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Overview

* Introduction to the LHC, ATLAS, and CMS
* Details on systematic uncertainties at the LHC

— Electron and muon momentum scales
— Photon momentum scales

— Theoretical inputs

e Future prospects (from Snowmass 2013)

— Including comparisons of LHC and linear colliders
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The LHC
* The LHCis a 27 km long circular pp collider

— Also capable of PbPb and Pbp collisions
 Located at CERN, Geneva, on the Franco SWISS
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Beam conditions at the LHC

CMS Integrated Luminosity, pp

* The beam conditions of the LHC
are shown in the table below

* The high luminosity at the LHC
comes at the cost of multiple
interactions per bunch crossing - g

— Known as pileup, <u>

sity (fb 1)

Total Integrated Lumino
[ =

T R R AN AR AR AR RN RS

Beam energy (TeV) 7 35 4 6.5

Particles per bunch (10'1) 1.15 1.5 1.6-1.7 1.15 .g% :‘2‘2: = = - 7TVILdt 521", > = 0.1 §
Number of bunches 2808 1380 1374 2590 § 100;
Bunch spacing (ns) 25 50 25 25 % 22:
Interactions per crossing, <p>  ~20 ~6-11 ~40 ~50 ’ :2: ]
Peak luminosity (1034 cm2s!) 1.0 0.36 0.77 1.7 %50 15 20 25 w0 s a0 d

Mean Number of Interactions per Crossing
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The ATLAS detector
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Tile calorimeters
LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet
Semiconductor tracker

Transition radiation fracker
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The CMS detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m
Overalllength ~ :28.7m
Magnetic field :3.8T

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Scalar boson search at the LHC

* At the LHC things events are “messy”

* There are four main production modes:

g t 10°
—---H E’-
- —_—
8 ¢ % 10
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gluon gluon fusion o
T 1
; 10
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----H 102

tt associated
production
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WZ associated production
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Scalar boson search at the LHC

* The mass measurements at the LHC are _[inae A E
dominated by two fine resolution final [ r-z-« = o
. C o o [ seckground zujets, .
States. % o5 ;_\E:STEV:ILdt:ZO.Sfb W) vsomatcncarainy _;
— H>ZZ* I -
— H>vyy N
 These measurements have motivated = [ ,
dedicated studies of lepton, photon a2
energy Scales 080 90 100 110 120 130 140 150 160 170
* Despite having higher branching MED p—

fractions, H2>bb, H>tt, H> WW* all
have poor mass resolution

 H>Zy, Z->uu are too rare for
observation using LHC Run 1 data

 Scalar boson lineshape is not accessible
using only on-shell measurements

110 115 120 125 130 135 140 145 150

m,, (GeV)

B 110

T

0.5 ,=124.70+ 0.34 GeV

S/(S+B) weighted events / GeV
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H=>77* at the LHC
o H>Z7*->Illl is the “golden w|ATAS e .

- Signal (m, = 124.5 GeV p = 1.66) N
r Ho>ZZ* - 4] |:| " ]
- . Background ZZ* —

30 ¢ E=7Tev:ILdt=4.5 o - ]

I I l O e C - Background Z+jets, tt ]

L Vs=8T V:J‘Ld =203 .
25 - S ¢ ' % Systematic uncertainty ]

— Very fine mass resolution

Events /2.5 GeV

— Very low backgrounds
— Low signal statistics

0
— Use Z=>1l (and/or Z=>1lll ) as a oo
standard candle e

- '« Data
[m,=126 GeV

Events / 3 GeV
S o 8 &
T T LU T | T

—_
[$))
TTT T

10F

ATLAS 124.5 0.52 0.06
CMS 125.6 0.4 0.2 r

oy ggpigy! |- - ]
80 100 200 300 400 600 800
m,, (GeV)
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Lepton systematic uncertainties

* Lepton reconstruction must be well understood in
terms of momentum scale and resolution

e To understand the momentum scale narrow
resonances are used:

—JIY =2 ee/ uu
—Y(nS) 2 ee/ uu
—Z 2> eeluu

— These decays allow the validation over a wide range of
transverse momentum, pr, and pseudorapidity, 7
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Muon calibration at ATLAS

* Momentum scales of muons in o . 1005

. . 2 o aias e
simulation are corrected to match LooE Ty Daa2or2 e Tey oy E
sz 1. = CB muons v Jhy — uu 3

data at the Z=>uu and £ 1 o0k E

J/p=> uu peaks, binned in 7 and p; HO0Tl ) 4

* Muons are split into categories 0.999F :
. 0.998F —
depending on the detector oE E
subsystems used: T S (E R TS E
— Inner detector (ID) P 'f%h' | 'dlzll N
of the leading muon

