« 2012 ATLAS and CMS experiments

26/04/2016

Propose quark model based on SLAC data
Separately discover J/U particle on the same day
7 lepton unexpectedly discovered at SLAC.
Bottom quark discovered at Fermilab

W* and Z° bosons discovered at CERN

Top quark discovered at Fermilab

Higgs boson discovered at CERN
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Backup:SM

1 st 2“" 3"j ‘ electro-weak
generation symmetry breaking  outside of
everyday matter exotic matter force particles (mass giving) standard model
4 N/ N\ N e
(- @)
7 N\
4 2.4M 1.27G 171.2G @
<— charge §
<«— color charge (r,g or b) g
u mass (eV) c
<— spin o 125-6G
§ 2 up d charm top P ;
2'c < 8
o o
g a- 4.8M % 104M : 42G i 8
= Q | —
S
a 3
down strange bottom e 8
NUNAN / g
Q
4 0.511M ‘ 105.7M 1.777G 2
"a‘.
T
e ., u g
To electron A uon 8
g
28 |\ / x
3 = 1 I
B g = g
g = 2 !
= [+ CE
[ HE.
V g graviton S
e g 2
e—neutrincﬂ g : g‘
\ \ / ............... @
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Backup: Theory

J/1(1S) DECAY MODES

Scale factor/

Mode Fraction (I';/T) Confidence level
['{ hadrons (87.7 £05 )%
[ virtualy — hadrons (13.50 4+0.30 ) %
[3 g8g (641 +1.0 )%
[ 4 Y88 (88 405 )%
s eTe ( 5.94 +0.06 ) %
e ptp ( 5.93 +0.06 ) %

Decays involving hadronic resonances

[, pm ( 1.69 +0.15 ) % S=2.4
Mg pV 70 (56 =407 )x10~3
9 a5(1320)p (1.09 £0.22 )%
[0 wrtata 7~ (85 434 )x10-3
N1 wrta 70 (40 +07 )x10~3
(10 wrtTa™ (86 +07 )x10~3 S=1.1
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Backup: Theory w+ DECAY MODES

W™ modes are charge conjugates of the modes below.

Mode Fraction (I';/T) Confidence level
R tw [a] (10.80+ 0.09) %
[, etv (10.75+ 0.13) %
3 ptv (10.57+ 0.15) %
[, 71Tv (11.25+ 0.20) %
[ hadrons (67.60+ 0.27) %
e 7Ty < 8 x 1072 95%
7 Df~ < 1.3 x 1073 95%
g X (33.4 &+ 26 )%

= 1

g CS (31 flzli ) %
[10 invisible b] (14 + 29)%

[a] £ indicates each type of lepton (e, i, and 7), not sum over them.

[b] This represents the width for the decay of the W boson into a charged
particle with momentum below detectability, p< 200 MeV.
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Backup: Theory proton 1 proton 2

pP!
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Backup: ATLAS Experiment

Alison Lister (UBC) 2015

26/04/2016

Events / GeV
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Backup: ATLAS Experiment

Particle Level

\q,ae“

i Parton
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ATLAS Pralummary
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Backup: ATLAS Experiment

Electromagnetic Shower
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Backup: ATLAS Experiment

Fundamental Forces

Strength Range (m) Particle
Force which
Stron g holds nucleus 10718 gluons,
@ @togeher (dlameter of a n(nucleons)
medium sized nucleus)
Strength Range (m) Particle
E le ctro- <-® @-> 1 _ photon
. 137 Infinite mgss =0
magnetic O<® spin=1
_ Strength Range (m) Particle
Wea k \ - V 1 0.3 1 0-18 Intermediate
w\@ :> ‘@ (0.1% of the diameter veimr b?sons
of a proton) W* W™, 2,
neutrino interaction mass > 80 GeV
induces beta decay spin =1
Strength Range (m) Particle
- Tat g graviton ?
G'aVIt" @@ 6 x 10 39 Infinite mass = 0
spin =2

hyperphysics.phy-astr.gsu.edu

26/04/2016 D. Bertsche 68




Backup: ATLAS Experiment

Beta Star (B*) and F functions for L

* Betastaris a function of the magnet settings at a given
point

* Fis the geometric luminosity reduction factor due to the
interaction point crossing angle

0.0.\%\ °
20%

Oc = crossing angle
oz = RMS bunch length
o* = RMS bunch width
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Backup: ATLAS Experiment

Emittance (€) for L
x!

 The “area in phase space”
occupied by the beam =m x €

* |nvariantaround the beam

 For a Gaussiandistribution € ’
-ms contains 39% of the beam, /
where:

V4

€rms = \/< T2 > 12 > — < gz’ >2
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Backup: ATLAS Experiment

Muon Definition

* The muon definition may be different between the uncorrected and corrected files.

The W muon type information from the uncorrected flatNtupler
*  Must be a STACO muon
» mu_type ==
*  Must be combined muon
» mu_iscombined == TRUE
*  Must pass muon quality cuts
» mu_passes_mcp == TRUE

The W muon type information from the uncorrected flatNtupler
* Must be a MuidCo muon

» m.author() =12
* Must pass muon quality cuts

» m.nPixHits() + m.nPixelDeadSensors() >=0

» m.nPixHoles() + m.nSCTHoles() < 3

» intnTRTtotal = m.nTRTHits() + m.nTRTOutliers();

if (fabs(m.eta()) >= 0.1 && fabs(m.eta()) <= 1.9){
const bool cut = (nTRTtotal > 5 && (double)m.nTRTOutliers()/(double)nTRTtotal >0.9);

}
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Backup: ATLAS Experiment

ATLAS
Toroid
Magnet

i

v:‘ lk“ ' ){
i ][] LU

[/ .

26/04/2016 D. Bertsche 72




Backup: ATLAS Experiment

Detector Component 7 coverage Required Resolution

Inner detector +2.5 U;’T = 0.06%pr ® 1%
. ocg __ 10%

EM calorimetry 3.2 =750 0.7%

Hadronic calorimetry (jets)

barrel and end-cap +3.2 L = 5\%’ ® 3%
forward 3.1 <|n| <4.9 = L\/Og’ ® 10%

Muon spectrometer il % = 10% at ppr = 1TeV

D. Bertsche 73

26/04/2016



Backup: ATLAS Experiment

What is a Jet?

@ Collimated bunches of stable hadrons, A | . |

originating from partons (quarks & ':
: LL CaloJets

gluons) after fragmentation and

hadronization | ‘4\

® Jet Finding is the approximate

attempt to reverse-engineer the Observable \\\ ! N //
quantum mechanical processes of | '
fragmentation and hadronization l Stable Particles GenJets

% not a unique procedure -> \\U //
several different approaches ) waleh ek el

@ Jets are the observable objects to T:f,zry ‘ \ f
relate experimental observations to  Modeling 7
theory predictions formulated in oy, Partons
terms of quarks and gluons l ‘ ’

Philipp Schieferdecker (KIT) 2009
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Backup: ATLAS Experiment
Anti-k; Algorithm

p, (GeV) anti-k,, R=1 |

® Despite being a IRC-safe
sequential clustering algorithm:
produces
cirular cone-shaped jets!

