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Analysis design LHC recasting Summary
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Analysis design LHC recasting Summary

-------------------------------------------------------------------------------------------------

. 4 Path towards the characterisation of new physics

*Fitting and interpreting deviations

* Predictions of associated signatures/signals
~ Monte Carlo simulations play a key role

4 Final words on any potential new physics at the LHC

* Accurate measurements @ precision predictions (NLO QCD + PS)
~ Monte Carlo simulations play a key role

-------------------------------------------------------------------------------------------------

'— -----------------------------------------------------------------------------------------------

. 4 More on the new physics nature at the LHC
< Fitting deviations by new physics signals
~ Reinterpretation of LHC results (confronting models to data)

< Designing new analyses to probe new ideas
~ from signal and background predictions

-------------------------------------------------------------------------------------------------
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Analysis design LHC recasting Summary

[ Christensen, de Aquino, Degrande, Duhr, BF, Herquet, Maltoni & Schumann (EPJC’I 1) ]

-----------------------------------------------------------------------------------------------------------------------

¢ .

Idea / Lagrangian

< From Lagrangian to model files

. v % FEYNRULES 5
. % UFO E
. FEYNRULES / UFO :
5 / <+ Matrix element generation
% MG5_AMC ~ predictions at LO/NLO 5
E Matrix Pal"ton Detector . . E
 Elemente showers > Reconstruction * Parton showers / hadronisation :
: Hadronisation * PYTHIA :
: v < Detector simulation :
; Simulated collisions % DELPHES 3 / MADANALYSIS 5 ;
7 < Event analysis
E Analysis ' * MADANALYSIS 5 E
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4 Hard-scattering process
Benjamin Fuks - 19.11.2019 - 6

* Any final-state particle
+ BSM / SM
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Introduction LHC recasting Summary

4 Hard-scattering process
oo e 12 L% Any final-state particle
® '® < BSM/SM

1
n

[ A SHERPA artist ]

1 4 Parton showering
< QCD partons

% Electrons, muons, photons
< Neutrinos, invisible ,

e — = el

Proton

ST W E E EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RNy
M Em W B BN N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN N BN BN BN M BN M W M O

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 6



Introduction LHC recasting Summary

—

€SS

/ \ 4 Hard-scattering proc
8 L% Any final-state particle
| % BSM/SM
= o 1 4 Parton showering

< QCD partons

% Electrons, muons, photons |
== || ** Neutrinos, invisible

u::f . | (] , Q00 | | i:“:-, u 4 Hadronisation
| Y

o < Hadrons
< Electrons, muons, photons
“* Neutrinos, invisible ,
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Proton |
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\ 4 Hard-scattering process
S Any final-state particle
<+ BSM / SM

|
|
i

[ A SHERPA artist] \

| 1 4 Parton showering
< QCD partons
|| *® Electrons, muons, photons |

== || % Neutrinos, invisible
- j ****T.ff.. ‘ — S— e ——EEEEEE R——
. et ¥ ~e h J— — i )
:.¢ o | f o | 1! . o
. A f 20 | -yt | 4 Hadronisation

K < Hadrons

\

t| < Electrons, muons, photons
< Neutrinos, invisible

]
|
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Proton

4 Detector simulation

 Hits
* Tracks
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d019313d
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§m

d019313d

| <*Hard scattering / parton showers
| % No real need for clustering

~ However possible
* “Stable” tops, gluinos, etc.

_ el
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§m

d019313d

—_— S - = . S —— e

l _ *%*Hadron level

* Hundreds hadrons ~ small number of jets
* Reconstruction yields few objects:
~ However possible % Electrons, muons, photons

. ’0’ . o
* “Stable” tops, gluinos, etc. ,, . H'fldl.”omc taus, jets
- e < Missing transverse energy

il <*Hard scattering / parton showers
| % No real need for clustering
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Introduction

11 '!°Hard scattering / parton showers
* No real need for clustering
~ However possible

* “Stable” tops glumos etc.

