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The Compact Muon Solenoid

Johan S Bonilla Castro (Northeastern)

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0 m Pixel (100x150 um?) ~1.9 m* ~124M channels
Overall length -28.7 m Microstrips (80-180 pm) ~200 m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

agnetic field : 3.8

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, S76 Resistive Plate Chambers

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

CRYSTAL
ELECTROMAGNETIC

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

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels
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The Compact Muon Solenoid

CMS DETECTOR STEEL RETURN YOKE
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The Compact Muon Solenoid

* High resolution silicon
tracking in|n| < 2.4

Johan S Bonilla Castro (Northeastern)

CMS DETECTOR STEEL RETURN YOKE
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e Excellent, Robust Muon System
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The Compact Muon Solenoid
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Endcaps: 540 Cathode Strip, S76 Resistive Plate Chambers
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Detecting Particles

in CMS

Johan S Bonilla Castro (Northeastern)

Transverse (¢)

plane

Transverse slice
through CMS

Key:

fuon
Electron

s _harged Hadron (e.g.Pion)
— — — - Neutral Hadron (e.g. Neutron)

= =« e+ Photon

N g
77777,
Silicon / I

-"::'r» v
Tracker & ﬁf\f"r &
NG
NE
- -4
Electromagnetic
Calorimeter -~
Hadron
Calorimeter
om im

an
.-..

Superconducting
Soleroid

Iron return yoke interspersed
with Muon chambers

M &m m

JINST 12 (2017) P10003



http://dx.doi.org/10.1088/1748-0221/12/10/P10003

Detecting Particles
in CMS

Key; tAuon
El
Tra NSVETSE (¢) — Cﬁac:;c;r:i Hadron {e.g.Pion)
Tracker p I ane :.—.: : IF:JE:::;I Hadron (e.g. Neutron)

Momentum of charged particles
(=, =, n5, K¥)

Transverse slice
through CMS

1] 2 H
‘ =1 u:ﬂﬂu:
il &
il o BN il
e e - P
Silicon 0// /‘_.__:E‘, | 4
Tracker F/ 3‘\:}.\-;::,3" g —_n i
¢ :,\f":~..!'
\\:;-":-*’:i-:{'-',." I8s
WA M T .
- 3 ' i HH
Electromagnetic (UL
Calorimeter -~
scacls?
Hadron L B
Calorimeter Superconducting L
Soleroid i
Iron return yoke interspersed
with Muon chambers T
o im n 3m M =m ém m

Johan S Bonilla Castro (Northeastern) 4 JINST 12 (2017) P10005


http://dx.doi.org/10.1088/1748-0221/12/10/P10003

Detecting Particles
in CMS

Key; tAuon
El
Tra NSVETSE (¢) — Cﬁ;:;er:i Hadron {e.g.Pion)
Tracker p I ane :.—.: : Eﬁg:;l Hadron (e.g. Neutron)

Momentum of charged particles
(=, =, n5, K¥)

Transverse slice
through CMS

EM Calorimeter: I
Energy of EM showers
+ _0 0 | I
y.e , " — yy, K) : il
- - i
Hadronic Calorimeter: Ay & ~ 1
' Silicon 0/ T . i
Energy of hadronic showers 2ilcon [ By SR |
+ ~+ 0 Q‘“\\" o
(ﬂ 5 K 5 K 9 p 5 n) oy . Il
Electromagnetic I(lf
Calorimeter -
Hadron bHH FHH
Calorimeter Superconducting ) HHH B
Soleroid LU
Iron return yoke interspersed
with Muon chambers il
om im an 3m M M &m m |

Johan S Bonilla Castro (Northeastern) 4 JINST 12 (2017) P10005


http://dx.doi.org/10.1088/1748-0221/12/10/P10003

Detecting Particles
in CMS

Key; tAuon
El
Tra NSVETSE (¢) — Cﬁ;:;()er:i Hadron {e.g.Pion)
Tracker p I ane :.—.:: gssfgl Hadron (e.g. Neutron)