® Many similar features and
performance (expected, under
study) as iterative cone, without
the assoc. short-commings

® Shown to be particularly | Camvaachen || g g
|ns“en5|t|ve _to"UE & PU £ ., anti-k Al
% “back-reaction”: net transverse : A=t lyl<2
momentum change of 200GeV g
leading jets in QCD dijet sample S oo e .
when adding high-lumi PU to the < "
event RS J .
0.001 = -
-20 -15 -10 -5 0 5 10 15
.\pl‘B’ (GeV)

Philipp Schieferdecker (KIT) 2009
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Backup: ATLAS Experiment

Momentum Measurement

The momentum of the particle is orders of magnitude
projected along two directions P, =1GeV B=2T R=16Tm

P =10GeV B=2T R=16.7Tm
the sagitta s

in p - ¢ plane we measure the /

ftransverse momentum P,

¢ ﬁ\x P = PcosA = 0.3BR

| p

. assume a track length of 1 m
in the p - z plane we measure the

dip angle A

P = 1GeV s="1T74cm
P =10GeV s=10.74 cm

v

An Introduction to Charged Particles Tracking - Francesco Ragusa
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Backup' Samples Used Data set used: datal2_8TeV.periodAllYear.physics_Muons.PhysCont.AOD.prol4_v01

X-sec

M C u sed . Sample Full AOD Name DSID  [pb] k-factor
—_— Wenu0_jet mc12_8TeV.107680.Alpgenlimmy_AUET2CTEQ6L1_WenuNpO.merge.AOD.e1571_s1499_s1504_r3658_r3549 107680 8037.8 1.1760
W enu 1_jet mc12_8TeV.107681.Alpgenlimmy_AUET2CTEQ6L1_WenuNpl.merge.AOD.e1571_s1499_s1504_r3658_r3549 107681 1579.5 1.1760
W enu 2_jet mc12_8TeV.107682.Alpgenlimmy_AUET2CTEQ6L1_WenuNp2.merge.AOD.e1571_s1499_s1504_r3658_r3549 107682 477.31 1.1760
W e,nu 3_jet mc12_8TeV.107683.Alpgen)immy_AUET2CTEQ6L1_WenuNp3.merge.AOD.e1571_s1499_s1504_r3658_r3549 107683 133.89 1.1760
W enu 4_jet mc12_8TeV.107684. Alpgenlimmy_AUET2CTEQ6L1_WenuNp4.merge.AOD.e1571_s1499_s1504_r3658_r3549 107684 35.614 1.1760
W enu 5_jet mc12_8TeV.107685.Alpgenlimmy_AUET2CTEQ6L1_WenuNp5.merge.AOD.e1571_s1499_s1504_r3658_r3549 107685 10.545 1.1760
W mu,nu 0_jet mc12_8TeV.107690.Alpgenlimmy_AUET2CTEQ6L1_WmunuNpO.merge.AOD.e1571_s1499_s1504_r3658_r3549 107690 8040.9 1.1760
W mu,nu 1_jet mc12_8TeV.107691. Alpgenlimmy_AUET2CTEQ6L1_WmunuNpl.merge.AOD.e1571_s1499_s1504_r3658_r3549 107691 1581 1.1760
W mu,nu 2_jet mc12_8TeV.107692. Alpgenlimmy_AUET2CTEQ6L1_WmunuNp2.merge.AOD.e1571_s1499_s1504_r3658_r3549 107692 477.53 1.1760
W mu,nu 3_jet mc12_8TeV.107693. Alpgenlimmy_AUET2CTEQ6L1_WmunuNp3.merge.AOD.e1571_s1499_s1504_r3658_r3549 107693 133.83 1.1760
W mu,nu 4_jet mc12_8TeV.107694. Alpgenlimmy_AUET2CTEQ6L1_WmunuNp4.merge.AOD.e1571_s1499_s1504_r3658_r3549 107694 35.579 1.1760
W mu,nu 5_jet mc12_8TeV.107695.Alpgenlimmy_AUET2CTEQ6L1_WmunuNp5.merge.AOD.e1218_s1469_s1470_r3542_r3549 107695 10.561 1.1760
W tau,nu 0_jet mc12_8TeV.107700.Alpgenlimmy_AUET2CTEQ6L1_WtaunuNpO.merge.AOD.e1218_s1469_s1470_r3753_r3549 107700 8036.2 1.1760
W taunu 1_jet mc12_8TeV.107701.Alpgenlimmy_AUET2CTEQ6L1_WtaunuNpl.merge.AOD.e1218_s1469_s1470_r3605_r3549 107701 1579.5 1.1760
W taunu 2_jet mc12_8TeV.107702. Alpgenlimmy_AUET2CTEQ6L1_WtaunuNp2.merge.AOD.e1218_s1469_s1470_r3753_r3549 107702 477.5 1.1760
W taunu 3_jet mc12_8TeV.107703. Alpgenlimmy_AUET2CTEQ6L1_WtaunuNp3.merge.AOD.e1218_s1469_s1470_r3753_r3549 107703 133.78 1.1760
W tau,nu 4_jet mc12_8TeV.107704.Alpgenlimmy_AUET2CTEQ6L1_WtaunuNp4.merge.AOD.e1218_s1469_s1470_r3605_r3549 107704 35.593 1.1760
W tau,nu 5_jet mc12_8TeV.107705. Alpgenlimmy_AUET2CTEQ6L1_WtaunuNp5.merge.AOD.e1571_s1499_s1504_r3658_r3549 107705 10.534 1.1760
Zee 0_jet mc12_8TeV.107650.Alpgenlimmy_AUET2CTEQ6L1_ZeeNpO.merge.AOD.e1571_s1499_s1504_r3658_r3549 107650 711.76 1.2290
Zee 1_jet mc12_8TeV.107651. Alpgenlimmy_AUET2CTEQ6L1_ZeeNpl.merge.AOD.e1571_s1499_s1504_r3658_r3549 107651 155.2 1.2290
Zee 2_jet mc12_8TeV.107652.Alpgenlimmy_AUET2CTEQ6L1_ZeeNp2.merge.AOD.e1218_s1469_s1470_r3542_r3549 107652 48.739 1.2290
Zee 3_jet mc12_8TeV.107653. Alpgenlimmy_AUET2CTEQ6L1_ZeeNp3.merge.AOD.e1571_s1499_s1504_r3658_r3549 107653 14.222 1.2290
Zege 4_jet mc12_8TeV.107654. Alpgenlimmy_AUET2CTEQ6L1_ZeeNp4.merge.AOD.e1571_s1499_s1504_r3658_r3549 107654 3.7471 1.2290
Zee 5_jet mc12_8TeV.107655. Alpgenlimmy_AUET2CTEQ6L1_ZeeNp5.merge. AOD.e1571_s1499_s1504_r3658_r3549 107655 1.0942 1.2290
Zmumu 0_jet mc12_8TeV.107660.Alpgenlimmy_AUET2CTEQ6L1_ZmumuNpO.merge.AOD.e1571_s1499_s1504_r3658_r3549 107660 712.06 1.2290
Zmumu 1_jet mc12_8TeV.107661. Alpgenlimmy_AUET2CTEQ6L1_ZmumuNpl.merge.AOD.e1218_s1469_s1470_r3542_r3549 107661 154.78 1.2290
Zmumu 2_jet mc12_8TeV.107662.Alpgenlimmy_AUET2CTEQ6L1_ZmumuNp2.merge.AOD.e1571_s1499_s1504_r3658_r3549 107662 48.884 1.2290
Zmumu 3_jet mc12_8TeV.107663.Alpgenlimmy_AUET2CTEQ6L1_ZmumuNp3.merge.AOD.e1571_s1499_s1504_r3658_r3549 107663 14.496 1.2290
Zmumu 4_jet mc12_8TeV.107664.Alpgenlimmy_AUET2CTEQ6L1_ZmumuNp4.merge.AOD.e1571_s1499_s1504_r3658_r3549 107664 3.8024 1.2290
Zmumu 5_jet mc12_8TeV.107665. Alpgenlimmy_AUET2CTEQ6L1_ZmumuNp5.merge.AOD.e1571_s1499_s1504_r3658_r3549 107665 1.1094 1.2290
Ztautau 0_jet mc12_8TeV.107670.Alpgenlimmy_AUET2CTEQ6L1_ZtautauNpO.merge.AOD.e1571_s1499_s1504_r3658_r3549 107670 711.89 1.2290
Ztautau 1_jet mc12_8TeV.107671.Alpgenlimmy_AUET2CTEQ6L1_ZtautauNpl.merge.AOD.e1571_s1499_s1504_r3658_r3549 107671 155.09 1.2290
Ztautau 2_jet mc12_8TeV.107672.Alpgenlimmy_AUET2CTEQ6L1_ZtautauNp2.merge.AOD.e1571_s1499_s1504_r3658_r3549 107672 48.805 1.2290
Ztautau 3_jet mc12_8TeV.107673.Alpgenlimmy_AUET2CTEQ6L1_ZtautauNp3.merge.AOD.e1571_s1499_s1504_r3658_r3549 107673 14.14 1.2290
Ztautau 4_jet mc12_8TeV.107674.Alpgenlimmy_AUET2CTEQ6L1_ZtautauNp4.merge.AOD.e1571_s1499_s1504_r3658_r3549 107674 3.7711 1.2290
Ztautau 5_jet mc12_8TeV.107675.Alpgenlimmy_AUET2CTEQ6L1_ZtautauNp5.merge.AOD.e1571_s1499_s1504_r3658_r3549 107675 1.1122 1.2290
. Ttbar mc12_8TeV.105200.McAtNloJimmy_CT10_ttbar_LeptonFilter.merge.AOD.e1513_s1499_s1504_r3658_r3549 105200 112.94 1.2158
MC normalized to data

