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Once upon a time...

e Precision measurement in the Standard Model:
Higgs mass and couplings, W boson mass, ...
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Once upon a time...

 Precision measurement in the Standard Model:
Higgs mass and couplings, W boson mass, ...

» Starting to be limited by systematics. Work needed!
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Work = calibration

* Calibration = achieving more precise measurement of the
energy of particles.
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Work = calibration

e Calibration = achieving more precise measurement of the
energy of particles.
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Work = calibration

Calibration = achieving more precise measurement of the
energy of particles.

e Here: “E1/E2”
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E1/E... what?

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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E1/E... what?

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Tracking
Toroid Magnets Solenoid Magnet | SCT Tracker Pixel Detector TRT Tracker
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E1/E... what?

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter | [@1[o]g[aa[=1iY;

Tracking
Toroid Magnets Solenoid Magnet | SCT Tracker Pixel Detector TRT Tracker
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E1/E... what?

Tile Calorimeter Liquid Argon Calorimeter | [@1[o]g[aa[=1iY;

Tracking
(muons only)

Muon Detectors
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E1/E... what?

ApxAn = 0.0245x0.05

Cells in Layer 3
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E1/E... what?

R < 0 34540.05 Particle going through
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F1/E2 intercalibration method

e Goal: correct for
e the residual electronics miscalibration

e cross-talk effects
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F1/E2 intercalibration method

* Goal: correct for
* the residual electronics miscalibration
* cross-talk effects

« How? Use muons!
* Energy deposited in the calorimeter

* only depends on length of active material (Liquid Argon) passed
through,

* is insensitive to upstream material (tracker, structures...) effects.
 Simple deposit:

 No shower (on the contrary of electrons) able to probe very finely
the detector (infra cell-level)

* Easily modelled with a Landau distribution.
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Step 1: muon energy deposit
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g,
 Deeper cell in L2 = larger energy deposit.
 Small energy deposit: typically

« 50 MeV in L1 (close to the noise level),
e 270 MeV in L2 (3-4 times noise level).
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Step 2: fit the distribution
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Step 2 f|t the distribution
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:Muon energy deposit (MIP)
:Landau distribution

Noise (electronic + other):
:Gaussian distribution,

:centred at 0
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Step 2: fit the distribution
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:Muon energy deposit (MIP)
:Landau distribution

Noise (electronic + other):
:Gaussian distribution,
icentred at 0
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What a nice fit!
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* Qur estimator of the muon energy deposit is the location
of the peak of the underlying Landau distribution ("MPV”).

* Do it for every region of the detector, in S1 and S2, for Data
and MC.
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Deposﬂ as a function of the position
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 Each point here is the MPV of a fit as shown previously.

Small differences between data and MC... c’est la vie.

e Then we take the double ratio

data data
El /E2

EVO/EY°
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Step 3: final result. ..
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Step 3: final result. ..
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Step 3: final result. ..
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2016 result: agreement with 2012 ~OK in the central
part of the detector, large difference in the far regions.
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Step 3: final result. ..
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2016 result: agreement with 2012 ~OK in the central
part of the detector, large difference in the far regions.

 What is going on??? Could it be the pileup?
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A change in LHC conditions

* You said pileup” What'’s that?
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A change in LHC conditions

* You said pileup” What'’s that? — —
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A change in LHC conditions

* You said pileup” What'’s that?
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A change in LHC conditions

--------------------
...........

' . ) . OOO . . OOOOO .
e You said pileup? What'’s that? aeeiscese—s L N 0058 oo
. . “..000 % ¢ 0% .. 000 ® 0 0°9.

LA L
1 D) .
-------------------------------

* Only one interesting vertex (hard-scatter).

* The rest only produces low-energy particles that pollute
the main energy deposit(s) in the detector.

Antoine Laudrain (LAL) Layer intercalibration with muons 28 May 2018 12




A change in LHC conditions

--------------------
...........
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Only one interesting vertex (hard-scatter).

The rest only produces low-energy particles that pollute
the main energy deposit(s) in the detector.

Antoine Laudrain (LAL)

Layer intercalibration with muons 28 May 2018 12



So”? Will the pileup confess”

* |nclusive — differential analysis: split in pileup bins.
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So”? Will the pileup confess”

* |nclusive — differential analysis: split in pileup bins.
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So”? Will the pileup confess”

* |nclusive — differential analysis: split in pileup bins.
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* Yes: large differences in the various bins.