LHC recasting

Summary

| “Detector level
| % 100s of hits/tracks
* Reconstruction yields:

< Electrons, muons, ¥’s

< Hadronic taus, jets
< Mlssmg energy

d019313d

**Hadron level

* Hundreds hadrons ~ small number of jets

* Reconstruction yields few objects:
< Electrons, muons, photons
< Hadronic taus, jets
< Missing transverse energy
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Introduction LHC recasting

Summary

| “Detector level
* 100s of hits/tracks
* Reconstruction yields:

< Electrons, muons, ¥’s

< Hadronic taus, jets
< Mlssmg energy

d019313d

**Hadron level

* Hundreds hadrons ~ small number of jets

* Reconstruction yields few objects:
< Electrons, muons, photons
< Hadronic taus, jets
< Missing transverse energy

~**Hard scattering / parton showers
| % No real need for clustering
1‘ ~ However possible

“Stable” tops gluinos, etc.
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% Truely stable: electrons, y’s
¢ Stable on detector scales: muons

4 Other unstable particles
< Observable through decays

¢ SM and BSM

-------------------------------------------------------------------------------------------------
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-------------------------------------------------------------------------------------------------

. 4 Directly observable objects
% Truely stable: electrons, y’s

¢ Stable on detector scales: muons

. 4 Other unstable particles
* Observable through decays

¢ SM and BSM

-------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------

4 Jets

< Charged and neutral hadrons
< Matched with an initial parton

------------------------------------------------------------------------------------------------
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-------------------------------------------------------------------------------------------------

. 4 Directly observable objects
% Truely stable: electrons, y’s

¢ Stable on detector scales: muons

. 4 Other unstable particles
* Observable through decays

¢ SM and BSM

-------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------

4 Jets

< Charged and neutral hadrons
< Matched with an initial parton

------------------------------------------------------------------------------------------------

4 Theinvisible

< Energy-momentum conservation
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§ Basic selection requirements

¢ Good quality objects (~ proper reconstruction of the properties)
% Within the detector acceptance

4 Analysis itself

% Increase the signal/background ratio

--------------------------------------------------------------------------------------------------------

,-..-..-..-..-..-..-..
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4 Basic selection requirements

¢ Good quality objects (~ proper reconstruction of the properties)
% Within the detector acceptance

4 Analysis itself

% Increase the signal/background ratio

---------------------------------------------------------------------------------------------------------

sEEEEEEEEEEEEEEEEEE =,

--------------------------------------------------------------------------------------------------------

Matrix Parton Detector **Collider physics made easy

Elements showers ~ Reconstruction g o
Hadronisation - % Intuitive commands

! Il ! ~ interface

Simulated collisions

\

MADANALYSIS 5

[ Conte, BF, Serret (CPC’13) ]
[ Beranger, Conte, BF, Wymant (EPJC’14) ]

~ C++ black box

“* Analysis behind the scenes
** Human readable output

ST W E E E EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE ===,
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-------------------------------------------------------------------------------------------------------

4+ Setup (generator level)
 LHC collider at a center-of-mass energy of |3 TeV, 2.3 fb-!
* No lepton cut (pseudorapidity, transverse momentum, etc.)

< Jet cuts: pt > 20 GeV, AR > 0.4, no pseudorapidity cut

-------------------------------------------------------------------------------------------------------

e L N s
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-------------------------------------------------------------------------------------------------------

4 Setup (generator level)
. & LHC collider at a center-of-mass energy of 13 TeV, 2.3 fb-!
. < No lepton cut (pseudorapidity, transverse momentum, etc.)
. Jet cuts: pr > 20 GeV, AR; > 0.4, no pseudorapidity cut
"4 Toysamples ‘:

% Top-antitop: two leptonic decays tt — (b0 v,) (b0~ y)
< WW: two leptonic decays WW = — (¢Tv,) (¢ vp)

< ZZ = signal: one leptonic and one invisible decay zz — (v,,)(¢/ ¢ )

-------------------------------------------------------------------------------------------------------
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-------------------------------------------------------------------------------------------------------

4 Setup (generator level)
. & LHC collider at a center-of-mass energy of 13 TeV, 2.3 fb-!
* No lepton cut (pseudorapidity, transverse momentum, etc.)

< Jet cuts: pt > 20 GeV, AR > 0.4, no pseudorapidity cut

-------------------------------------------------------------------------------------------------------

P e e e e e
’
1
1
1

4 Toy samples
.« Top-antitop: two leptonic decays tt — (b0Tv,) (b0’ i)
< WW: two leptonic decays WW = — (¢Tv,) (¢ vp)

< ZZ = signal: one leptonic and one invisible decay zz — (v,,)(¢/ ¢ )

-------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------

. 4 NLO cross sections (LO generation, NLO normalisation)
% Top-antitop pairs = 33 pb
*WW = 4.2 pb

-------------------------------------------------------------------------------------------------------
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4 We have not simulated any detector response
% Object selection relevant for a real experiment
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Introduction LHC recasting Summary