sTop e mc12_8TeV.117360.AcerMCPythia_AUET2BCTEQ6L1_singletop_tchan_e.merge.AOD.e1195_s1469_s1470_r3542_r3549 117360 8.5878 1.1037
sTop mu mc12_8TeV.117361.AcerMCPythia_AUET2BCTEQ6L1_singletop_tchan_mu.merge.AOD.e1346_s1499_s1504_r3658_r3549 117361 8.5889 1.1035
sTop tau mc12_8TeV.117362.AcerMCPythia_AUET2BCTEQ6L1_singletop_tchan_tau.merge.AOD.e1195_s1469_s1470_r3542_r3549 117362 8.581 1.1045
ww mc12_8TeV.105985.Herwig_AUET2CTEQ6L1_WW.merge.AOD.e1576_s1499_s1504_r3658_r3549 105985 12.416 1.6833
7z mc12_8TeV.105986.Herwig_AUET2CTEQ6L1_ZZ.merge.AOD.e1576_s1499_s1504_r3658_r3549 105986 0.99081 1.5496
wz mc12_8TeV.105987.Herwig_AUET2CTEQ6L1_WZ.merge.AOD.e1576_s1499_s1504_r3658_r3549 105987 3.6706 1.9011
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Backup:Samples Used

Sample
W e,nu0_jet

We,nul_jet
We,nu2_jet
W e,nu 3_jet
We,nu4d_jet

We,nu5_jet

W mu,nu 0_jet
W mu,nu 1_jet
W mu,nu 2_jet
W mu,nu 3_jet
W mu,nu é_jet

W mu,nu 5_jet

W tau,nu 0_jet
W tau,nu 1_jet
W tau,nu 2_jet
W tau,nu 3_jet
W tau,nu 4_jet

W tau,nu 5_jet

name tag

147025.AlpgenPythia_Auto_P2011C_WenuNpO
117680.AlpgenPythia_P2011C_WenuNpO
147026.AlpgenPythia_Auto_P2011C_WenuNp1l
117681.AlpgenPythia_P2011C_WenuNp1l
147027.AlpgenPythia_Auto_P2011C_WenuNp2
117682.AlpgenPythia_P2011C_WenuNp2
147028.AlpgenPythia_Auto_P2011C_WenuNp3
117683.AlpgenPythia_P2011C_WenuNp3
147029.AlpgenPythia_Auto_P2011C_WenuNp4
117684.AlpgenPythia_P2011C_WenuNp4
147030.AlpgenPythia_Auto_P2011C_WenuNp5inc|
117685.AlpgenPythia_P2011C_WenuNp5

147033.AlpgenPythia_Auto_P2011C_WmunuNpO
117690.AlpgenPythia_P2011C_WmunuNpO
147034.AlpgenPythia_Auto_P2011C_WmunuNp1
117691.AlpgenPythia_P2011C_WmunuNp1
147035.AlpgenPythia_Auto_P2011C_WmunuNp2
117692.AlpgenPythia_P2011C_WmunuNp2
147036.AlpgenPythia_Auto_P2011C_WmunuNp3
117693.AlpgenPythia_P2011C_WmunuNp3
147037.AlpgenPythia_Auto_P2011C_WmunuNp4
117694.AlpgenPythia_P2011C_WmunuNp4
147038.AlpgenPythia_Auto_P2011C_WmunuNp5incl
117695.AlpgenPythia_P2011C_WmunuNp5

147041.AlpgenPythia_Auto_P2011C_WtaunuNpO
117700.AlpgenPythia_P2011C_WtaunuNpO
147042.AlpgenPythia_Auto_P2011C_WtaunuNp1l
117701.AlpgenPythia_P2011C_WtaunuNp1l
147043.AlpgenPythia_Auto_P2011C_WtaunuNp2
117702.AlpgenPythia_P2011C_WtaunuNp2
147044.AlpgenPythia_Auto_P2011C_WtaunuNp3
117703.AlpgenPythia_P2011C_WtaunuNp3
147045.AlpgenPythia_Auto_P2011C_WtaunuNp4
117704.AlpgenPythia_P2011C_WtaunuNp4
147046.AlpgenPythia_Auto_P2011C_WtaunuNpS5incl
117705.AlpgenPythia_P2011C_WtaunuNp5