 Then how do we cancel (or at least mitigate) its effects”
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|dea: subtract the ambient noise

* Try to estimate the pileup contribution by looking at the
energy in close by cells not containing signal.

Cell window
opened around

the muon \

Central cell: signal

Added cell(s): signal leakage

Cells used to compute the ambient noise

Not actual scale!
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|dea: subtract the ambient noise
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 Well... a bit better, but no still not as good as required.

* Tried a few other methods, which ended not working as
well as needed either.
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|dea: subtract the ambient noise
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 Well... a bit better, but no still not as good as required.

* Tried a few other methods, which ended not working as
well as needed either.

e So what can we do? Panic”?
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EEEEEEEEEE

THINK OF
NEW IDEAS
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Got onel

* |f the pileup is our enemy, let’s kill it!

* |n other words: why don’t we take samples without
pileup?
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Got onel

* |f the pileup is our enemy, let’s kill it!

* |n other words: why don’t we take samples without
pileup?

* |In a simulation, we can do it.
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Got onel

* |f the pileup is our enemy, let’s kill it!

* |n other words: why don’t we take samples without
pileup?

* |In a simulation, we can do it.

* In the real data... no: life (of physicists) is not so easy...
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Got onel

* |f the pileup is our enemy, let’s kill it!

* |n other words: why don’t we take samples without
pileup?

* |In a simulation, we can do it.
* In the real data... no: life (of physicists) is not so easy...

* SO0 how can we build/simulate a “pileup-less” sample
from the data”
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Got onel

* |f the pileup is our enemy, let’s kill it!

* |n other words: why don’t we take samples without
pileup?

* |In a simulation, we can do it.
* In the real data... no: life (of physicists) is not so easy...

* SO0 how can we build/simulate a “pileup-less” sample
from the data”

e |et's use the most powerful tool we have: extrapolation.
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Extrapolation to <u> =0

» Split the dataset in 13 pileup regions
(instead of 3 previously).

240;""'I"""I""I'""I""I""I""‘E
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Extrapolation to <u> =0

» Split the dataset in 13 pileup regions
(instead of 3 previously).

240;""'I"""I'"'I""'I""I""I""‘E
220 ATLAY Oriide] V314 TeV ﬂ_dt=42.7 fo '3
200;— 2015: <u>=13.7 s
180 2016: <u> = 24.9
160F Total: <u>=23.7
140
120F

- For each bin of pileup in each region of the
detector, do the Landau®Gaussian fit.
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Extrapolation to <u> =0

* Split the dataset in 13 pileup regions = 240prr T T TS
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2562:_ ATLAS Work in Progress Data,Barrel only 2283:_ ATLAS Work in ProgressMC zvertex welght,EC only
g F a = 0.0400 = 0.0088 gt a= 0.1029 = 0.0396
W C b =54.5602 + 0.1891 w282~ b = 278.5114 = 0.8322
S 558 chi2/ndf = 0.78 3 L - chi2/ndf = 0.60
= F l of 281~
2 55.6/— 2 f
- 280
55.4_— B
55.2?— 279|—
55;— 278?—
54'8:_”||I||||I||||I||||I||||I....I....I....I....I... E||||I||||I||||I||||I||||I||||I||||I||||I||||I|||
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Data, eta bin 7 (Barrel only), <u> MC zvertex weight, eta bin 9 (EC only), <u>
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Are you sure it really works”

o Still need to validate the method (“closure test”).
e How?
 produce a simulated sample without pileup,

* check that the extrapolation in the simulation and the
simulation without pileup give the same resulit.
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Which leads to.

;‘ T T T T ! T T T T | T T T T T T T T | T T T T : ;‘ 340__II ..... | ..... | ----- - | ----- | ----- | ----- | ..... | ..... T T T T | T T T T | T T T T
2 80 T ~ ATLAS Work in Progress 2 - ~ ATLAS Work in Progress :
g — : 3 320 S A=A o B O S —]
2 | | G : v v
Q TR ¢ 0| E———— ............................. .................. i .............................. .................. ;é;_vz
= 10| RS D SRR SR— A2 S
LuJ ) = N e nangtt NN
260 —_=A=_A_ ...... ............................. .............................. .................. [P ;._.!T:!: ............. —
A A ; ™ .
240 E.,;A.‘.. ................. ............................. .............................. .............................. ......................... —]
| H H _A_ H H :

220__ ........... ............................. ..................... [ .............................. .........................
200__ ....................................................................... Pt —
180F- Data 2016 with templates extrapolated .