* Momentum scale uncertainties 0.02% ! °
(|77|=O)—02% (|1’]|>2), o - 1.005——— : ——— 1
<0.1% overall E 1.004f ATLAS ©Z—un E
EE\ E_ CB muons l<2.5 oY — un _E
— Muon systems (MS) el VR e
* Momentum scale uncertainties < 0.2% 1.001= | =
everyWhere 1?&’—% + -
— Combined ID and MS (CB) e E
* Momentum scale uncertainties 0.04% 0.997F Data 2012, V5=8 TeV E
(barrel) —0.2% (Inl > 2) 0.996F [L=2031" =
0.995F—+— : e S

10 10

<p.> [GeV]
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Muon calibration at CMS

CcM Vs=8TeV,L=19.7 0"

0207 X!N{X!XX{N!X!‘X!X![KK!X{X!X!‘XX! 7]

* Muons are calibrated by: orsl +:i voszs
1. Momentum scale and resolution 25010 V rmoeas

¢ Jw, Il 0.8-1.2 ]

MC
) | Og

-0

. « 0.05¢ JW, Il 1.6-2.0
measurements are made using a Bool . “
reference model of the Z lineshape oo T 17 7
convolved with a Gaussian 010 %

-0.15F h

2. Biases are determined according to 0205 sl ORI L ]

0 10 20 30 40 50 60 70

shifts in the Z peak position Muon p (GeV)

. © 0.004F mfﬁ?ﬂ?":%?f?-?ft’l

 Events are fitted to & 0003
Z,JIp, Y(nS) peaks, averaging g oo

% 0.001F o, £

over 7 and p; g e =TS

. . . §;‘§ _0_001; Bifa s +¢ z In|0-0-2-4é

* Systematic uncertainties: EX Ty ot
— Peak position: 0.1% (eeuu, uppp) oo i nos1

— i : 000459620 30 40 On60 0
Peak width: 5% MuonSpT (Gev7)
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Muon reconstruction uncertainties

* Typical momentum scale uncertainties are of the
order ~0.1% per muon

* Momentum scale uncertainties are determined
using the whole of the LHC Run 1 datasets

— Statistics limited, ~10M events per resonance

Momentum scale uncertainty = 0.04%-0.2% 0.1% in 4u final state
mass scale
n(Z=>uu) events 9M (corrections to MC) 14M (Corrections to MC,
validation of MC)
n(J/yp=>uu) events 17M (corrections to MC) 27M (validation of MC)
n(Y=> uu) events 5M (validation of MC) 15M (validation of MC)
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Electron calibration at ATLAS

* Electron candidates are calibrated first using a Jomil tomaons | L
multivariate discriminant using simulated (MC)
events e E

— Material budget is taken into account by measuring o ;
contributions to first and second Ecal layers 0015 gris T, [’

* Uniformity corrections are applied to take variations =~ *% @ % @ @ s w T w o
wrt ¢, time and pileup in the detector into account s ety

. . . . . . 20_015? Electrons, 0.60<n|<1.37 Sz et ,;

* Longitudinal scale variations taken into account in ok
data R S— E

* MC and data samples compared to obtain MC based %
Callbrathn '0-015;ATLAS V=8 TeV, J.Ldt 20.3 o' :

« Z—2>ee peak used to correct energy scale in data e E"L;T

« Z->ee peak used to smear E; in MC F o oo 1emerss oo

 Calibrated electrons validated against J/y—=2Il, Z=>1lly ‘% |
samples O AR .
E~11 GeV 0.04% 0.2% 0.05% e B! o |

E; [GeV]
E~40 GeV 0.4-1% 1.1% 0.4%
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Electron calibration at CMS

* Electrons are calibrated in 3 steps: N T

1. Momentum scale corrections from Z mass 5212 $2 wooas |
difference between data and simulation o sk
 Time dependence is implicit to account for PN SUENDSS Se e S S

transparency loss in crystals 005 A

2. The ppdependence is taken into account 010;

using linearity corrections e
o« J > eeand Y(nS) > ee are used to D v

Electron categories

validate the p; <20 GeV region

. . CMS Vs=8TeV,L=19.7 fb"
3. Energies of single electrons smeared e
with a Gaussian factor ~ G(1,A0) £ 0005 1