Ze,e0_jet
Zeel_ jet
Zee?2_jet
Zee3_jet
Zeed jet

Zee5_jet

Zmu,mu 0_jet
Zmu,mu 1_jet
Zmu,mu 2_jet
Z mu,mu 3_jet
Zmu,mué_jet

Zmu,mu5_jet

Z tau,tau 0_jet
Ztautau 1_jet
Z tau,tau 2_jet
Z tau,tau 3_jet
Ztau,tau 4_jet

Z tau,tau 5_jet

147105.AlpgenPythia_Auto_P2011C_ZeeNpO
117650.AlpgenPythia_P2011C_ZeeNpO
147106.AlpgenPythia_Auto_P2011C_ZeeNpl
117651.AlpgenPythia_P2011C_ZeeNp1l
147107.AlpgenPythia_Auto_P2011C_ZeeNp2
117652.AlpgenPythia_P2011C_ZeeNp2
147108.AlpgenPythia_Auto_P2011C_ZeeNp3
117653.AlpgenPythia_P2011C_ZeeNp3
147109.AlpgenPythia_Auto_P2011C_ZeeNp4
117654.AlpgenPythia_P2011C_ZeeNp4
147110.AlpgenPythia_Auto_P2011C_ZeeNp5incl
117655.AlpgenPythia_P2011C_ZeeNp5

147113.AlpgenPythia_Auto_P2011C_ZmumuNpO
117660.AlpgenPythia_P2011C_ZmumuNpO
147114.AlpgenPythia_Auto_P2011C_ZmumuNpl
117661.AlpgenPythia_P2011C_ZmumuNpl
147115.AlpgenPythia_Auto_P2011C_ZmumuNp2
117662.AlpgenPythia_P2011C_ZmumuNp2
147116.AlpgenPythia_Auto_P2011C_ZmumuNp3
117663.AlpgenPythia_P2011C_ZmumuNp3
147117.AlpgenPythia_Auto_P2011C_ZmumuNp4
117664.AlpgenPythia_P2011C_ZmumuNp4
147118.AlpgenPythia_Auto_P2011C_ZmumuNp5incl
117665.AlpgenPythia_P2011C_ZmumuNp5

147121.AlpgenPythia_Auto_P2011C_ZtautauNpO
117670.AlpgenPythia_P2011C_ZtautauNpO
147122.AlpgenPythia_Auto_P2011C_ZtautauNpl
117671.AlpgenPythia_P2011C_ZtautauNp1
147123.AlpgenPythia_Auto_P2011C_ZtautauNp2
117672.AlpgenPythia_P2011C_ZtautauNp2
147124.AlpgenPythia_Auto_P2011C_ZtautauNp3
117673.AlpgenPythia_P2011C_ZtautauNp3
147125.AlpgenPythia_Auto_P2011C_ZtautauNp4
117674.AlpgenPythia_P2011C_ZtautauNp4
147126.AlpgenPythia_Auto_P2011C_ZtautauNp5incl
117675.AlpgenPythia_P2011C_ZtautauNp5
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Backup: Signal Extraction

J/U Weight Calculation

flatWeight
A total weight was calculated for each J/{ candidate using 140~
. . - htemp
this formula: B Entries 1077
120— Mean 2.327
B RMS 1.49
. B
Weig J/1 acceptance x ut efficiency x p~ efficiency B
80—
This increases the number of J/{ candidate events. B
60—
There are 8 possible J/ polarizations, leading to 8 possible a0l
weights. This is the flat or un-polarized weight. B
20?
07 1 Il 1 | 1 1 1 | 1 1 ﬂ;l—ﬂ—f‘ﬂr_ﬂr—f‘IU'LO—‘l 1 | m & | | 1 1
0 2 4 6 8 10 12
flatWeight
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Backup: Signal Extraction

Additions:
* Previously we looked at an inclusive J/{ sample to determine the best fit
parameters.

* Butthe pT ¥ distribution does not well match that of the associated J/+W.

J/y p_pt + passing all cuts Jhy p_pt + passing all cuts
18010° h616 h616
Fm Entries 890156 600 Entries 2121
- Mean 21.94 r Mean 11.44
160— RMS 17.21 u RMS 11.16
140~ 500—4
120— 400/
100 -
r 300—
80— - -+
60— - 200— +
40— - C
Coo_ - 10— ty
20{— - - - L -
E -— - : e L n | |
C T R S T ! -\\-\-’-‘__ ] M R TR 0 ! ! L — ——
% 20 20 50 %0 S T 0 20 40 60 80 100 120

Jhyu+Ptvsn Jyp+Ptvsm
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Backup: Signal Extraction

* Sowe madea sample of J/{+anti_W, meaning that if the any of the W muon
requirements or the MET requirement failed then the event was kept.
* This provided a pT ¥ distribution better matching that of the associated

J/P+W. @ @

J/y u_pt + passing all cuts J/y p_pt + passing all cuts
h616 h616

L Entries 13341 600 Entries 2121
. Mean  12.82 - Mean 11.44

C RMS 13.01 C RMS 1116

- 500—
2500— C 1

B 400—
2000 — C

o+ C
1500 — 800E 4

- . -
1000[— 200—  +

C + C
soo— . oo+

N - - ++

- T - - “++

N S B e s ob e L e L
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Jypu+Ptvsn Jwu+Ptvsn

* The J/Y mass distribution of this J/{ +anti_W sample was fit to determine the
best fit parameters.
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Di-muon Invariant Mass Jhp Candidate Pseudo-Proper Time Backup: Signal Extraction

> F (7]
8000 §103 3
3 O<lyl<i N o
3 [ 42=50.010 il e X
2 F X ! — Total c r - - Prompt Jr
2350~ Prompt Yield: -~ Prompt Iy o T ot Baskground
OC) E 567.175 = = = Prompt Background L N £ N zg: E:g:zilsglkgymlﬁz 1
1300F-  +- 64.014 o o Bt - pomptvas
E un-welghted: - - - Prompt y28 102 E P
250 r 256.706 Non-prompt 425 E
r  +/~14.139 -
200; | %2 = 34.881
150; 101 }L I?ég:rmthie d:
100k C +/- 56.570
i I % # Sample:
PRI ETRTERTEN B TRTEE SN 4 1 111:l111‘l1111111111vt111_1 ° .
8.4 2.6 2.8 3 3.2 3.4 3.6 3.8 -2 0 6 10 J/l.l.)+a ntl_W
Bin width: 0.025 Mass [GeV] Bin Widths: 0.15 for [-2,1] and 0.5 for [1,10] Tau [ps]
> N 2] . .
8300 31037 Fit parameters:
g | 1<lyl<2d + v ek . e 24<MMN<38
e C =67.517 — Total “2 - Total b 9nd
2250~ Prompt Yield: S — s [ L o ground * Mpg’¥ 270
S C 566.849 = =+ Prompt Background L B Non pmmp@%
® L TN o o lyls1 pol
> L Non Prompt J/ Non Promp
w r +/- 56:570 . ==+ Non Prom::i B:ckground """ ;mnr?:: 1:;2? 25 .
200 un-weighted: - Prompty25 102 orPromet v *  W(2S): Gaussian
: 296-41 2 Non-prompt 28 E
- +/-29.933 C
150 — i
C i }L x? = 98.220
100 10 | RigmpVield:
N\ +- 64.014
. N\ T J(
i | : L1 l‘f o b gy 1 FL