160 —— Simulation with. templates <u>=0. -

0 0.5 1 1 5 2 2.5 0 0.5 1 1.5 2 2.5

S1 S1 S2 S2
muon - + muon - +
n ncell ncell raw n ncell ncell raw

* Happy if red and green match.

extr extr
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Which leads to.

805_ """"""""""""" """"""""""""""" ATLAS Work in Progress ] 340;_ """"""""""""" """""""""""""""" """ ATLAS Work in Progress ]

320 s ................. FA?A—';ALLA;&ﬁ ......... .............................. 5 ......................... ]

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

70

— _—A—

- : : : A
0100 | EE———— ............................. e B .............................. ........................ ]
280 __=A==A=f%f .................. .............................. :¥~_ o

601 =

E1 (3 cells) [MeV]
E2 (2 cells) [MeV]

50 e .d.i.—.érfff .................. ............................. " ........................ - ; : : : _ ]
- A —v—_% DBO— e e R -

40— """"""""" ;&'fﬁf‘f‘* """ :x:fA'.;A_" """"""""""""" — DAQEAAT ............................. .............................. .............................. .........................

5 R R ;jgé—;;;j;;;;éjjj;;:;;;;:;;;;:;;;;:;jjj::::%:::::::::::::::::::::ffijjjjjéjjjjjjjjjjj:::::::::::::::::::%:::::::::::::::::::::::ii_;

20 ............................................................................................................................................. —

10E —— Simulation with. template extrapolated .................. 180 -
E—A—Slmulatlon Wlth template <> = 0 160F Slmulatlon Wlth templates...<u,>.. ..O ...... T =

| 1 L 0 0 E L L 0 0 4 T
OO 0.5 1 1 5 2 2.5 0 O 5 1 1 5 2 2.5

S1 S1 S2 S2
m n - + muon - +
uo n ncell ncell raw n ncell ncell raw

* Happy if red and green match.

extr extr

* Fair agreement, difference taken as a systematic on the
result.
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Which leads to.

BO """"""""""""""" ATLAS V\/ork in Progress -

BA0 """"""""""""""" """ ATLAS Work in Progress :

320 s ................. =A=A=_A__A_:A:@ ......... .............................. o
300 :_ ......................... ............................. .................. et .............................. ........................ 7]

280 __=A==A=f%f .................. .............................. :¥~_ R

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

70
60—

BOE TATAT ............................. '— ........................ v - : 5 5 _
E LA —v—_% 260_=A=_A_ ...... ............................. _ .................. g E.‘.!t:!: ............. ]

E1 (3 cells) [MeV]
E2 (2 cells) [MeV]

40— """"""""" ;&'fﬁf‘f‘* """ :x:fA'.;A_" """"""""""""" — DAQEAAT ............................. .............................. .............................. ......................... .

| s =Em

DO b D ] _ ]
OF - —— Data 2016 with:templates, extrapolated ]

180F . Simulation with templates, extrapolated B
C Slmulatlon Wlthltemplate <M> O | 160— —A— SImU|at|0n Wlth templates <M> O """ | """"""""""""" —
O— | | | | | | | | n

10_ —— Simulation with: template extrapolated ..................

0 0.5 1 1.5 2 2.5 0 O 5 1 1 5 2 2.5

S1 S1 S2 S2
muon - + muon - +
n ncell ncell raw n ncell ncell raw

* Happy if red and green match.

extr extr

* Fair agreement, difference taken as a systematic on the
result.

* Also changed the noise model from Gaussian to a
template, improving the closure.
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Final result

5 1.12
1.1

1.08
1.06
1.04
1.02

1
0.98

& qi
t |

092| |||||| ca Lo b b ' AR AR | o 7
0) 02040608 1 12141618 2 2.2 2.4

i
* 1-2% difference with 2012 result, but same behaviour (“no fall”).

e Works!

—5- run1 muon ATLAS|Work in Progress

—@®- run2 muon

+—

|"'|"'|'j:i-
i
s
t&
_g%
%i
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Conclusion

 Analysis finalised with all its systematics, paper detailing all the
calibration process being written.

