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- LHC LHC -
Measurements access range of 10 §_ _§
X>4X1O'4 |_ l |||||||| l |||||||| Col ol ol ol |||||;
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General models of new physics SM Lagrangian extended by dimension 6 operators
They describe new physics appearing at scale m > s
* new EW vector bosons

* new EW fermions https://arxiv.org/abs/1609.08157

* EW compositeness...

Effective field theory (EFT) attempts to encapsulate this
For DY production 4 propagator form-factors introduced: 41

S, T,Y,W
e Y and W increase with Vs ol °
e S and T do not grow with Vs .
)=}
w0 ANY
LHC data can help constrain Y & W > j
2|
_4l
Current constraints based on neutral [ LEP |-II

current HMDY 8 TeV data —6_— CMS Vs = 8TeV 19.7fb""

I — -1
= Cannot yet compete with LEP | ATLAS Vs = 8TeV 20.3fb

—4 ~2 0 2
Wx 103
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https://arxiv.org/abs/1609.08157
https://arxiv.org/abs/1609.08157

Run-l Measurements from ATLAS

single, double and triple-differential cross sections

do d?o d’o
dmyy dmged|yes| dmeed|yee|d cos 6*

: On-shell DY 8 TeV
HIel) ESS DY & e Neutral current - e & y channels
Neutral current - e & y channels 46 < m < 200 GeV
116 <m < 1500 GeV : . .

Extended to high y with FCAL analysis
. . . . - .
publication: JHEP 08 (2016) 009 preliminary public plots

Expect arXiv submission ~ August

\o}
o

| | ! | | |
. ATLAS Preliminary \s=28TeV
~ [ LHC Delivered

[__] ATLAS Recorded
I Good for Physics

Complete 2012 data set analysed

N
o

[£dt=20.2 b

Total Delivered: 22.8 fo ™
Total Recorded: 21.3fb™

Centre of mass energy Vs = 8 TeV
Good for Physics: 20.3 fb

Total Integrated Luminosity [fb]
o

10 Previous measurement (arXiv:1305.4192) used
5 fb
5 Vs =7 TeV

electron channel only
This analysis increases precision by factor 3!

1/4 1/6 1/8 1/10 1/12
Day in 2012
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http://link.springer.com/article/10.1007/JHEP08(2016)009
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
http://arxiv.org/abs/arXiv:1305.4192

"High Mass Z/y/ Selection | .« (04 YWTLAL F NI W)
Muon Selection Electron Selection

e Good quality detector status (all sub-systems on) e Good quality detector status (all sub-systems on)

e muon trigger fired (matched to lepton) e electron trigger fired (matched to lepton)

e > 2 good quality muons e > 2 good quality “tight” electrons

e muon |n| < 2.4 e electron |n| < 2.47 excl. 1.37 <|n| < 1.52

e muon pt > 30 GeV e electron E1 > 30 GeV

e longitudinal impact parameter |[zo| < 10 mm e isolated electron ) Et(2R=04) < 0.022 x E1 + 5 GeV

e isolated muon ¥ pr(AR=0-2)/pH < 0.12 Et sum of calo energy within a cone size AR=0.4 is
pt sum of tracks within a cone size AR=0.2 is less less than 2% of electron E1 with Etscaled offset
than 12% of muon pr e one electron has pt > 40 GeV

e opposite charge * |Anee| < 3.5 to suppress multijet background

e one muon has prt > 40 GeV

Fiducial Cross Section Definition
lepton pt > 30 GeV & pTt > 40 GeV
lepton |n| < 2.5
116 < my; < 1500 GeV

Unfolding to Born level lepton kinematics
(dressed level available as a correction factor)

electron + muon cross sections combined
account for 35 correlated systematic uncertainties
improved result for both statistical & systematic precision

Eram Rizvi Collider Cross Talk, CERN - 13t July 2017 6
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116 200 300 400 1 1500 g .l e paiaty
000 15 N ——
m, [GeV] Foesf  wemees
.(E L 1
S 1r — MMHT204 T=mmmm o]
=
e Theory = NNLO pQCD ® NLO EW + PI 8 1
— - - - ARMAD e
« data precision better than theory uncertainty D9 < HERAFDFZ0 == CTi4 =“ABMI2 =“NPORSO
over most of the phase space 116 200 300
— measurements can constrain theory
« theory generally in agreement with data m,, [GeV]