. — 0.002]- =

 Events are then categorised s b ;
. : £ 0.001F S A

according to p;and 7 and fitted to N T & %W::{ﬁ ]

ZI J/wl )/(ns) peaks §E§ -0_001; — f %z, mo0.0-08 —

e Systematic uncertainties: ~ 0.002f L
e -0.003[ ® Y, mo0015

—  Peak position: 0.1% (eeuu), 0.3% (eeee) 0008 hh e

— Peak width: 1.2-4% 000457020 30 40 50 60 70

Electron p; (GeV)
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Electron reconstruction uncertainties

* Typical energy scale uncertainties are of the order
<0.5% per electron

* Energy scale uncertainties are determined using the
whole of the LHC Run 1 datasets

— Statistics limited

Momentum scale uncertainty >  E; ~ 40 GeV: 0.03-0.05% 0.3% in 4e final state

mass scale E;~10 GeV: 04-2% 0.1% in 2e2u final state
n(Z->ee) events 6.6M (corrections to MC) 10M (Corrections to MC,
validation of MC)
n(J/y->ee) events 0.3M (corrections to MC) 5k (validation of MC)
n(Z->eey) events 0.2M (validation of MC)
n(Y>ee) events 25k (validation of MC)
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H—->Z77%* per event uncertainties

* For H2>ZZ* there are so few signal events that the
mass variations between events are significant

* By taking per-event mass uncertainties the mass
resolution can be improved

* Per event uncertainties help constrain the scalar boson
width in the H=>ZZ* channel

 Both ATLAS and CMS use per event uncertainties

* eg At CMS the per event mass uncertainty estimation,
2, is used in a likelihood function P(2, lm,,)

— To separate statistical and systematic uncertainties the
nuisance parameters are fixed to their best-fit values and the
likelihood performed again

— This gives m; =125.6 + 0.4 (stat) £ 0.2 (syst)
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Width estimation in ZZ*

* |n a Standard Model scenario it is

possible to measure the width by : ;‘ :3;33:22:;55 e ;
comparing on-shell and off-shell . ;
29>77(*%) mass spectra ¥ :
* Dominant uncertainties come from Z ;
theoretical calculations (interference - | E
of gg2>H—>77* and SM processes) L N NN

m,, (GeV)

— Of the order of 20-30% for signal, g MprrrTr e
10-20% for backgrounds Y 12 ATLAS Proiminay :

. . . 105 s =8 TeV: [Ldt =203 1" _’

* Limits on the width are: ] —— "
6; — observed B

4; """"""""""""" 7

ATLAS 24MeV  35MeV 4.15 MeV (125.5 GeV) 2/ P .
CMS 22MeV 33 MeV 4.15 MeV (125.6 GeV) I I R S T TR

SM
T TS
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H->vyy at the LHC

* H->vy has the following features:

— High statistics in the low mass (<140
GeV) regime

— Simple final state
— Large backgrounds

— Energy scales measured using detector

response to X—2e*e
* Also Z—>1ly at ATLAS

— Further sensitivity gains through
categorisation and weighting

ATLAS 125.98 0.42 0.28
CMS 124.70 0.31 0.15

|||||||||||||||||

[Ldt=2031b" Vs=8 TeV
s/b weighted sum

Y weights / GeV
- o N

RN RN RRRDRRRE RARN L

JLdt=451b" Vs=7 Tev ATLAS

ent categories — Signal+background

||||||||

150 160

5.1 1" (7 TeV)

o
3
bl
£
5
o
=
W 1 L 1 L
110 120 130 140
m [GaV1
. 19.7 o (8 TeV) +
x10°¢
550 CMS S/(S+B) wei
: H— vy
¢ Data

0.5F i, =124.70 0.34 GeV

—— S+B fits (weighted sum)

ghted sum

S/(S+B) weighted events / GeV

200 -
100 |-
0

-100 -

110 115 120 125 130 135

140 145 150

m,, (GeV)
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Photon reconstruction at ATLAS

* Mass uncertainties in the H=2>yv final state are dominated by
photon energy scale uncertainties (~0.25%)

e Calibration very similar to electrons
* Uncertainties balance sheet:

Z->ee calibration 0.02-0.11% 0.02-0.11%
LAr cell non-linearity 0.09-0.39% 0.06-0.29%
Layer calibration 0.11-0.13% 0.05-0.10%
ID material 0.06-0.10% 0.05-0.06%
Other material 0.07-0.35% 0.04-0.20%
Conversion reconstruction 0.02-0.05% 0.02-0.06%
Lateral shower shape 0.04-0.07% 0.09-0.19%
Total 0.23-0.59% 0.21-0.47%
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Photon reconstruction at CMS

* Mass uncertainties in the H-> vy final state are
dominated by three main factors

* Calibration very similar to electrons

 Uncertainties balance sheet is less detailed than
that of ATLAS:

Electron-photon differences 0.10
Linearity of the energy scale 0.10
Energy scale calibration and resolution 0.05
Other contributions 0.04
Total 0.15
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Mass combinations

Combining the mass measurements ~ * &% —r ]

gives a good cross check 4

— Masses are consistent within 2.10 between ' VAV —
mOdeS and aCFOSS both experiments 0123 1235 124 1245125[(;2?/]5‘126'1265127 1275

19.7 o™ (8 TeV) + 5.1 b (7 TeV)
- CMS

Statistical uncertainties are larger than £ : 2.,
systematic uncertainties Z \\
Correlations between e and vy scale \\\// /
factors taken into account o NNATZ
my (GeV)
HSZZ*M 12451 +0.52 (stat) + 0.06 (syst) 125.6 + 0.4 (stat) + 0.2 (syst)
H>vyy 125.98 £ 0.42 (stat) £ 0.28 (syst) 124.7 £ 0.31 (stat) £ 0.15 (syst)
Combined 125.36 £ 0.37 (stat) = 0.18 (syst) 125.03 £0.27 (stat) £ 0.15 (syst)
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—+ Input total

— Fitted total

— Fitted signal
---Fitted background

125970 125980 125980 126000 126010 126020 126030
Vs - MeV

The next stages
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Future prospects for the LHC

* Projections were presented at Snowmass 2013
— http://www.snowmass2013.org/

* Benchmark projections given at 300 fb-! and 3000 fb-!

* Mass measurements at the LHC will be dominated by
systematic uncertainties (from lepton and photon
energy/momentum scales)

* These uncertainties will decrease as statistics increase

e Optimistic projections of mass resolution (at 14 TeV):
— 300 fb-1: 70 MeV

— 3000 fbl: 25 MeV

— (These are taken from Snowmass 2013, not official ATLAS/
CMS projections)

Aidan Randle-Conde, Université Libre de Bruxelles LCWS14 2014/10/07



gg—>7yv calculations

* Mass peak slightly shifted due to higher order

interference effects

* Many box diagrams contribute to gg=2vv, eg:

>

8 TTE

A

g XL

1

f

Y

Y

VAVAVAVARY ¢

EX T IN 7
A -2- A
g 7 t VW y

* |Interference leads to a shift in the mass peak
e Expect ~70 MeV shift (depending on the width)
* This will become a problem as we become more

precise
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Future prospects for lepton colliders

* e¢*te: See areturn to the LEP-like Higgstrahlung

— Resolution limited by Z momentum resolution

* u*tu: See areturn to the LEP-like lineshape

measurement

250/ 250/

Vs (GeV) 25%%/ 500/ 500/
1000 1000
250+ 1,150+
L (fb!) %;ﬁ; 500+ 1.600+
1,000 2.500

m,, (MeV) 32 32 15
I, 50% 4.6% 2.5%
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Future prospects for colliders
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Conclusions

 ATLAS and CMS have discovered the scalar boson with
<19% mass precision

— Very challenging conditions in the detector
— Studies push mass resolution to the limits

— Systematic uncertainties dominated by lepton and photon
scale factors

— Expect improvement to ~25 MeV in the future at the LHC
(3000 fb-l, estimates taken from Snowmass 2013)

— With ~10M events per resonance, ~0.5% scale factor
uncertainty

* Further improvement requires a linear collider
 Thank you for your attention
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The scalar boson was
postulated in 1964 by

Brout & Englert, Higgs, % e

and Guralnik & Hagen
& Kibble

* |ts couplings depend
strongly on its mass

* The width constrains
invisible decays

* Measuring the scalar boson
mass and width is a good
probe of new physics

* At amassof ~125 GeV we
can expect [',~ 4 MeV

ggs BR + Total Uncert

Hi
—
C
N

10

10

LHC HIGGS XS WG 2013

o
.