« Third layer not mentioned here: some work still ahead.

« Some LHC runs in 2017 and 2018 with very low pileup will
help validating the extrapolation in the data as well.

« 2017 dataset is now included as well (2018 data being
recorded now!), but with much higher pileup.

L) e R AR AR R AN AR RN RRRRE RAREE RERE

- = = = 400F "I
S 220 ATLAS Online, (s=13 TeV [Ldt=42.7 b7 2 - ATLAS Online, (s=13 TeV [Ldt=03 " 3
fen - [0 2015:<u>=13.7 7 R C O 2015:<u>=13.5 o
= 180 0 2016:<u>=24.9 2 300F 3 2016:<u>=249 J
2 160 Bl Total:<y>=237 4 = ] 2017:<u>=383 3
E 140:_ . E 250 B8 Total:<u>=31.9
=] E S5 - -
- 120 N a -
3 120 2015-2016 5 200 2015.0017
® 100 o) =
S 80F g 150F =
g e0- 2 100E =
40 505
20 E s
ot O N | ] e L =

0O 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 70
Mean Number of Interactions per Crossing Mean Number of Interactions per Crossing
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BACKUP




Why no issue seen in Run-17

2011-2012

2015-20160

:‘ :I T T T | T T | IIII|IIII|IIII|IIII|IIII T T IIII: l:' -
S 1801~ ATLAS Online Luminosity 1 S 220 ATLAS Online,
ﬁ_ 160 D Vs=8TeV,[Ldt=21.7fb", qu>=20.7] ﬁ_ 200
> 140K 0 Vs=7TeV,[Ldt=5.2f", <u>= 9.1 > 180
7 — ] k%) -
2 1200 4 2 1285
= - N - =
3 1000 74 3 1205
B 80F <4 3 100F
o - ] O =
S 60F 4 = 80
— — ) -
E a0 2 8 6o
: ] 40__
201 E 201
O: | II|IIII|II L1 | | I | | I I | | ||||: O:|||||I
O 5 10 15 20 25 30 35 40 45 5 10

Mean Number of Interactions per Crossing

240—I—III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III—|—
\s=13 TeV ﬂ_dt 427fb1—

@ 2015:<u>=13.7

] 2016:<u>=24.9
B Total: <u>=23.7

uoleiqied L1/

* Average pileup 30% lower in Run-1 (+other beam
conditions), so pileup impact not that high.

15 20 25 30 35 40 45 50

Mean Number of Interactions per Crossing
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Change of noise model




Closure vv|th gaUSS|an noise model

80 B40L- o A ATLAS Work in Progres _;

320 ................. A‘AFA-& ...... e § .............................. e
300 :_ ......................... ............................. .................. A .............................. .................. e

70

E1 (3 cells) [MeV]
2 (2 cells) [MeV]

OO iy -

e o
: 4 _ 2 o]0 NSRS PUY. SRR S S SO v
(010 Eu— * ..... A, ...... P 1. v eV \7 ; - AA%%A iy Tovg? #V v ¥

- Aa : R A s A
e e A _ "‘"‘g"'_";-‘i:"‘vﬁ ....... -

E
T
>
|
3
4
<

s SO > D R " | | | ;
O ey iﬁ_‘%&; """""" e S - DA o o — S ]

B o """""""""""" . 233

20 :
- Data 2016, extrapolated | .
10 = Simulation, extrapolated............i..... ] 180

m —A—Slmulatlon <M> 0 | | 160F S|mu|at|on <y,>. ..O ................... | .............................. | ......................... .
O_ | | | | | | | | | | | | | | | | | | L]

0 05 1 1.5 2 2.5 0 05 1 15 2 2.5

S1 S1 S2 S2
muon - + muon - +
n 1 Y n ncell ncell raw

extr cell cell raw extr

 Happy If red and green match!

S1: good agreement in the central part, still a large issue in
the far regions.

S2: good agreement everywhere!

Can we try to find out why?
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Noise modelling

Noise assumed to be gaussian and centred at 0.

Is it true?
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Noise modelling

- Noise assumed to be gaussian and centred at 0.

- Is it true?