 Measurement accuracy systematically limited tor

m < 400 GeV At low m observe large spread of

predictions from different PDFs compared
to experimental accuracy

= large potential to constrain PDFs
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. Performance Considerations’ i | %5 \‘QSI

. ’ ) Iy : -
’ 5 \ /G Y L
\ , - = E - : .
_ g : i )
- 3 ) . N R { & :

2
L\ £ I './

8 TeV cross sections for e & u channels at m=400 GeV
Run-II statistical error will be ~ factor 3 smaller

Muon channel

Mue Yl T S o | ot oo oM oD ol ohe o odboon g smt omult MO | Kgressed
[GeV] [pb/GeV] (%] (%] (%] | [%] [%] (%] (%] [%] (%] [%] (%] (%] (%] [%] [%]

300-500 0.0-04[3.72x10+ 40 29 49]-01 -06 0.2 0.1 -02 -02 -22 -0.8 0.7 -05 .2 027 1.036
300-500 04-08|3.28x10* 41 25 48]-01 -0.6 -02  -0.1 -03 -0.2 -19 -0.7 0.8 -04 0.7 02 ] 1.036
300-500 0.8—1.2[3.09x10* 40 1.6 42]-01 -0.6 01 -0.1 -03 -02 -1.1 -0.5 0.6 -0.1 02 02| 1.034
300-500 1.2-1.6 [251x10* 41 1.1 42]-01 -0.6 0.0 0.1 -03 -02 -0.5 -0.3 0.5 -0.1 00 03] 1.035
300-500 1.6-2.0[129x10* 57 12 58]-01 -0.8 -02  -01 -03 -02 -02 -0.3 0.6 0.0 0.0 04| 1.040
300-500 2.0-2.4(393x10° 112 19 114]-01 -1.0 -03 -0 -05 -02 -0.1 -0.1 0.7 0.0 00 13| 1.037

— N N

Muon trigger uncertainty Muon reco uncertainty  Top +diboson b/g: MC signal stats
required effort to could be reduced dilepton filtered not a problem
reduce to 0.1% in future mass-binned samples
(was dominant sys) needed
Electron channel m
Mee  IYeel T OOV | Ot Gu O O, O O o OB omit omt SR SEeh SR OMC | Kdessed
[GeV] [pb/GeV]  [%] [%] [%] | [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] (%] [%]

300-500 0.0-04 | 323x10™* 46 33 57[-01 02 -02 -08 -0.1 04 0.1 09 -1.8 06 -22 -0.8 0.8 03| 1.080
300-500 0.4-0.8 | 3.34x10* 43 28 51|-01 02 -02 -08 -0.1 04 0.1 14 -1.1 0.6 -1.6 -0.7 0.7 03] 1.072
300-500 0.8-1.2 | 3.16 x10™* 43 28 52|-01 02 -02 -08 -01 04 02 20 -09 05 -1.1 -0.6 0.7 03] 1.058
300-500 1.2-1.6 | 230x10™* 49 29 57|-01 02 -02 -08 -01 04 0.1 20 -1.6 0.5 -0.6 -0.4 0.6 04| 1.053
300-500 1.6-2.0 | 1.31x10* 65 32 73|-01 02 -04 -09 -02 04 02 28 03 04 -0.2 -0.2 0.5 0.6| 1.047
300-500 2.0-2.4 | 3.62x10™ 115 35 120|-01 02 -06 -1.0 -02 04 04 25 -13 1.0 0.0 -0.1 0.8 09| 1.046

Energy scale - dominant systematic —
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2) = : :
pure y* P, = ele (1 + cos2 * ) fqa(x, Q%) = parton density functions

2 2
2’"55(’"% —mz)

interference Z/y* + ejeq— [vevy (1 + cos” %) + 2apa, cos 0" |

sin® Oy cos? Ow [(m2, — m%)? + Tam?]

zMz
m,
2, 2v,2 2 2 o «
pure Z +— y > i [(ap +vy)(ay +v ) (1 +cos” 07) + 8arveayvy cos 0 |
sin” Oy cos* Ow [(m5, — m3)= + 1 m7 |

0.3

forward = cos 6* >0 Asymmetry

backward = cos 0* <
0.15¢}

3 * 43 *
Arg d°o(cos 0* > 0) — d°o(cos 8" < 0)

d3o(cos 0* > 0) + d3c(cos 6* < 0)

Afpp =

0.0

Sensitive to sinZ? By

015 . ' ' ' ' ' mi / GeV
60 80 100 120 140 160 180 200
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.. Triple Differential Z fy"'Measurement Motiva W \‘QSI