100 200 300 500 1000
M, [GeV]

90 20 300 400 1000
M, [GeV]
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Higgs search at LEP, Tevatron

The LEP accelerator was a circular
ete” collider located at CERN

LEP was dismantled to make space for
the LHC

One search strategy was to look for
Higgstrahlung (ete>Z*>ZH)

Can be independent of the final decay
mode

a l pr
At the end of data taking (2000) the four © . LEP

main experiments had excluded the 2
scalar boson up to a mass of 114.4 GeV i

. . 10 L —— Observed

Mass resolution after discovery would be , — hasely
dominated by Z boson four momentum

resolution 10_6- e |
Tevatron (pp Vs =1.8 TeV) looked for 10 106103104 106 105 110 ﬁé]ﬁ?gl{jg)zo
H—>bb, seeing 30 hints at ~125 GeV il Gevie
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Scalar boson search at the LHC

e We don’t know the centre of mass frame
* Final states must be explicitly reconstructed

—~H>qq, H>gg | " S

e Poor mass 6% "°
— H~>invisible ™~ resolution
— H>WW* H>1tT % -

_ bb

— H>Z7Z* Good mass v i
—H%)/)/, — resolution S’g
—H>Zy, Huu | }Very rare ;

decays Y%v

my = 125 GeV
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QCD decays, H—2>invisible at the LHC

OUt Of H% a nd H% qq, on Iy E SO_sym,:sHsEnilitgo&C' o %Hﬂn_n I >/7
H—>bb is observable S TR £ A

. S 60 S —
— ~70% of all final states @

= f i
50 o Global Sequential Calib. (GSC) g
E %

F o + Muon-in-Jet Correction &

— QCD backgrounds are far too large 5, = "™ /
— H—>bb only observable in associate *:

10—
prOdUChon Wlth W/Z T 60* 80700 120" 14160180 500
. . . my, [GeV]
— Very large uncertaintiesdue tojet _ .
energy scale, jet energy resolution & | f;“ffo'vm“'a"°" T ar1as Gov (132%
— Poor mass resolution g MR o> 100 Ge T e oo
3 N

o H->invisible is very challenging:
— High QCD, large pileup environment

— Large uncertainties on missing
transverse energy

— Very poor mass resolution N eI .
60 80 100 120 140 16r(1?1 188e\2/00
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H2>WW* H->71T at the LHC

* Relatively high branching fractions
— ~27% of all final states

* e*u modes are quite clean

— At least two neutrinos mean poor
mass resolution

— A better measure of signal strength
than mass

o /21T is a background for H>171

* |In two slides we find 97% of scalar
ooson decays not useful for
orecision mass measurements...

L

- arLas Heww Sy T
— Qbs.
B det 471"
W10 is=7TeV 4

N [J+20

95% CL Limit on O/OSM
o
I

i

10 B e e 1
110 115 120 125 130 135 140 145 150
m, [GeV]

CMS H—tr, 49fb at7TeV 197fb at8TeV

1 E T T T a
~ 1o
— 20

Local p-value
—
o
'I'I11llr
N

.
~
~~.