 Generate noise “templates” (= shapes):

* from events with no hard-scatter collision at all (only
pileup)

» contain only noise (electronic and pileup).
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Nolise templates

energy energy
h _barrel mu_14 eta 200 h2_endcap_mu_19_eta_20
70000 — _ Entries 3417472 70000— _ Entries 6327808
— ATLAS Work in Progress Mean 0.2219 —  ATLAS Work in Progress
— Std Dev 425 - Mean ~2.606
— ¥Z ¢ ndf 1.02e+05 / 197 — Std Dev 149.2
60000 — Constant 6.393e+04 =4.701e+01 60000 __ %2 ¢ ndf 2 5590:05/ 318
— Mean -3.684 = 0.019 —
— Sigma 9287 = 0.02 — Constant 6.287e+04 = 3.463e+01
50000(— 50000{— Mean 17.5220.05
— - Sigma 121.8=0.0
40000— h 40000—
30000 30000—
20000 20000{—
10000— 10000 —
AT B R R B Lol P O T R U I N A 1 | } TR R
-900 -300 -200 -100 0 200 300 400 -%OO -600 -400 -200 0 200 400 600 800
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Nolise templates

energy energy
h _barrel mu_14 eta 200 h2_endcap_mu_19_eta_20

70000 — _ Entries 3417472 70000— _ Entries 6327808

— ATLAS Work in Progress Mean 0.2219 —  ATLAS Work in Progress

— Std Dev 425 - Mean ~2.606

— ¥Z ¢ ndf 1.02e+05/ 197 — Std Dev 149.2
60000 [ Constant 6.393e+04 =4.701e+01 60000 [ %2 ¢ ndf 2 5590:05/ 318

— Mean -3.684 =0.019 —

— Sigma 9287 = 0.02 — Constant 6.287e+04 = 3.463e+01
50000 — 50000{— Mean 17.5220.05

— L Sigma 121.8=0.0
40000 E 40000—
30000— 30000(—
20000 20000—
10000— 10000—

: | I | I | I I | I | | | I I | I | I I | 1 | l Ll 1 | L1 1 1 : | | | I | ] |

-gOO -300 -200 -100 0 100 200 300 400 -%OO -600 -400 -200 0 200 400 600 800
| | | | ||
* Th definitel t
€ nNoise IS aetinitely not gaussian.
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Nolise templates

energy energy
h _barrel mu_14 eta 200 h2_endcap_mu_19_eta_20

70000— Entries 3417472 70000— Emios 6327808

— ATLAS Work in Progress Mean 0.242212 —  ATLAS Work in Progress Mean 2 606

— Std Dev . | .

— Z ! ndf .02e+05/ 197 — StdD 149.2
60000 __ 7(CJOn:tant 6.39394—(}4 :1.70191-01 60000 :_ x: n:fv 2.559e+05/318

— “s”i‘;;"a 'Sf:‘;;fg; - Constant  6.287e+04 = 3.463e+01
50000 {— 50000— Mean 17522005

~ — Sigma 121.8 0.0
40000— \ 40000—
30000 30000—
20000 20000{—
10000— 10000 —

:l L1 1 l L1 1 1 l 1l L1 1 1 [ L1 1 1 1 . | I — I 1 1 1 : 1 1 1 1 1 1 1 l 1 1 1 l 1 1 1 l 1 1 ] 1

%0 800  -200  -100 0 100 200 300 400 00 600 400 200 0 200 400 600 800
| | | | |
* The noise is definitely not gaussian.
, |
e S0 let’s ch th del
o let’s change the noise model!
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Nolise templates

energy energy
h .barrel mu_14 ete;4 .‘2;)4072 h2_endcap _mu_19 eta 20
70000:_ ATLAS Work in Progress EAELES 0-2422‘: 70000:_ ATLAS Work in Progress ::::s 63227:2:
c0000- E e | 60000 swow e
soooof— o 2 o soooof— W o
- — Sigma 121.8 0.0
40000 E 40000—
300005— 300005—
200003— 200003—
1oooof— 100003—
9600 e T 000 00400 Qo000 " T00 200 0 200 400 600 800
* The noise is definitely not gaussian.
, ]
* S0 let’s change the noise model!
 Use Landau®template instead of Landau®Gaussian!
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New validation test with templates

80
70

60

E1 (3 cells) [MeV]