*We have not simulated any detector response
% Object selection relevant for a real experiment

i % Soft objects not detected 7 E
i * Removal of any jet/lepton softer than some threshold i
pr(€) > 10 GeV, pr(j) > 20 GeV

------------------------------------------------------------------------------------------------------

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 11



Introduction LHC recasting Summary

*We have not simulated any detector response
¢ Object selection relevant for a real experiment E
" % Soft objects not detected )
5 * Removal of any jet/lepton softer than some threshold :
pr(€) > 10 GeV, pr(j) > 20 GeV
B Obijects lying outside the detector are not detected
* Removal of any object lying outside the detector acceptance

nO <25,  |n(j)| <25 i

------------------------------------------------------------------------------------------------------
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*We have not simulated any detector response
¢ Object selection relevant for a real experiment E
" % Soft objects not detected E
5 * Removal of any jet/lepton softer than some threshold :
g pr(0) > 10 GeV, pr(j) > 20 Gev
B Obijects lying outside the detector are not detected
: * Removal of any object lying outside the detector acceptance
nO <25,  |n(j)| <25 i
" % Objet overlap removal = isolation }
. *Any charged lepton too close to a et is removed i
AR(¢,j) < 0.4 = remove the lepton

------------------------------------------------------------------------------------------------------
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LHC recasting

: *We have not simulated any detector response
: % Object selection relevant for a real experiment E
" % Soft objects not detected E
5 * Removal of any jet/lepton softer than some threshold :
pr(€) > 10 GeV, pr(j) > 20 GeV
B Obijects lying outside the detector are not detected
: * Removal of any object lying outside the detector acceptance
f O] <25, () <25 ;
" % Objet overlap removal = isolation }
. *Any charged lepton too close to a et is removed E
AR/, j) < 0.4 = remove the lepton . 5

------------------------------------------------------------------------------------------------------

How to get the signal
out of the background?

Summary

Designing collider analyses and reinterpreting the results of the LHC
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100 150 200 250 300 350 400 450 500

E _"-\ 104 | I."I L L | LR L L L L L L E
= - Suggested cut - 5
: o~ _ :
: I . :
, ¢ E 10 = ;
P = :
L8 N :
R 102 — :
; L= 7 :
E 10 — E

------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------

Dataset Integral Entries / events Mean RMS %Underflow | %Overflow
zz 690 1.0 57.9969 47.37
ww 9660 1.0 39.7918 21.81

ttbar 75899 1.0 73.7078 39.9

ommmmmm s ————
P T R R LN e
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LHC recasting

Summary

How to choose a cut!?

* Large signal efficiency
* Small background efficiencies

Dataset Events kept: Rejected events: Efficiency: Cumul. efficiency:
K R K/ (K+ R) K / Initial
zz 640.80 +/- 6.76 49.20 +/- 6.76 0.9287 +/- 0.0098 0.9287 +/- 0.0098
ww 9633.9 +/- 5.1 26.1 +/- 5.1 0.997300 +/- 0.000528 0.997300 +/- 0.000528
ttbar 68826.1 +/- 80.1 7073.9 +/- 80.1 0.90680 +/- 0.00106 0.90680 +/- 0.00106

------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------

= How to compare signal (S) and background (B): S/sqrt(S+B).

M W N W W N W W N W WO OEE g,

Cuts Signal (S) Background (B) SvsB
Initial (no cut) 690 85559 2.35
Cut 6 640.80 +/- 6.76 78460.1 +/- 80.3 2.278 +/- 0.024

Designing collider analyses and reinterpreting the results of the LHC
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" 4 pr of the leading lepton / total hadronic activity ;
E R T 1 T ' T T T T T T T ™ ul| T T T T T - E
" D 104 = i = E
] f 2 0 = o
X — 0 . -~ :
1 | ] 1
LR 0 ' i Cut: HT < 150 GeV :
L= | i
g 5 5
: Z Cut:pr(l) < 125 GeV =
E 0 = E
150 200 250 300 350 400 45050 100 150 200 250 300 350 400 450 500
p.[11(GeVic) H; (GeV)
i % Hr distribution: the signal is hidden (cf. y-axis range), but at low Hr :
. 4 Cutflow chart after a few cuts ‘:
. Cuts Signal (S) Background (B) Svs B E
Initial (no cut) 690 85559 2.35 :
! Cut 6 624.32 +/- 7.71 70481 +/- 110 2.3413 +/- 0.0288 :
: Cut 7 611.39 +/- 8.35 65997 +/- 121 2.3689 +/- 0.0323 :
: Cut 8 562.3 +/- 10.2 18996 +/- 102 4.0209 +/- 0.0727 ;