Momentum of charged particles
(=, =, n5, K¥)

Transverse slice
through CMS

EM Calorimeter:
Energy of EM showers

(v, e*, 1" = yy, KO)

I H:Lu[u-:
------ ]

Hadronic Calorimeter: ‘

Energy of hadronic showers 2ilcon (o I8y o HIfH

+ + 0 \Q‘“"" UL L
(7[ ’ K ° K 9p9 n) ) 2 i~ L
Electromagnetic U UL

Calorimeter -

Muon Spectrometer N i
Momentum of surviving minimal Calorimeter ¢ onducting It
|On|Z|ng (Charged) part|C|eS, |e muons soleroid Iron return yoke interspersed 1

with Muon chambers T
om im n 3m | 5m &m 7|'ll

Johan S Bonilla Castro (Northeastern) 4 JINST 12 (2017) P10005


http://dx.doi.org/10.1088/1748-0221/12/10/P10003

Jets, jets, jets!

Capturing Hadronic Showers

\ Particle Jet Energy depositions

P In calorimeters

Johan S Bonilla Castro (Northeastern)



Jets, jets, jets! — _% +
Capturing Hadronic Showers }A ___________________
\ Particle Jet Energy depositions

P In calorimeters

Olnput: Calorimeter + Tracking info
—> ParticleFlow: Individual final-state particles’
4-vectors and other measured characteristics

Johan S Bonilla Castro (Northeastern)



Jets, jets, jets! — _% +
Capturing Hadronic Showers }A ___________________
\ Particle Jet Energy depositions

P In calorimeters

Olnput: Calorimeter + Tracking info
—> ParticleFlow: Individual final-state particles’
4-vectors and other measured characteristics

OClustering Algorithm of Choice: anti-kt
—> Soft grouped onto hard objects

—> Yields circular jets (simplifies calibrations)

—> Greedy: Leading ‘eats’ all within R-param

—> R-parameter: 0.4 (resolved partons) f
AR=y/@n?+@$?* 1.2 (boosted decay)

M. Cacciari, G. Salam, and G. Soyez

Johan S Bonilla Castro (Northeastern)


https://arxiv.org/pdf/0802.1189.pdf

Physics of a Top Quark Decay

Top quarks decay very quickly

t->b+W (W can decay to quarks or leptons)

b e; U; T,
,
W+
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t->b+W (W can decay to quarks or leptons)
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But Who Cares?
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Lagrangian of the Standard Model
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1an of the Standard Model
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Lagrangian of the Standard Model

Symmetry Magazine
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M Y
: ((l’\“ 'dy) + X (()2 — MH)Xt+X(0° — M) X~ + X%9?% -
B)XTLY Y +ige, W, (0,5°X~0, X" XO) +igs, Wy (0,7 X -
0,:. X*Y) +ige, W, (0, X~ X% — 9, X°X ) +igs, W, (9, XY —
0 Y X™) +igewZ 3(0 XtXt — 0, X" X7) +igs,Au (0, X T X+ —

0,X" X") — lqM[Xﬂ\'*l-[ + XX H+ 3 X°X°H] +
E2uigM[X+ X0+ — X~ X% ] + 5z igM[XOX ¢+ — XOX+¢7] +
igMs,[X°X ¢t — XOXt¢7] + LigM[XTX+¢° — X~ X~ ¢)


https://www.symmetrymagazine.org/article/the-deconstructed-standard-model-equation?language_content_entity=und

Lagrangian of the Standard Model

i IDY + h.c
+  YiYij Y@ + h.c
+ |Duo|® — V(9)
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Overview of Theoretical and Experimental Motivations

— (Can be singlets, doublets, triplets, ... O

Many extensions of SM have VLQs 0 "
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Vector-Like Quarks

Overview of Theoretical and Experimental Motivations

Many extensions of SM have VLQs 0 ”
— (Can be singlets, doublets, triplets, ... Ol = ( lé’R) ¢ = (¢o>
— Mass from mixing, not Higgs (Yukawa) SLr ?