50
40
30
20
10

—~ Simulation Wlth;template |<M> 0 |
O | | | | | | | | | | | | | | | | | | | | |

0 0.5

1

. B ;' e, . ...................................
""""""""""""" T ATLAS Work in Progress - 2 340F : ATLAS Work in Progress .
: : 320__ ......................... S A=A O - O SO ]
' ' z F T -
o 0]0] 0] E—— . T A . e -~
Al — V- .
~ 280 __=A==A=f%j_= ............ s :¥~_ s e —
N T Ty e, ]
260 —_=A=_A_ ...... ............................. .............................. .................. [P ;._.!T:!: ............. —
A ; v .
2405.,;.4.‘.. ................. ............................. .............................. .............................. ......................... -]
| H H _A_ H H :

220__ ........... ............................. ..................... [ .............................. .........................
200__ ....................................................................... e ]
S Data 2016 W._'.t.h__.t__"?'.FT‘..P.'????..__‘?.’.?t__r?_P_?_'%?‘?.F’ __________________

180F . Simulation with templates, extrapolated
160 —— Simulation with templates, <u>=.0....coocee =

1.5 2 2.5 0 0.5

S1 S1
muon - +
n ncell ncell raw

extr

* Happy if red and green match.

1

1.5 2

S2
muon 1’] - ncell

extr

T

2.5
S2
cell raw
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New validation test with templates

805— """"""""""""" S ATLAS Work in Progress E 340;_ """"""""""""" — " ATLAS Work in Progress ]

320 ................. SA==A= W b S _]

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

70 H H H
300:_ ......................... ............................. ......... .............................. ........................ 7]

280 __=A==A=f%f .................. .............................. :¥~_ e

601 =

E1 (3 cells) [MeV]
E2 (2 cells) [MeV]

50 e .d.i.—.érfff .................. ............................. " ........................ - ; : : : _ ]
- A —v—_% DBO— e e R -

40— """"""""" ;&'fﬁf‘f‘* """ :x:fA'.;A_" """"""""""""" — DAQEAAT ............................. .............................. .............................. .........................

5 R R ;jgé—;;;j;;;;éjjj;;:;;;;:;;;;:;;;;:;jjj::::%:::::::::::::::::::::ffijjjjjé::::jjjjjj:::::::::::::::::::%::::::::::::::::::::::::i_;

20 ............................................................................................................................................. —

10E —— Simulation with. template extrapolated .................. 180 -
E—A—Srmulatron Wlth template <> = 0 160F Srmulatlon wrth templates...<u,>.. ..O ...... B =

| 1 L 0 0 E L L 0 0 4 T
OO 0.5 1 1 5 2 2.5 0 O 5 1 1 5 2 2.5

S1 S1 S2 S2
m n - + muon - +
uo n ncell ncell raw n ncell ncell raw

extr extr

* Happy if red and green match.

* Fair agreement, difference taken as a systematic on the
result.
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Number of cells used In
energy computation




Cross-talk in the barrel

— 4 '
) MJ # '
b 0.12%
/ Electr

% Electrode A /
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F1/E2 intercalibration method

* Jo build the distribution, the energy deposit is actually summed over

e 3 cells in eta for L1: correct for the cross-talk (10-15%)

*: “central” means “cell

¢ take Central* + |eft + I’Ight closest to the track

intersection in this layer”

e 2 cells in phi for L2: correct tor accordion geometry

e central™ + maximum energy cell between top or bottom

Cell window

/ opened around \

the muon

Central cell: signal
:

Added cell(s): signal leakage

Not actual scale!
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Geometry argument for S2

Ap = 0.025 —---» 52 cell readout

— S2 cell readout

—— S2 cell readout

— S2 cell readout

> S2 cell readout N

Antoine Laudrain (LAL) Layer intercalibration with muons 28 May 2018 33



References

» https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/
HIGG-2013-12/

o http://cms-results.web.cern.ch/cms-results/public-results/
publications/HIG-13-002/index.html

 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/
CONENOTES/ATLAS-CONE-2017-046/

e http://cms-results.web.cern.ch/cms-results/public-results/
publications/HIG-16-041/index.html

- https://atlas. web.cern.ch/Atlas/=GROUPS/PHYSICS/PAPERS/
STDM-2014-18/

* http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/
PERF-2013-05/

Antoine Laudrain (LAL) Layer intercalibration with muons 28 May 2018 34


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-12/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-002/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-041/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-041/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-18/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2013-05/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2013-05/