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 14
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-------------------------------------------------------------------------------------------------------

4 Defining selection cuts
< Barely affecting the signal

—------‘

< Reducing the background

-------------------------------------------------------------------------------------------------------

‘------—

-------------------------------------------------------------------------------------------------------

4 Not excluded signals are hiding in corners of the parameter space

’

% Overwhelming background

% Use of complex variables (e.g. transverse variables, razor)

- E E OE OEm OEOEOm O OE W Wy
- EmEEEEEEEEEEEE e

* Machine learning

-------------------------------------------------------------------------------------------------------
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----------------------------------------------------------------------------------------------------------------

4 Exploit the full potential of the LHC (for new physics)

% De5|gn|ng new analyses ~ problng new ideas Prospectives (based on MC simulations)

¢ Recasting LHC analyses ~ studying new models The LHC legacy

4 Data preservation in high-energy physics is mandatory
* Going beyond raw data ~ analyses

4 Related tools need to be supported by the entire community [ krami et ar. @ricin
®* Both theorists and experimentalists

---------------------------------------------------------------------------------------------------------------

_----------------.
N W N W N OE N NN N NN EEEEEEEESDSSSSs=?
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---------------------------------------------------------------------------------------------------------------

. 4 LHC = discovery machine :
5 * Many ATLAS and CMS searches for new physics :
: » Interpretation within popular frameworks and simplified models (SMS) :
: e e .
: ;500 _l L I L I LI I LI I L L | LI L I LI I L l_ 1800 CMS Pre/iminary 137 fb'1 (13 Tev) . :
E &4 . - ATLAS \s=8TeV,20.3 fb" A 2 pp — 3, G— n;‘: ";'x"éll-lgrof‘r‘\NLL 1 g
1 : 450 — i — : — ~—" '
: E: r Combined 2, 3¢, 41 ’ 90’ _1 600 Observed = 10y, = S
E é 400 :— \\//'// \ N = é 1400/ i Expected = 1 a'nd 2 Ogyperiment E g E
: | \ : 1200}~ IR
- 350 |- = ; S
! | ] B — 10O 1
: = y 1000 > 510 S
: 300 S N K 12
. — Observed limit (+1 thhzzr\\({) 7 800-— q,\@ i g "
Y T T Expected limit (=10,,.) . A | = .
' 250 o ] QA =

] LEP2 7 (1035 GeV) : P ® i
' — Observed limit 21 g 600—_@?" — 10—2& '
; 200 ——— Observed limit 3/ = I
. ——— QObserved limit 4/ 7 400} ] O :
: 150 All limits at 95% CL 1 - ] 2 !
: 200 B 3
: 100 'IIII'IIIII.A4|111|| : B PR ST AT U T N U T T A ;Il:l lilglllll\ _[10—3 : :
' 100 150 200 250 300 350 400 450 500 00 800 1000 1200 1400 1600 1800 2000 2200 :
R 1 GeV e T e E
. 4 Need for reinterpretations in all kinds of models ;

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 18
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4 The SMS-based reinterpretation framework
< Decomposition of all signatures of a theory into SMS signatures
< Fiducial cross sections are calculated on the basis of public efficiency maps
< Comparisons to published upper bounds are made

- OE E W O E WO E W W EE W E W EEEE Ny

4 Main features

2 T . G P 5
5 S | 5
N G TR Ly - % Extremely fast 5
' Experimental; :
5 " Analyses © «% L ow accuracy :
5 g % Different kinematics :
5 * Asymmetric decays
: Combine Compare :
E Topologies with E
; Upper Limits :