: 3 N ; i ) . Mo
N : L = ) - 5 if V24 . ' I, CE——

ATLAS, e CC | ATLAS O "
ATLAS, e CF | O3
. . ATLAS, u G—
2 B o
Previous measurement of sin? By ATLAS combined .
JHEPQ09(2015)049 CMS o —
5 fb- DO | -
Vs =7 TeV CDF | ——
LEP, A2? o
ep A% [ o
SLD’ ALR B FO* i
LEP+SLC | [s=7Tev, 481" |
PDG Fit | | B |
0.225 0.23 0.235
sine.r
CC electrons | CF electrons | Muons | Combined
Uncertainty source [10_4] [10_4] [10_4] [10_4]
ATLAS measurement of sin28w PDF 10 10 9 9
limited by PDF uncertainty MC statistics 5 9 5 9
Electron energy scale 4 § - 3
Electron energy resolution 4 5 — 2
Muon energy scale — — 5 2
Higher-order corrections 3 1 3 2
Other sources 1 2 2
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https://link.springer.com/article/10.1007/JHEP09(2015)049

~Triple Differential Z fy"

a
N

y spectrum shapes

changes dramatically for
my 1= mz

different Z and y” couplings

cos 0* spectrum has
sensitivity to gluon PDF
via gq terms

Eram Rizvi
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Trlple leferentlal Z/,y fon < W, YRESE \‘QS,
Muon Selection Central Electron Selection

e Good quality detector status (all sub-systems on) » Good quality detector status (all sub-systems on)

e muon trigger fired (matched to lepton) e electron trigger fired (matched to lepton)

e > 2 good quality muons e > 2 good quality “medium” electrons

e muon |n| < 2.4 e electron |n| < 2.4 excl. 1.37 <|n| < 1.52

e muon pt > 20 GeV e electron E1 > 20 GeV

e longitudinal impact parameter |[zo| < 10 mm

e isolated muon  pt,;2R=02)/ptH < 0.12
pTt sum of tracks within a cone size AR=0.2 is less
than 12% of muon pr

« opposite charge Fiducial Cross Section Definition

lepton pt > 20 GeV
lepton |n| < 2.5
46 < m; < 200 GeV

Unfolding to Born level lepton kinematics
(dressed level available as a correction factor)

High Rapidity Electron Selection
e Good quality detector status (all sub-systems on)

e electron trigger fired (matched to lepton) Fiducial Cross Section Definition

e 1 good quality “tight” central electron lepton pr > 25 GeV & lepton |n| < 2.5
e electron |n| < 2.47 excl. 1.37 <|n| < 1.52 lepton pr > 25 GeV & lepton 2.5 < |n| < 4.9

66 < m; <150 GeV
* electron Er > 25 GeV Unfolding to Born level lepton kinematics
e 1 good quality “tight” forward electron (dressed level available as a correction factor)
e electron 2.5<|n| <4.9 excl. 3.0<|n| <3.4

e electron ET > 20 GeV
Eram Rizvi Collider Cross Talk, CERN - 13t July 2017 13
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. Triple Differential Z fy" Binning
s SR e . .

Central Rapidity Channel
my = [46, 66, 80, 91, 102, 116, 150, 200] GeV 7 bins
lyi| = [0.0,0.2,0.4,0.6,0.8,1.0,1.2,14, 1.6, 1.8, 2.0, 2.2, 2.4] 12 bins
cos 0°= [-1.0,-0.7,-0.4,0.0,0.4, 0.7, 1.0] 6 bins
Total bins = o504
X 2 channels
measure in electron + muon channels
check for consistency of channels
combine both measurements
account for ~200 correlated systematic errors Binning choice optimised for
improved result for both statistical & systematic precision control experimental bin migrations

statistical precision
physics sensitivity

High Rapidity Channel

my = [66, 80, 91, 102, 116, 150] GeV 5 bins
lyi| = [1.2,1.6,2.0, 2.4, 2.8, 3.6] 6 bins
cos 8°'= [-1.0, -0.7, -0.4, 0.0, 0.4, 0.7, 1.0] 6 bins