82 26 28 3 32 34 36 38 -2 0 2 4 6 8 10
26/04 Bin width: 0.025 Mass [GeV] Bin Widths: 0.15 for [-2,1] and 0.5 for [1,10]  Tau [ps] D. Bertsche 82




Backup: Signal Extraction

* Usinga 2" order polynomialasthe J/{ mass background model
and includingthe W(2S) peak gives these parameters:
central forward
NO. NAME VALUE ERROR NO. NAME VALUE ERROR
1Tau2s 1.08760e+00 1.18887e-01 1Tau2s 1.24623e+00 2.31165e-01
2 bkgTaul 2.95177e+00 2.16996e+00 2 bkgTaul 2.85691e-01 1.96788e-01
3 bkgTau2 1.61892e+00 2.61635e-01 3 bkgTau2 1.35254e+00 5.83599e-02
4 bkgTau3 3.43400e-01 1.26278e-02 4 bkgTau3 2.81121e-01 2.57449e-02
5c0 7.01507e+00 3.07095e-01 5c0 7.18031e-01 1.84893e+00
6cl -4.59626e-01 6.41679e-02 6cl 2.30015e-01 4.03340e-01
7c2 -2.46112e-01 1.50481e-02 7c2 -9.14389e-02 9.62876e-02
8 fittedTau 1.36427e+00 3.80151e-02 8 fittedTau 1.37404e+00 5.62603e-02
9 mMean 3.09193e+00 8.76738e-04 9 mMean 3.09065e+00 2.55961e-03
10 mSigma 4.33588e-02 7.64136e-04 10 mSigma 6.89297e-02 2.56097e-03
11n_2S 9.47638e-03 5.92398e+00 11n_2S 8.58729e-06 7.80382e+00
12n_np_2S 7.88114e+01 8.51577e+00 12n_np_2S 7.86031e+01 2.31638e+01
13 n_npj 1.28722e+03 2.58692e+01 13 n_npj 1.07496e+03 4.78669e+01
14 n_npj_bk 1.71394e+03 3.08782e+01 14 n_npj_bk 1.56718e+03 7.13539e+01
15 n_pj 2.56706e+02 1.41395e+01 15 n_pj 2.96412e+02 2.99329e+01
16 n_pj_bk 1.18506e+03 2.68243e+01 16 n_pj_bk 9.87735e+02 6.13279e+01
17 nonPromptRatio -5.51039e-02 2.34216e-01 17 nonPromptRatio -6.50222e-02 5.71885e-02
18 npcO -3.74208e-01 4.32556e-04 18 npc0 -3.67145e-01 1.29307e-02
19 npcl -7.26059e-03 1.18239e-04 19 npcl -3.72517e-03 4.34024e-03
20 npc2 9.73654e-03 3.24053e-05 20 npc2 8.18779e-03 9.85155e-04
21 promptRatio 3.57495e-01 1.78779e-02 21 promptRatio 3.86754e-01 6.21018e-02
22 tMean -3.73363e-03 2.39413e-03 22 tMean 6.08855e-03 6.85421e-03
23 tSigma 7.45019e-02 2.40505e-03 23 tSigma 9.25518e-02 6.86076e-03

* mMean and mSigma for J/Y mass are fixed and applied to the
data onthe followingslide:
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Di-muon Invariant Mass Jp Candidate Pseudo-Proper Time Backup: Signal Extraction
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Di-muon Invariant Mass

Jhp Candidate Pseudo-Proper Time
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Backup: Signal Extraction

Sample:
e J/P+W data

Fit parameters:

s 24<MMN<38

¢ M7V Floating

® Mbng/llJ 2O
pol
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Di-muon Invariant Mass

Jp Candidate Pseudo-Proper Time
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Backup: Signal Extraction

Sample:
e J/P+W data

Fit parameters:

s 24<MM<38
e MY Fixed

o Mbng/lb exp
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Backup:Backgrounds

Events /1 GeV

data/MC

Component variables of Wmt
These plots show the 3 variables used to
calculate Wmt.

m(W) = \/2pr () EFio(1 — cos(¢# — ¢7))

KL_pt, MET (met_reffinal) and Ad(p,v) MC all
show regions of more accurate modeling and

regions of poorer modeling of the data.
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Backup: Backgrounds

Background Removal, Associated J/ + W* : QCD/Mulitjet

ABCD + sPlot method

Ad(J/ Y, W)

| W_mt for prompt J/¥ |

-
o

Events / 0.26
o

i

0.5 1

> C :
Q .
O C |
N 11— B
3 [ B
e = -
2 08— 6 -1
w : - ——
0.6 W + prompt J/y, O<|y|<2.1 4- e
0.4 2:—
0.2 } 0__
o 4T — g
0 11 1

1l 11 L1l | L1 1 | | el e | ‘ | | | | ‘ 111 | L1 1
60 80 100 120 140 160 180 200 220 240
W transverse mass [GeV]

F

o T T

A¢(J/\|! W)

—,— 2012 data, Region D associated with prompt J/ events (using sPlot), # of events =25+ 11

J/U+ W sample fake factor=A/B =0.150+0.015
# of signal eventsinJ/{ + W sample =430+ 28

QCD fraction found with ABCD +sPlot method =D x A/B +signal = 0.8 +/-0.4%
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Associated J/LI) +WH Pileup and DPS Backup: Backgrounds