-
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i ~‘
: 4 Existing tools: SMODELS (FASTLIM, XQCAT) ;
\ [ Kraml et al. (EPJC’14) ] [ Papucci, Sakurai, Weiler & Zeune (EPJC’14) ] [ Barducci et al. (CPC’15) ] ,:
. --------------------------------------------------------------------------------------------------- ~\
: * Examples :
, [ Edelhauser,Kramer, Sonneveld (j HEP’I5) ] ...... [ Chalons et al. (JHEP’19) ] E
. 1000 | P Dirac gaugino scenario DG1, As = —0.27 : :
' 900l MHT q'“ &{u'“, a) “)} '
' P 25004 00000 o N '
' -like ¢'¥ productlon : 5 !
. goof ke I oooc»:: o :
" o . 0000 . TChiww '
! o 700 IPOINC A D - 000000 O :
: :; ol s R S 20001 o 90000 L :
: 2. " 000000 :
; = 500} , . | S /’ :
: 3 400 * : L EP -..";: :
: = s l‘ 1 7 .‘.‘p ’,/ . :
" 300/ . I OO..'.’. 0o 228 .
: c 1 21000 4 (R :
: 200_“' SUSY'T2 (T2 11(?) Y i 8- ‘ ‘ x ! ‘ ’ ‘ 1
' __correct Ae 5 S '
: 100 : : : - S — o '
' 00 700 800 900 1000 1100 1200 1300 1400: : 500 4 '
. myn [GeV] P , | '
! 500 1000 1500 2000 2500 3000 :
' Limitations (using SMODELS): gluino mass [GeV] :
: SUSY versus UED ' Dirac gauginos with SMODELS :

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 20
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4 Plethora of new physics realisations deserving to be studied

< Experimentalists cannot study all options

< SMS often not sufficient
~ detector simulator mimicking ATLAS and CMS
~ framework for LHC analysis re-implementations

‘----------------.~
--- e E E O EEEEEEEmom =
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Introduction Analysis design Summary

4 Plethora of new physics realisations deserving to be studied ;
:  <¢ Experimentalists cannot study all options
.« SMS often not sufficient
~ detector simulator mimicking ATLAS and CMS
X ~ framework for LHC analysis re-implementations ;
" 4 Another recasting strategy ‘
\ Signal events
S (STDHEP or HEPMC format) < 2 options for detector effects
e me————— 'runed!;tector Physics * DELPHE? 3 /PGS . .
ST ( s,mu,at,on ] Analysis (resolutions, efficiencies, etc.)

W/ Database % RIVET / MADANALYSIS 5

(transfer functions)
D)» Recast selectlon
Numbers ofidata and 1
backgroung events Limit computation J

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 21



Introduction Analysis design Summary

L4 .

4 Detector simulation
¢ Starting point: hadron-level MC information

% Extraction of calorimetric and track information >

¢ Object reconstruction with efficiencies and smearing
* Information on isolation, etc.

WE BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN SN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN N BN BN BN BN BN BN BN BN BN BN BN BN BN M M B W Ny
A mE W BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B W =
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L4 .

4 Detector simulation
¢ Starting point: hadron-level MC information

% Extraction of calorimetric and track information

¢ Object reconstruction with efficiencies and smearing
* Information on isolation, etc.
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L4 .

. 4 Detector simulation E
: ¢ Starting point: hadron-level MC information :
: ¢ Extraction of calorimetric and track information :
: ¢ Object reconstruction with efficiencies and smearing 5
: % Information on isolation, etc. :
L T — e E
! - = = CheckMATE . . '
. #  ATLAS : : EfflClency 1 "
: | | = !
' : 0-95 —t— 2.05 .0.9 :
E > ool +FH"+—}— : : —0.8 E
' = T 1.556-2 —0.7 '
: 5 o 0,6 :
E = 0.85 ;’P 1.442-1.556 —0.5 .
: ' + 04 :
: v | e s Ml 2 o :
; 0 75— Tt | | | o 008 20003 0002 20002  +o.002 (MO :
: 20 20 40 60 80 >80 o 15120 50.25 5530 0 ;
: p, (GeV) Electron P, (GeV) "
Medium electron efficiency Soft electron efficiency in
: in CHECKMATE MADANALYSIS 5 (SFS) and RIVET 5
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4 Using DELPHES: CHECKMATE and MADANALYSIS 5

[ Drees et al. (CPC’14); Derks et al. (CPC'17) ] [ Dumont, BF, Kraml et al. (EPJC"15); Conte & BF (IJMPA"19) ]

4 Using transfer functions: RIVET, GAMBIT and MADANALYSIS 5

[ Buckley et al. (CPC'13)] [ Balazsetal. (EPJC'17)] [ Araz, BF & Polykratis (to appear) ]

‘ 4 CONTUR: Standard Model searches rButterworth et ar. ]