Total bins = 150

Eram Rizvi Collider Cross Talk, CERN - 13t July 2017 14
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Simulation describes data well
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.Performance Considerations’

o

» "‘ ./;\

Already good precision achieved for run-Il !
Need to ensure phase-space corners are well covered e.g.
boosted Zs access high pT lepton efficiencies
For run-I lepton pT ~ 200 GeV
For run-Il we should reach lepton pT ~ 400 GeV
Electron Channel Muon Channel High Rapidity Electron Channel
Energy scale dominates error at In peak region at m~mz Energy scale / resolution dominates
large |cos 8| — ~3% momentum scale dominates sys error at large |cos 0% & y
error — ~0.6% — ~5% compared to ~3% stat error
efficiency error also large at at compared to 0.8% stat error
large cos 6* (even at small |y|)
— ~2-3% Tracking misalignments ~ 1.7% cf
stat error 2% at small cos 6* or
large y

Combination of channels constrains correlated systematic uncertainties

l

Improved precision for combined central channels

Eram Rizvi Collider Cross Talk, CERN - 13t July 2017 16
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d3o Central rapidity electron & muon combined result
Large forward-backward asymmetry at low mass, decreasing to ~zero at m; ~ mz

dmeed|yeeld cos 67 . o
Upper plots: shaded regions highlight equal |[cos 67|

46 <m < 66 GeV 66 <m < 80 GeV 80 <m <91 GeV
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. Triple-differential Z /y" Cross Sections Vs = 8#Fey | 5%5 W

»
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Data precision reaches ~0.5% for mi ~ mz [m=150-200 GeV bin shown in back-up]

Good agreement with Powheg based predictions incl. NNLO/NLO k-factor (and Z polarisation correction)
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High y region has greatest sensitivity to sin?06w and PDFs
High y analysis shows much larger asymmetry
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. Forward-Backward Asymmetry = 7 \‘QSI
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High rapidity channel

For Ars measurements uncorrelated sources dominate:
data stats are factor 2 larger than MC stat / multijet unc / bg MC stats
correlated sources ~ factor 10 smaller
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* actual schedule slipped by 1 year
e.g. LS3 starts 2023

Large increases in intensity
Requires significant changes to LHC magnets
Higher intensity means faster degradation of experiments
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Year End
LS = Long Shutdown for repairs and upgrades
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Three measurement regimes: Q (GGV)
Muy < Mz — low muon pt/ low x partons

myu = Mz — ultra-high precision

Muy > Mz — high muon pt / new physics / high x partons

e At large Q o(W*) > o(W") >= o(y*)
by ~ factor 2

* Run-Il total JL~120 fb™’
e Lumi ~ 4-5 times larger than Run-|

* Factor >2 larger cross section at 13 TeV
= order of magnitude more data

High mass DY reaches high x region
Factor 5 higher x than on-shell Z at 8 TeV

At M=300-500 can achieve ~ 2% precision
for |y| <1
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Stringent constraints on Y & W from LEP
100 fb-! of NC data Z/y" — I*I- reaches LEP precision
20 fb-1 of CC data W — Iv surpasses LEP by factor 4! https://arxiv.org/abs/1609.08157
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cos 6* i
yi S }
mi| "% 0 i
— triple differential cross sections > : i
: * .“xl‘
—5_‘ L i
Started analysis of high mass DY cross sections o
in run-Il @ Vs=13 TeV j 5 |
—10+ LEP |-l ; i _
Simultaneous measurement in NC & CC channels [ pp-~>/T1" : a
_ pp->lv i i
_15_|... P T .|£. ..:L o T
-15 -10 -5 0 ) 10 15
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Run I preC|S|on measurements galned exceIIent knowledge of ATLAS detector and performance
Improved our calibration methods

Will allow us to improve detector modelling

Now have experience of highly differential measurements with leptonic decay angles

Extend measurement using FCAL to high |y|

Aim to now extend the precision region at higher m - Muon tracking misalignment uncertainties
Measure lepton decay angle also at high m affects single-charge measurements i.e. W* and W~
pTM VS My - Much better treatment planned for run2 analyses
10° , T — T 3 107
1 =10
4 —=10° Questions:
1 4,0 Neutral current channel
4 3 - exclude PI contribution?
10°

- which angular variables?
10 - measure Arg at high m?