Cross section, J/ -> ppt Average number of extra Number of W candidates ininclusive
measurement G pileup vertices=2.3+ 0.2 W sample applied here: 5,213 x 10’ ﬂ
pileup background estimation prompt T
Biny x PT sig(Prompt Jpsi -> mu,mu)(nb) [n_extr_vert sg_ibin/sig_inel (107-8) |d2 sig / sig_bin dy PT (107-8)|<eff x Acc> |Expected Yield
+err -err +err -err +err -err +err -err
(0,1) x (8.5,10) 5,985 0,116 0,116 9,182 0,679 0,679| 3,061 0,226 0,226 0,23 1,101 0,081 0,081
(0,1) x (10,14) 4,585 0,092 0,092 7,035 0,522 0,522| 0,879 0,065 0,065 0,39 1,430 0,106 0,106
(0,1) x (14,18) 0,956 0,020 0,020 1,467 0,109 0,109| 0,183 0,014 0,014 0,53 0,405 0,030 0,030
(0,1) x (18,30) 0,434 0,008 0,008 0,665 0,049 0,049 0,028 0,002 0,002 0,65 0,225 0,017 0,017
(0,1) x (30,60) 0,050 0,001 0,001 0,077 0,006 0,006/ 0,0013 9,51E-05 0,000 0,73 0,029 0,002 0,002
(0,1) x (60,150) 0,002 0,000 0,000 0,004 0,000 0,000, 2E-05 1,83E-06 0,000 0,84 0,002 0,000 0,000
(1,2.1) x (8.5,10) 6,008 0,119 0,119 9,218 0,683 0,683 1,047 0,078 0,078 0,39 1,874 0,139 0,139
(1,2.1) x (10,14) 5,232 0,097 0,097 8,027 0,592 0,592 0,912 0,067 0,067 0,49 2,050 0,151 0,151
(1,2.1) x (14,18) 0,996 0,018 0,018 1,528 0,112 0,112| 0,174 0,013 0,013 0,63 0,502 0,037 0,037
(1,2.1) x (18,30) 0,425 0,006 0,006 0,652 0,048 0,048 0,025 0,002 0,002 0,73 0,248 0,018 0,018
(1,2.1) x (30,60) 0,043 0,001 0,001 0,067 0,005 0,005/ 0,001 7,44E-05 0,000 0,74 0,026 0,002 0,002
(1,2.1) x (60,150) 0,002 0,000 0,000 0,003 0,000 0,000 1E-05 1,19E-06 0,000 0,81 0,001 0,000 0,000
7894 0251 0,251 Pileu P
DPS estimation prompt
Biny x PT sig(Prompt Jpsi -> mu,mu)(nb) |n_extr_vert sg_ibin/sig_inel (107-8)|d"2 sig / sig_bin dy PT (107-8) |<eff x Acc>|Expected Jpsi+W Yield
+err -err +err -err +err -err +err -err
(0,1) x (8.5,10) 5,985 0,116 0,116/ 39,898 15,446 15,446 13,299 5,149 5,149 0,23 4,784 1,852 1,852
(0,1) x (10,14) 4,585 0,092 0,092 30,569 11,836 11,836 3,821 1,479 1,479 0,39 6,215 2,406 2,406
(0,1) x (14,18) 0,956 0,020 0,020 6,373 2,468 2,468 0,797 0,308 0,308 0,53 1,761 0,682 0,682
(0,1) x (18,30) 0,434 0,008 0,008 2,891 1,119 1,119 0,120 0,047 0,047 0,65 0,980 0,379 0,379
(0,1) x (30,60) 0,050 0,001 0,001 0,334 0,129 0,129 0,006 0,002 0,002 0,73 0,126 0,049 0,049
(0,1) x (60,150) 0,002 0,000 0,000 0,016 0,006 0,006 9,12E-05 3,55E-05 0,000 0,84 0,007 0,003 0,003
(1,2.1) x (8.5,10) 6,008 0,119 0,119 40,053 15,507 15,507 4,552 1,762 1,762 0,39 8,143 3,153 3,153
(1,2.1) x (10,14) 5,232 0,097 0,097| 34,881 13,503 13,503 3,964 1,534 1,534 0,49 8,910 3,449 3,449
(1,2.1) x (14,18) 0,996 0,018 0,018 6,640 2,570 2,570 0,755 0,292 0,292 0,63 2,181 0,844 0,844
(1,2.1) x (18,30) 0,425 0,006 0,006 2,833 1,096 1,096 0,107 0,042 0,042 0,73 1,078 0,417 0,417
(1,2.1) x (30,60) 0,043 0,001 0,001 0,290 0,112 0,112 0,004 0,002 0,002 0,74 0,112 0,043 0,043
(1,2.1) x (60,150) 0,002 0,000 0,000 0,012 0,005 0,005| 6,18E-05 2,4E-05 0,000 0,81 0,005 0,002 0,002 D P S
34,301 5,706 5,706
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Backup: Backgrounds

Background Removal: B%. decays
8 c decay Bf — J/y IFvX
* Asecond estimate was made using sPlot
* An additional parameter was added and given the value of:
B, lifetime ~0.46 N

* No evidence of any B,

;;200 C PromptSig_Frac = 0.50+0.00

S F Mean = 3.096916:0.000000 L e eround
S180- Sigma = 0.049992:0.002557 | \ ... Non Prompt Jiy EXT PARAMETER APPROXIMATE I?
- F 2ndf=10641 ] || - Non Prompt Background NO. NAME VALUE ERROR s1
o604 [0 romET EC Berigratns 1 bkgTaul 9.31903e-01 1.3684le-01 6.
s F 2 bkgTau2 2.99992e+00  4.28802e-01 6.
140 3 bkgTau3 3.66415e-01  3.52348e-02 2.
- 4 o0 5.30967e-01  5.69520e-01 5.
120 5 cl -7.42628e-02 7.12176e-01 1.
- 6 fittedTau 1.51776e+00 7.70119e-02 1.
100 7 mSigma 4.99922e-02 2.55734e-03 3.
- 8 [ n_Bc_bk 6.49114e-02 2.87519e+01 | 8.
80 9 n_npj 6.51138e+02  3.17902e+01 1.
- 10 n_npj_bk 5.12589e+02  3.57530e+01 1.
60— 11 n pj 4.46163e+02 2.78018e+01 1.
- 12 n_pj_bk 7.48952e+02  3.9081le+01 1.
40— 13 nonPromptRatio 6.39307e-01 6.84294e-02
- i 3 14 npco 6.20787e-01  3.96530e-02 1.
200 T ;{" 2 == 15 npcl -2.59586e-01 1.17902e-02 4.
_I sl by L 1‘L [ L.l.-1-[-l-:-:-l.\J“:L:i--l.;-r"'l'J'T‘{-r-l-J L 16 promptnatio 4.34640e-01 4.7885%e-02 :
86 27 28 29 3 31 32 33 34 3517 tMean 3.10916e-03  4.15477e-03 3.
J/¥(1S) Mass [GeV] 18 tSigma 8.69008e-02 4.25519%e-03 5.
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Backup: Backgrounds Testing No Z-veto Cut:

Number of Prompt Events Absolute With Z Veto Cut No ZVeto Cut % change

Rapidity

Data 0<|y|<2.1 487.5+52.1 489.4+52.5 0.4% (no change within
uncertainties)

Reconstructed MC O<|y|<2.1 12,689 12,704 0.1%

Note: Chapter 7.2

Z Veto Pre Cut

0.06

Background Removal: Z+jets

Data with J/+W selection
cuts

Prompt J/y+W Reconstructed MC Z ) /,L ILL

0.05

0.04

Data * Theinvariant massofthe W
muon and opposite sign
“I/P” muon is calculated.

* Ifit'sneartheZ mass (81-101
GeV), the event is cut.

L l....n et O | RO  EB oktoremove this cut.

0 20 40 60 80 100 120 140

0.03

0.02

0.01
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Backup: Backgrounds

Testing no z vertex cut Cut:

w zvtx plus

IIIIIIII IIIII|T|'| IIIII|T|'| IIIIIIII| TTTT

Reconstructed mc
signal before any
cuts (blue) and
afterall cuts are
applied (red)

-1
10_25

26/04/2016

u zvix plus

|||I1TI'| ||||I1TI] ||||I1TI] ||||I1TI] TTIm

Events in between:
10mm<z,,<20mm

10

107"

-25 -20

u zvix plus

All cuts other than
the z vertex<10
mm cut are
applied.