---------------------------------------------------------------------------------------------------------

o EE ...
L R R R R R L R E s
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;' + Using DELPHES: CHECKMATE and MADANALYSIS 5 :
: [ Drees et al. (CPC’14); Derks et al. (CPC'17) ] [ Dumont, BF, Kraml et al. (EPJC’ 15); Conte & BF (IJMPA'19) ] E
. 4 Using transfer functions: RIVET, GAMBIT and MADANALYSIS 5 E
: [ Buckley et al. (CPC'13)] [ Balazsetal. (EPJC'17)] [ Araz, BF & Polykratis (to appear) ] E
. 4 CONTUR: Standard Model searches [Butterworthetar.] ;
-1000 g
—&— CMS * Example: LH 2019
- MA Delphes
MA Jet »» CMS-SUS-16-048
100 Tene ~ *% SUSY with soft leptons
Gambit ~sleptons/ewkinos

= ADL

»* Reasonable agreement
with CMS :

10

‘t\'_'\' - Crucial to have different frameworks
= (transfer functions work better)
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[ Belanger et al.(PRD’15) ] : 4007 . . ; . . .
my+ = 150 GeV ; - ATLAS—SUSY—2013-05 (b b7} )

350

ATLAS vs. MADANALYSIS 5

300|

e —: 250} .
& L
{153 i % !
SR [
Lo O 200
11 I
: < [
io's E 150f ]
| | | l K, 0 100} 1
100 120 140 160 180 200 : : \‘
, g — ATLAS result
ma (GeV) . SOf __  +1,5 ATLAS 1' -

: : |
Constraining the inert Higgs doublet model —  MAS result :

with SUSY searches and MADANALYSIS 5 %00 200 300 400 500 600 700 800

o MM M M M M M M M M M M M M M M M M M M M M M MMM Em o g,
]
L N N N N N N .
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CMS PAS SUS 12009

Signal events
CMS Physics Analysis Summary (STDHEP or HEPMC format)

| |

Physics

Tuned detector simulation

~ , Analysis
Database

v | = >> \ Recast selm l m

Q

A

k

Numbers ofidata ang
backgrounj gvents Limit computation ]

e

— «

How easy is it to implement
(and validate) an LHC analysis?

M B B BN BN N B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B M B B W M W W E Em mEmmmom P
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---------------------------------------------------------------------------------------------------------------

4 Picking up an experimental publication e |
i ¢ Reading Relatively easy
. % Understanding T ,5

---------------------------------------------------------------------------------------------------------------
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---------------------------------------------------------------------------------------------------------------

| 4 Picking up an experimental publication e |
i ¢ Reading Relatively easy
. % Understanding A 5
. 4 Writing the analysis code in the tool internal language Relatively easy

---------------------------------------------------------------------------------------------------------------
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Introduction

Analysis design

---------------------------------------------------------------------------------------------------------------

4 Picking up an experimental publication E

% Reading |

-------------------------------------------------------------------------------------------------------------

. 4 Writing the analysis code in the tool internal language Relatively easy :

4 Getting accurate information for a proper validation }

i ¢ Efficiencies (trigger, electrons, muons, b-tagging, JES, etc.) S
* Including pt and/or 17 dependence . 4\ Essential

% Detailed cutflows for some well-defined benchmark scenarios % Often difficult! :
* Region per region information — - E— - ¥
* Exact definition of the benchmarks (spectra) -~ Discussions with
* Event generation information (cards, tunes, etc.) __experimentalists

. < Digitised histograms (e.g. on HEPDATA)
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Analysis design

Summary

---------------------------------------------------------------------------------------------------------------

4 Picking up an experimental publication . ;
% Reading |

-------------------------------------------------------------------------------------------------------------

. 4 Writing the analysis code in the tool internal language Relatively easy :

4 Getting accurate information for a proper validation }

i ¢ Efficiencies (trigger, electrons, muons, b-tagging, JES, etc.) S
* Including pt and/or 17 dependence . 4\ Essential

% Detailed cutflows for some well-defined benchmark scenarios % Often difficult! :
* Region per region information — - E— - ¥
* Exact definition of the benchmarks (spectra) -~ Discussions with
* Event generation information (cards, tunes, etc.) __experimentalists

. < Digitised histograms (e.g. on HEPDATA)
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Introduction Analysis design Summary

" 4 CMS search for dark matter in the ttbar + MET channel
< Dileptonic final state
< Cutflows and Monte Carlo information for given benchmarks