10 - can we constrain W better with new 3D data?

generated lepton pr ./ GeV

—
o
)

10"

Charged current channel

|
"
-

B - _ o is ratio of W+/W- useful?
Lk JAr- |arge migrations |l '°° - measure lepton charge asymmetry vs n
e S L ! L1 10¢ - measure mT for increasing lepton pr
10 10 generated mr/ GeV  control migration = wide mT bins

Missing Et resolution is largest problem in W* channels

Large migrations off-peak

Good correlation of lepton pr with mr

Better resolution for lepton — measure mT for increasing lepton pr cut
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Process Generator Parton shower Generator PDF  Model parameters (“Tune”)
Drell-Yan | POWHEG PYTHIA 8.162 CT10 AU2 [67]
Drell-Yan | MC@NLO 4.09 HEerwWIG++ 2.6.3 CT10 UE-EE-3 [39]
Pl PyTHIA 8.170 PyTHIA 8.170 MRST2004ged  4C [68]
tt POWHEG PYTHIA 6.427.2 CT10 AUET2 [69]
tt MC@QNLO 4.06 HERWIG 6.520 CT10 AUET2
Wit MC@QNLO 4.06 HERWIG 6.520 CT10 AUET?2
Diboson HERWIG 6.520 HERWIG 6.520 CTEQ6L1 AUET?2

Drell—Yan signal simulated at NLO in matrix element with PS
cross section is scaled to mass dependent NNLO calculation (FEWZ)
includes final state photon emission (photos)
(for cross checks MC@NLO is also used)
25 — 1000 x data statistics simulated

Photon Induced cross section available at LO only in pythia
20 — 6000 x data statistics simulated

Top production simulated at NLO and renormalised to NNLO+NNLL prediction
5 x data luminosity

Diboson production channels simulated at LO with herwig
40 — 50,000 x data statistics simulated
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Several sources of so called “electroweak” backgrounds yielding isolated dileptons:

DY — tau production modes found to be negligible contribution

top background
up to 9% contribution top background \,JJJV
estimated from MC
validated with ep dilepton selection
validated with two MC generators \
t g
diboson background
up to 2% contribution
estimated from MC _
q 74
| W+ I
/
ql W— q Z
diboson (WW) diboson (WZ2) diboson (Z2)
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multijet background
multijet production dominates cross section at LHC

Also large W+jets cross section
contributes to background via:
- leptonic meson decays
- misidentification of hadron jet as calorimeter electron

soft leptons produced typically
contributing processes involve complex hadronisation simulation

= use data to estimate this background

muon channel electron channel
use same sign dimuons as proxy for mulitjet b/g use matrix method:
Nt/ NL — “tight” / “loose” identified electrons
dimuon pairs Nr/ NF — “real” / “fake” electrons
A C dielectron pairs
isolated non-isolated Nt rir rfa Jir2 fifa NRr
OppOSite Sign opposite Sign NA NC Nrp _ ri(l —rp) ri(l-r) fid =r) fid = 1) Ngp
= Nir (1 =rpr (1-rf2 (1= for (1 -1 Nrr
B D Ng Np ) la-ma-m a-ma-p a-ma-r a-pa-m\Ner
isolated non-isolated Depends on:
same sign same sign f = fake rate probability (estimated from dijet data)

assume ratio of same sign to opp sign pairs is r = real electron efficiency (estimated from MC)

same in isolated and in non-isolated region ~4% contribution in electron channel
<1% contribution in muon channel
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Simulation provides good description of electron data to better than 5%

Ne

PTe

Eram Rizvi
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121 Mg > 116 GeV Bt & Wit =
10 - B Multijet & W+Jets 7
C [ Diboson ]
8 [ Photon induced
- 0.9 -
6F =
4F E
2 |
O - T T | T T T T | T T T T | T T T T | T T T T | T T .
1.2 o
11 2020004000 0000000099000000000,000,040° cotete®e,,
0.8 - 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
-2 -1 0 1 2
ne
5 LI LI | LI | LI | LI | LI | LI LI
10 ATLAS e Data
. (s=8Tev,203f0"  [JZi*
10 Mee > 116 GeV B tt & Wt
[ Multijet & W+Jets
103 [] Diboson

[ Photon induced

T EREARR T ARCARR AT ARRRRRTTT IRCARTITT I

10°
10
1 1 1 1 1 1 1 1 1 4:;
1.5— LI I LI I T T T 7T I T T T 7T I T I_"_Ill I I.‘.J T T I-o.l LI U I T T TTTH
1%-~W—+—+—+ *
++ + T
0-5— 11 1 I | I I | I 11 1 I"‘I L1 1 1 I+-I+I | | I 1 I|I-0-"-I L1 1 1 11 1|

100 200 300 400 500 600 700 800

E [GeV]

Entries

Data/Exp.