Shows that this
cut is ~100%
efficiept

|||I11I] ||||I11I] ||||I11I] ||||I11I] ma|

-15

-10 -5 0 5 10 15 20 25

Pileup Interactions:
~4 for<5mm cut
~8 for<10mm cut
~16 for <20 mm cut

The extra ~8 events seen in-between cuts of

10mm and 20 mm are accounted for by pileup

interactions

D. Bertsche

92



Backup: Backgrounds J/W->uu Cross Section Extrapolations

- 22 1 ndf 112476 | _ 5@ [ ndf 1.083/6
= Prob 0.9805 = Prob 0.9823
: L PO 0.4658 +0.02805 | 3 | PO 0.3792 = 0.02182
! Pl -0.03662 = 0.02213 1 ﬁ Pl -0.03199 = 0.01742
g | 12<y<12.5 s
s} o
12.5<y<13.0
10,1||||||||||||||||||||||||||||||||||||||||||||||
v v by by by by by b v b by by 1y 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 22
0 02 04 06 08 1 12 14 16 18 2 22 Iy y [Gev]
Iy y [GeV]
Z/ndf
_ 227 ndt 124476 T ﬁrog ! '21;7/02
= Prob 0.9747 = X
3 13<y<14 |w 0.2819 + 0.01522 = L PO 0-1949 = 0.009692
! Pl -0.02548 +0.01235 ! Pl -0.02123 + 0.007973
E =
== 2
14<y<15
10—
10—1|||||||||||||||||||||||||||||||||||||||||||||| i
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 coa b by b by by b b v byn v Py g By
Jhp y [GeV 0 02 04 06 08 1 12 14 16 18 2 22
Jhp y [GeV]
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Backup: Backgrounds J/W->uu Cross Section Extrapolations

= %2 I ndf 19.61/7
= 10 2/ ndf 6.866/6 | <= Prob 0.006469
S r Prob 0.3334 =S 85< y < 90 pO 2209 + 0.0217
ER Constant  1.131zx 0.05415 !

B I _ + z [
; i 8 < y < 8.5 Slope 0.08826 = 0.03861 s
T L

By SN BN IS IS IV VIS IS B A I B 1...I...I...I...I...I...I...I...I...I...I...I..

02 04 06 08 1 12 14 16 18 2 22 o 02 04 06 08 1 12 14 16 18 2 22
Jhyp y [GeV] Jhp y [GeV]
= %2 / ndf 20.42/6 = ¥2 / ndf 26.65/6
£ Prob 0.00233 = Prob 0.0001683
ES 9.0< y < 9.5 poO 1.87 + 0.07821 z Constant  0.4094 x 0.04241
i p1 —-0.09368 = 0.05541 i Slope  -0.06823 + 0.03052
s 3
© ©
1=
9.5<y<10
| | | | | | | | | | | v by b b b b b by by b v Py g Lo
10 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 0 02 04 06 08 ! 12 14 16 8 3/w y [ZGZGV]
Jhy y [GeV]
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Backup: Backgrounds

o(JAp — ) [nb]

o(JAp = ) [nb]

J/W->uu Cross Section Extrapolations

10<y<10.5

¥2 I ndf
Prob
pO0

2.335/7
0.939
1.072 = 0.03002

T

=

— .

g

#

0

0.2 04 06 08 1 1.2 1.4 1.6 1.8 2 2.2
Jhp y [GeV]
x? I ndf 0.7929 /6
Prob 0.9923
<y< .

- 11 y 11.5 po 0.7259 = 0.04789
N p1 -0.05239 = 0.03713
~ —

ol b b Lo b b Lo by b bua o 1
0.2 0.8 1.8 2 2.2
Jhp y [GeV]

o(Jhp — up) [nb]

o(Jhp = uw) [nb]

-

%2 I ndf 0.748 /6
Prob 0.9934
10-5<y <11 po 0.9135 + 0.06336
p1 -0.05984 + 0.04912
v b by b s by by by by b by by a1y
0.2 1.2 1.4 1.8 2 2.2
Jhp y [GeV]
%2/ ndf 0.8927 /6
Prob 0.9894
po 0.58 = 0.03668
11.5<y< 12 p1 -0.04423 = 0.02858
——
v b b b by by s by b by by by Ly
0.2 0.8 1.8 2 2.2

Jhp y [GeV]
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Backup: Backgrounds J/W->uu Cross Section Extrapolations

- %2/ ndf 1.263/6 = 2/ ndf 1.518/6
2 [=
£ Prob 0.9737 = <v<17 Prob 0.9583
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Backup: Backgrounds

J/W->uu Cross Section Extrapolations
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Backup: Backgrounds J/W->uu Cross Section Extrapolations

- %2 / ndf 1.835/6 1072 *? / ndf 2.097/6
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Backup: Backgrounds J/W->uu Cross Section Extrapolations

2/ ndf 45817
Prob 0.7111
p0  2.669e-10 = 4.388e-11

_.
i
&
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3
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}
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10710

ol Lo b L L by Lo b b L Ly 1
0 0.2 04 06 08 1 1.2 14 16 1.8 2 2.2
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* There is an online FONLL tool that can generate non-prompt J/ cross-sections for
any given y and pT: http://www.lpthe.jussieu.fr/~cacciari/fonll/fonliform.html
* It does not generate prompt J/ cross-sections, so it’s not useful for this analysis
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Backup: Backgrounds

Background Removal: Multi-jet

ABCD Method for multi-jet background determination
Multijet background can’t be determined from MC, so a data driven method is used.

Assumption is that this
ratio is constant:
D/B =C/A

Categories
A: MET < 20 GeV, MT(W) < 40 GeV, isolated muon

B: MET < 20 GeV, MT(W) < 40 GeV, anti-isolated muon
C: MET > 20 GeV, MT(W) > 40 GeV, isolated muon  (signal region)
D: MET > 20 GeV, MT(W) > 40 GeV, anti-isolated muon

Muon Isolation Criteria B =000 Eagtterll
P = Track isolation momentum in cone of AR < 0.3

E = Calorimeter isolation energy in cone of AR < 0.3 (E)(<)5pT selliee
E> anti-
0.05pT isolated
Method:
1. Subtract events in all other known MC modeled backgrounds from the data events in
each region

2. (Eventsin A)/(Eventsin B) = muon isolation fake factor
3. fakefactor x D = multi-jet background
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Backup:Backgrounds
Background Removal: Multi-jet (ABCD Method)

Example calculation for positive muons in inclusive W sample:
Adata: 3,228,350 — mc: 2,892,860 = 335,490 +/- 2470

A p+ A p+
x10° x10°
= . D data: 4,617,020 - mc: 947,983 = +/-2360
b - 4001~ s Emnzy;wsws D U+ D p+
[ N Mean 25.98
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asymmetry A/B_m: 0.181 +/-

0.001
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Backup:Backgrounds

Stack Plots for region A
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Backup:Backgrounds

Stack Plots for regions B
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Backup:Backgrounds

Stack Plots for region D
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Backup: Systematics

Associated J/ + W * : Systematic Uncertainty

Vertex separation

RequiringJ/ vertexto be within 10 mm of the W vertex might bias the
measurement of the yield.