4 Validation at a very good level, cut by cut

ot (mg. my) = (750, 1) GeV (mz,ms) = (600,300) GeV
: CMS MAS CMS MAS5
E n(OS pore)= 2 - . - } E
My > 20 GeV 0.99 0.99 0.99 0.97
'my —my| > 15 GeV 0.95 0.94) 0.89 0.89
N; > 2 0.87 0.93) 0.85 0.89
N, > 1 0.73 0.84) 0.83 0.83
EMSS 5 80 GeV 0.94 0.95 0.89 0.88
S > 5GeV'/? 0.98 0.92 0.96 0.91
: ¢ < 0.80 0.9 0.97 0.92 0.97
ey < 0.96 1.0 0.96 1.0 0.94
Moo (£10,) > 140 GeV 0.49 0.42 0.17 0.16
E All cuts 0.24 0.25 0.083 0.075
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--------------------------------------------------------------------------------------------------

4 Re-implementations can be uploaded on INSPIRE
* DO are assigned ~ citations, INSPIRE searches, etc.

ntormation [([ Gations @ ¥ Files are versioned, can be downloaded
Madanalysis5 implementation of CMS-SUS-17-001

Bein, Samuel; Choi, Soo-Min; Fuks, Benjamin; Jeong, Soomin; Kang, Dong Woo; Li, Jinmian; Sonneveld, Jory

Description: Cite as: Bein, S., Choi, S.-M., Fuks, B., Jeong, S., K D W._LiJ 018).
Madanalysis5 implementation of CMS-SUS-17-001 code_doi: 10.7484/INSPIREHEP.DATA.MMM1.876Z
Record added 2018-04-16, last modified 2018-11-23
DOI and citations

MM M M M O M M M M M M M M M M M M M M M M M M M MM EEE N
N a m EEEEEEEEEEEEEEEEEEEEEEEEEEEE e Em ==

--------------------------------------------------------------------------------------------------

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 28



Introduction Analysis design Summary

\

"4 A database with MADANALYSIS 5 implementations of LHC analyses exists
% http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase

CMS analyses, 13 TeV

Analysis Short Description Implemented by Code alidation note Wersion
CMS-5US-16-033 Supersymmetry in the multijet plus missing energy channel (35.9 fb-1) F. Ambrogi and J. Sonneveld Inspire 1.7/Delphes3
CMS-5US-16-039 Electroweakinos in the SS2L, 3L and 4L channels (35.9 fb-1) B. Fuks and S. Mondal Inspire 1.7/Delphes3
CMS-5US-16-052 SUSY in the 11 + jets channel (36 fb-1) D. Sengupta Inspire 1.6/Delphes3
CMS-5US-17-001 Stops in the OS dilepton mode (35.9 fb-1) S.-M. Choi, S. Jeong, D.-W. Kang, J. Li etjal. Inspire 1.6/Delphes3

CMS-EXO-16-010 Mono-Z-boson (2.3 fb-1) B. Fuks Inspire
CMS-EXO-16-012 Mono-Higgs (2.3 fb-1) S. Ahn, J. Park, W. Zhang Inspire
CMS-EXO-16-022 Long-lived leptons (2.6 fb-1) J. Chang Inspire
CMS-TOP-17-009 SM four-top analysis (35.9 fb-1) L. Darmé and B. Fuks \ Inspirg

/N

Validation information
(cutflows, distributions, etc.)

1.6/Delphes3

1.6/Delphes3 :
1.6_tracks/Delphes3 :
1.7/Delphes3 :

card for CMS-EXO-16-010 and CMS-SUS-17-001
Delphes card for CMS-EXO-16-012

Delphes card for CMS-SUS-16-039 0

Delphes card for CMS-SUS-16-041 Dedicated
Delphes card for CMS-SUS-16-052

Delphes card for CMS-TOP-17-009 DELPHES cards Code from INSPIRE

WE NN BN NN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN BN BN AN AN BN BN BN BN BN BN BN W M
N mm EmEm Em E E E W W N S S M S O M M M B M M B BN B BN BN N BN BN M BN B BN BN M N B B M M M MmO mom P

¢
A3
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Introduction Analysis design Summary

[ Colucci, BF, Giacchino, Lopez Honorez, Tytgat & Vandecasteele (PRD’18) ]

-------------------------------------------------------------------------------------------------------------------------

L= Loy + Liin + [gt S TPpt + h.c.}

< Multijet and top-antitop plus MET probes

‘---------~
- W O E W O EE W EE W EEEm s

-------------------------------------------------------------------------------------------------------------------------
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Top-=-philic scalar dark matter at the LHC