Entries

Data/Exp.

m > 300 GeV

><1'0?| L L L L L I T

1.2 ATLAS e Data
Vs=8Tev,203f"  [JZn*
1 Mee > 300 GeV 0 it & Wt
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Simulation provides good description of muon data to better than 5%

Nu

. m > 116 GeV . m > 300 GeV
0 18?10' T U A B A I ] 0 ido T T N B
2 16 ATLAS * Data 3 2 12p ATLAS « Data g
S qab Vs=8TeV,203f"  [JZ* E & C Vs=8Tev,203f"  [JZnv* ]
g My, > 116 GeV £ & Wt ] - My, > 300 GeV & Wt 7
12F [] Diboson — L [] Diboson ]
10E [ Multijet & W+Jets 3 0.8 @ Multijet & W+Jets ]
85 @ Photon induced 3 06:— @ Photon induced -
Nu 6F E 0.4F
4F E C
; 0- T T T T T : 0_"'I""I""I""I""I"'
512 S 1.2} _
S 1 2%00000000000000,00 000t 0000000ettottncat tnnge? u B S aran = =i s e "'+'|
© ©
% 08 | L | | g O08f . e
0o -2 -1 0 1 2 o -2 -1 0 1 2
" "
0 L L B B LN T 0 U L L L B L B B AL BLRLILE
£ 10° ATLAS o Data 9 £ 10 ATLAS o Data i
e Vs=8Tev,2031"  [JZ* ] & Vs=8TeV,203f"  [JZn* E
10* m,, > 116 GeV EgiﬁoV:;n 3 107 m,,, > 300 GeV EgiioV;’;n ]
10° @ Multijet & W+Jets @ Multijet & W+Jets
@8 Photon induced 3 2 @8 Photon induced _|
PT.u 102 ] 10 = Pt
: 10 '
10
E 4 E
1 1 L1 1 1 1 ‘I_?_*_‘ Ll
o) 15||||0||||| 3 1.5F T T T
% 1L aaaas ad o220 o |++_+. +1 | 1 )| % 1 "FF‘ Lt 2o as o 4 |#++ l_"-n-
-'(_U‘ 0.5—| 11 I 11 1 | I 11 1 1 I 11 1 1 I 11 11 I 1 I-"-I 1 I I T 11 1 1+ 4(_6' 0.5 '-I-‘.- I-"- 1 -‘.-
0o 100 200 300 400 500 600 700 800 o 100 200 300 400 500 600 700 800
p" [GeV] p" [GeV]

= can use MC simulation to unfold for detector resolution to Born level kinematics
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Cross Section d"o — Ndata kag 1
dmye d|yes)| Cby Lint

Cpoy unfolds detector resolution effects (from DY+PI signal MC)
Bin purities typically =2 85% (and = 75% everywhere)

Cpoy includes small extrapolations to reach common fiducial phase space:

e muon: [n| <24 —|n|<2.5
e electron: |[n| <2.47 excl. 1.37 <|n| <1.52 —|n| < 2.5

e electron: |Anee| < 3.5 — |Anee| < o (for dmd|y| cross section only)

AV 2A|W| « bin widths

Combinati Combine electron & muon channel measurements in averaging procedure
LO0MBOINAUON  \jinimise difference between measurements

Taking correlated uncertainties into account

i data points
j systematic error sources

[t —mt(1 _Zj ’Y;'bj)P 9
X3, (m, b) — - — + b
! t Z 57,23tatlu‘zmz<]‘ o Z] fyjb]) _|_ (5i,uncmz)2 ; J

bin-to-bin correlated error sources j = 35 including

(' = measurement
* lepton trigger, ID, isolation efficiencies m' = averaged value
* lepton scale and resolution uncertainties y'; = correlated sys uncertainty on point i from error source j
» background contributions b =
; = systematic error source strength

* etc.... . g :

nuisance parameter left free in fit but constrained

no extra degrees of freedom due to additional constraint

Eram Rizvi
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Eram Rizvi

- ¥ - Muon channel

3
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Cross sections are measured with 1% precision
at low m (each channel)

Measurement accuracy systematically limited for
m <400 GeV

Bin-to-bin correlated systematics can be further
constrained by combining channels

For larger m combination reduces VN statistical
error

Stat error dominates at large m reaching ~20%

Excellent agreement between channels
over full range

xndf=14.2/12=1.19

all nuisance parameters < 1 standard deviation
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combination y?/ndf = 59.3 /47 = 1.26
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