~
~~~~~~
,,,,,
..........
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H—>Zy, H>uu at the LHC

 These rare decays can in
principle give fine mass

resolution

— Very high backgrounds and low

signal statistics

— Not visible in LHC Run 1 or LHC

Run 2

— Worth keeping an eye out for this
in the 3000 fb-! dataset

ATLAS 5.0%(eey) / 2.8%(uwy)

CMS

Events/1 GeV

~5-6 GeV
1.6-5.9 GeV

300

250F

200

150

100

50

' AL LI B IR
ATLAS Preliminary =

—e— Data 2012

...... H-2Zy (m, =125 GeV, 0, x20);

Is=8TeV, J.Ldt =20.7 fb", Z—ee

7195 events
Lo b v e v b v b b by

25 30 35 40 45 50 55 60
Am [GeV]
CMS Preliminary  {s=8TeV, L=19.7 fb™
NO T T T T
s 7000E_ DY+Jets
[ - . .ﬁ
© Higgs x 500 &,
T, 6000 B
= - 0,1-Jet Preselection :’“‘
2 5000 Analysis A o
4000
3000 f—
2000 f—
L { )
C 00,
1000 0 eteereness
. x
9
8°
8 3%
1

120 130 140 150
M(uy) [GeV/c?]
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Electron and photon calibration at ATLAS

&D 002:' IR AR R RN AN RN RN R

E —— Jly se'e B

m F Electrons, n|<0.60 7 L o'e =

* Electrons and photons at ATLAS are Joors R .
. . . 0.005F é

reconstructed primarily in the LAr ecal ot mmei
-0.005 i

. . 0.01E _;

* Uncertainties are larger for photons T
0,02 g o o

E, [GeV]

o 0.02prrrrr e

S 0.015F. Electrons, 0.60<t|<1.37 ::":’:e E

B 0.01; + Calibration uncertaintyé

Non-linearities at cell level 0.1% in barrel °°°Z: _____________________________________ -
<1% for15<n<1.7 0005 ]

-0.01 —;

Relative calibration between 0.10-0.15% 0015E arLas v§=8TeV,J.Ldt=20.3fb‘1é
_0.027| wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
CaIO Iayers 10 20 30 40 50 60 70 80 Es:c;Ge:/(])o
Material before calorimeter  0.1-0.3% (unconverted photons) §OZE‘E};;}L;;'1‘_;7';5];{;2“'fj“if}_‘?‘ """"" ;
0.05-0.15% (converted photons) 001 + Catlration uncoranty.J

0.005 i

Misidentification of 0.02-0.04% e E
-0.005 =

converted vs unconverted 001 ,
photons '0015;ATLAS 5=8 TeV, J.Ldt 031"
PN ARRs rS

Lateral shower shape model 0.05-0.3% Er eV
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Simulation improvement at ATLAS

Electron and photon reconstruction is improved at

AT
Va
Va

0.06

a.u.

0.05

0.04

0.03

0.02

0.01

lllllllTTllll]llll!lllll]\llllllllYTll

E ATLAS Simulation ----- Initial calibration .
o g MPV = 124 .48 GeV -
- Hoyy O = 1.55GeV
\s =8 TeV — MVA ]

— MPV = 124.93 GeV —
6= 1.39GeV J

— m,, = 125 GeV
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m,, [GeV]

S 0.03F

0.025

0.02

0.015f

0.01

0.005F

0
p.

|AS using dedicated data/simulation studies
idation for electrons performed using J/iy—>ee
idation for photons performed using Z=2 11y
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~ Jly—ee T
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Lan Ny

LIS LA L L B N B L N L N L
'

1 ] P

T | T T I T T T _L
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MVA ]
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A Scale

A Scale

Electron scale factors at ATLAS
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Unconverted photon scale factors at ATLAS

o 00207 7T T T 1T o 002 g
(] = . (] = -
& 0.015F Unconverted photons = & 0.015 Unconverted photons =
< - —— Data 3 < - —+ Data -
0'01:_ Calibration uncertainty = 0'01:_ Calibration uncertainty =
0.005F | — 0.005 —
-+ | : o
05+‘ """" B D S E O ) o E
-0.005F — -0.005F —
0.01F = -0.01E =
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Converted photon scale factors at ATLAS

o 0027 7 1T o 0.02p~rrrrrr e g
[\] C 7 O = .
& 0.015F Unconverted photons = & 0.015F Unconverted photons =
< F —¢— Data ] < c —¢— Data ]
0'01;_ Calibration uncertainty = 0'01:_ Calibration uncertainty =
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" I 1 3 = + =
o E Y S — e R E
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Muon calibration at ATLAS

* Muons are calibrated by: T s |
1. Momentum scale and resolution 35010 |} mionas

. o 0:05- b Il 1620 1

measurements are made using a Booor e ]

I T oot ¥ hi n eIl

reference model of the Z lineshape e ;

. . -0.101 4

convolved with a Gaussian s # ]

2. Biases are determined according to I P
shifts in the Z peak position Y I -
 Events are fitted to & 0003
. — 0.002f :

Z, JIyp, Y(nS) peaks, averaging E oot ?
over 17 and py L

: - £ 000t + 5 hooor

* Systematic uncertainties: oom D sl
... -0.003|- 4w, |n|ols1'2;
— Peak position: 0.1% (eeuu, puiit) D S £ |

— Peak width: 5% Muon p._ (GeV)
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LHC timeline

* The energy and

. . 6 0E+34 ® Peak luminosity Integrated luminosity
luminosity of the
. 5.0E+34
LHC will evolve:
= 4.0E+34 100 =
—EndofRun3, ¢ . 2 & lal & B >
expect ~300 fb- z = = b 2 B e 3
_é 2.0E+34 S
— End of Run 6, E 3
expect ~3000 fb! Loge3s E
® Usual Caveats apply! 0.08+00 1:0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 o
Year
I i
[ | | |
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