We use the yield difference between the nominal cut of 10 mm and a cut of 20 mm
as a systematic.
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Backup: Results

7/ TeV Cross- Section Ratio Measurement
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Backup: Results
Theory Prediction Numbers

The theory numbers were refined based on a new acceptance calculation. Calculated by

applying our W cuts to PowhegPythia8 W - putv MC samples (with DSIDs 147801 &

147804) of 550,000 events each. Acceptance is defined as the number of events passing
cuts over the total number of events generated.

a+=0.460 a-=0.451

The new theory total o ratio numbers for SPS color-octet processes:

Set 1 Set 2 Measurement
LO NLO LO NLO Data +
0.708 3.67 1.27 4.26 80.10 19.57907

The units are x 107 GeV and the measured value estimated to come from SPS processes is
shown forcomparison
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Backup: Results

Inclusive Differential Measurement Details

Table 20: The inclusive (SPS+DPS) cross-section ratio dR*! . /dpt for prompt J/i. Estimated DPS contributions

W+J [y

for each bin, based on the assumptions made in this study, are presented.

1y | x pi? [GeV]

Inclusive prompt ratio [x10~7/ GeV]
value + (stat) + (syst) = (spin)

Estimated DPS [x10~7/ GeV]
assuming o = 15mb

(0, 1) x (8.5, 10) 13.0+ 3.2 + 1.1 +4.3 0.63+ 0.24

(0, 1) x (10, 14) 4.02+ 1.27 +1.42 + 1.07 0.30+ 0.12
(0,1) x (14, 18) 0.890 £ 0.426 + 0350 + 0189 0.084 + 0.033
(0, 1) x (18,30) 0.351 £ 0.141 + 0.038 + 0.066 0.016 + 0.006
(0, 1) x (30, 60) 0.0343 + 0.0321 +£0.0073 +0.0039 0.00081 + 0.00031
(0, 1) x (60, 150) 0.00886 + 0.00589 +0.00055 <+ 0.00049 0.00002 + 0.00001
(1,2.1) x (8.5,10) 10.67 = 3.02 + 1.89 +2.95 1.29 £ 0.55
(1,2.1) x (10, 14) 3.86 + 0.87 +0.50 +0.82 0.40+ 0.15
(1,2.1) x (14, 18) 1.35 £ 0.46 +0.08 +0.23 0.095 + 0.036
(1,2.1) x (18,30) 0.282 + 0.133 +£0.026 +0.036 0.016 + 0.006
(1,2.1) x (30, 60) 0.0408 + 0.0346 +0.0051 =+ 0.0035 0.00063 + 0.00024
(1,2.1) x (60, 150) 0.0019 + 0.0047 +0.0003 =+ 0.0001 0.0000096 + 0.0000037
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Backup: Results

Non-Prompt J/: Measurement Attempt

un-weighted 310 _
Sample yield =+ error 3 F +
Data 354 23 £ °F
MC: W—-ev 0 0 sl
MC: W-uy 4 3 -
xg: ;V_.)TV 200 106 40— W + non-prompt J/vy, O<|y|<2.]
: Z+jets : : -
MC: Single t 13 6.4 ol
MC: Diboson 7.70  0.07 - —— 1
MC: ¢£(105200) 299 3 of —
MC: #(117050) 217 20 202060 80" 700 120 740 760 180 200 - 220 240
MC: All backgrounds* | 337.1 0.3 W transverse mass [GeV]
MC: All backgrounds{ | 248 18

Not feasible due to large backgrounds, dominated by t. Furthermore the choice of MC generator
(105200*0or 117050t) gives very different results and would cause a large systematic uncertainty.
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Backup: Cross-Checks

Cutflow Efficiency Ratio
Note: Appendix D.3

W u_pt Pre-Cut

x10° h19 w Cut Flow Ratio
_ Entries 4533008 W
160— Pl Mean 41.71
C - - RMS 14.91 = 182
140— - . o -
F 2 £ L
120 - . .,5_) 3 B
s - Inclusive W S | Fsol
g - x> [  [Prob  1.306e-07 |
80— B - s |3 L
E - == L
60— -
- Q 31781
40— - o |Q -
E - 2 |© L
20— _ T E 3 -
= - B 3176 ‘
00 L ‘110‘ i ‘2}3 L ‘3‘0‘ L \4\0\ L ‘5‘0‘ L ‘6‘0‘ L \7\0\ 8‘0 ‘9‘0‘ i 1‘00 < -
GeV 1
W u_pt Pre-Cut . ‘
F e 174
r Entries 25993
L Mean 37.03 -
1200— RMS 10.11 -
1000}~ 1721
800:, . L1 | WI WI | | | | | | WI WI | -
! Associated )/ +W W g G S T e e S B T
600— ’ Ca"dl\dma’ch Re v egp eg0
- QAleg
400~
200l New cutflow ratio plot - Figure 26
Coovul x

ol b b Ly
30 40 50 60 70 80 90 100

=)
_F
o;
n
o

26/04/2016 D. Bertsche 111



Backup: Cross-Checks
W transverse mass [GeV]
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- W transverse mass shapes
o associated with prompt
04‘_ —t and non-prompt events
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Backup: Cross-Checks

Jhp Multiplicity Post JAp Muon Multiplicity

If more than one 103? Entriegzg o7 i Entrie:281757
)/, ormore | s | el T
than 3 muons I i
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then further : I
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Backup: Cross-Checks

After All Cuts

1077 /¢ + W* Candidates survive all cuts

s VTN
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Backup: Cross-Checks
Splot separates out prompt component for: W transverse mass and Ad(J/,W)
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Backup: Cross-Checks
W cuts Efficiency Check — Usingtruth MC

Nw 1/
R _ O'W-|—J/¢ _ LXGWXGJ/wXAJ/w _ 1 NW—i—J/?,D
T w7 T - Nw ey X Ay

The cross-section ratio calculation (above) depends on the efficiency of the W cuts being the same for
the J/Y+W and Inclusive W samples. A test (below) with MC truth info shows that the efficiency is the

same.
W Muon Cut Flow W Muon Cut Flow
x10°
900F L
i 100
800f- [
700 sol-
600 i
5005— _|—|_ 60— _|—|_
a00f [
- 40~
300 5
200f- -
: 20}
100 [
0: IWIWIM/IWIWIWIWIWIWIWI IW G- IM/IM/IWI IM/IWI IM/IWIWI IM/
JJb +W cutflow Inclusive W cutflow
last_bin/first_bin =495/912=0.543 last_bin/first_bin = (581/1070)*1075= 0.543
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Backup: Theory

The Hierarchy Problem

The Problem: ™MW = Mbare + Ay
Arny? ~ 3/(FT2) y2 A2 i cale of

hew physics
If A~ Plank scale:
m2 "Am2 x 107

Possible Solutions:
A) SM only low energy effective theory

te. \ <<« Plank
If A~ TeV: Am2 ~“0(m?2)

B) Add new particles (e.9. SUSY, top partners)

t/T

loo ps cancel

Alison Lister (UBC) 2015
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