[ Colucci, BF, Giacchino, Lopez Honorez, Tytgat & Vandecasteele (PRD’18) ]

-------------------------------------------------------------------------------------------------------------------------

L= Lo+ Liin + [gt S TPpt + h.c.}

% Multijet and top-antitop plus MET probes :

< Multijet probes
* Monojet-inspired (at least one very hard jet) :
* Loss of sensitivity < decay phase space :

- * General features :
Y * It must be larger than Aqcp (no LLP)
5 0 * Bounds independent of the Yukawa 5
: % ~ monojet production negligible :
'O 100

Voo

iE

< Top-antitop plus MET
* Well adapted to our topology
* Best constraints (and chance of discovery)

200
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P

. 4 A simplified model for top-philic dark matter
i ’z‘A dark Sector With a fermionic dark matter Candidate X ....................................................... t ..... i
“* A (scalar) mediator Yo linking the dark sector and the top v X
. [ Skl A LYo :
i EZ?X (gtyTtt—l-gXXX)Yo <X E
... Could be probed with te+MET events (CMS-B2G: 14- .0.9.‘!)..‘".";''.'".";''.'".";''.'"_";''.'"_";''.'".";''.'".";'1f".":iE
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P

4 A simplified model for top-philic dark matter
% A dark sector with a fermionic dark matter candidate X ¢y o

+*A (scalar) medlatorYo Imkmg the dark sector and the top v < X
il et s .

s EEEEEEEEEEEEEEsEE S

r—

AII points ? < § : ’ | i

_ 5 LO > i ! AII points 5 ‘

. Excluded points (68% CL) 1 i | ... Excluded points 6s% cy|  INEO

23011 ... Excluded points (95% CL) | """"""""" ; 250} ... Excluded points (95% CL) | e >

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

..................................................................................
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Analysis design

(my, mx) ot bl [ ClLio [%] )onto [pb] [ Clavo [%])
I (150, 25) GeV  0.6587355% | 98.719.8% 1 0.77318\% | 95.0127%
II (40, 30) GeV  0.7767332% | 74.77197% 10.92675 7% | 84.2+04%
IIT (240, 100) GeV ~ 0.187F372% | 91.61%'% 1 0.2167%7% | 86.5155%

< An excluded point (95% CL) may not be excluded when accounting for errors

“*® The CLs nhumber can increase / decrease at NLO

* The error band is reduced

Summary

C mEmEEEEEEEEEE N NN EEE NN NN NN NN NN NN N E
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[ Araz, Frank & BF (1910.11418) ]

-----------------------------------------------------------------------------------------------------------------

. 4> Constraining gluino pair production and decay @ LHC
i *NLO impact on the shapes of the distributions
% Impact on the limits?
< Impact of the theory uncertainties!?

-----------------------------------------------------------------------------------------------------------------
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*Constramlng gluino pair production and decay @ LHC
< NLO impact on the shapes of the distributions

% Impact on the limits?
< Impact of the theory uncertainties!?

L g

-----------------------------------------------------------------------------------------------------------------

§Recastlng ATLAS multijet + MET analysis (ATLAS SUSY 2016-07) :
. % Left: reproduction of the ATLAS results (LO-merged; OnwunLo) with NLO signals
: %Right: extrapolatlon for HL-LHC ~ |mpact of the errors 5
P — T e —— — s
] e S e B e .
: BooRp L. 95% CL.s, With Scale Variation ] = = 95% CL.y, with Scale & PDF Variation :
: 1200+ ;== 95% Cle, with Scale & PDF Variation 1 102 ,
3 g 3 ;
E YO E
E . 0.5 10 15 2.0 2.5 : E
' mg [TeV] [ MADANALYSIS 5 ] :

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 33



Introduction Analysis design LHC recasting

A Y
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L4

D R R R I R N L L
D S,

Designing collider analyses and reinterpreting the results of the LHC Benjamin Fuks - 19.11.2019 - 34



Introduction Analysis design LHC recasting

----------------------------------------------------------------------------------------------------------------

. 4 Designing analysis at collider is an art
. < Current constraints ~ BSM is hiding
% Use of clever methods to suppress the backgrounds (without killing the signal)
* Machine learning is routine

. 4 The LHC legacy
< It is crucial to be able to reinterpret the LHC results in any theoretical context
< This is a very active field of the last few years: several tools are available

< Reproducibility is the ability of an entire experiment to be reproduced,
(possibly by an independent theoretical study)

----------------------------------------------------------------------------------------------------------------
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