— Mechanism to stabilize Higgs mass !

—A;4,0r — AgtpI + h.c
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- A ARY™V
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— Higgs properties align with SM l

=> VLQs compatible w/ constraints
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Production Modes of Vector Like Quarks
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— |n association w/ t/b + quark

~ 6

. JHEP05(2022) 093 b |

12

Johan S Bonilla Castro (Northeastern)


http://dx.doi.org/10.1007/JHEP05(2022)093

Production Modes of Vector Like Quarks

— |n association w/ t/b + quark

Pair-Production: Strong R
— Four massive (boosted) bosons JHEP 05 (2022) 093 11 |
and 3rd generation quarks B
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http://dx.doi.org/10.1007/JHEP05(2022)093
https://cds.cern.ch/record/2809519

— |n association w/ t/b + quark

l[arXiv:2107.12402]

Pair-Production: Strong R
— Four massive (boosted) bosons JHEP 05 (2022) 093 11 |
and 3rd generation quarks e ——

Recent non-minimal mechanisms
e.g. Chromo-magnetic moment
=> gluon-t/b-T/B vertex
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Jet Tagging in CMS

Evolving Architectures During Run 2
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Boosted Event Shape Tagger

Key Idea: Boost jet constituents into
hypothetical rest frames

ﬁ .*+  — labframe: jet constituents merged into
fat-jet cone of R=0.8
Boost to
. rest frame :
Jet . — Calculate Boosted Event Shape (BES) vars
ﬁ : in each hypothetical frame:
— Fox-Wolfram moments
| . — Sphericity tensor
W/Z/H jet el — invariant masses
— Jet substucture
— And more!
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BESTagger Architecture

Improvements wrt B2G-18-005
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BES vars
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More nodes since more BESvars
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Jet Images
Representing 3D -> 2D
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Jet Images

Representing 3D -> 2D

Cylindrical
Projection
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Jet Images
Representing 3D -> 2D
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Jet Images
Representing 3D -> 2D
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Projecting forces a choice of granularity and transformation

Note: 31x31 ~1k pixels for relatively small (~30) occupancy
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More Flexible Data Representation

Application of Point Cloud Transformers?

O Point clouds are graph networks
relating edges between input features
of vectorized data
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More Flexible Data Representation

Application of Point Cloud Transformers?

PCT (2x)
O Point clouds are graph networks (i NBUT
relating edges between input features Tl T Y Eggecom
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More Flexible Data Representation

Application of Point Cloud Transformers?

O Point clouds are graph networks
relating edges between input features
of vectorized data

O Transformer -> attention mechanism

OPCT outperforms Image (CNN) network
— k-nearest-neighbors: Ay, A¢ with respect to jet
— Further optimizations could be done
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PCT (2x)
INPUT DATASET
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| INPUT
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‘ |
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* |
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More Flexible Data Representation

Application of Point Cloud Transformers?

O Point clouds are graph networks
relating edges between input features
of vectorized data

O Transformer -> attention mechanism

OPCT outperforms Image (CNN) network
— k-nearest-neighbors: Ay, A¢ with respect to jet
— Further optimizations could be done

Oldea: Integrate BES vars into multi-frame PCT
— Generalize ‘order’ of constituents for clustering
— Take advantage of ‘order’ of frame boosts,
l.e. my, < my, < m, < my < m,
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BEST Outlook

Average ROC Curves

Full Run 2 data brings ~3.8x more data 1.0 -
— ~2X Increase in sensitivity due to stats
— Further improvements with tagger .
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BEST Outlook

Full Run 2 data brings ~3.8x more data
— ~2X Increase in sensitivity due to stats
— Further improvements with tagger

Tagger development continues
— BES vars powerful, saturating learning
on physics-driven high-level variables
— Data representation crucial,
generalization is key!
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BEST Outlook

Average ROC Curves

Full Run 2 data brings ~3.8x more data 1.0 -
— ~2X Increase in sensitivity due to stats

— Further improvements with tagger 0.8 -

Tagger development continues

— BES vars powerful, saturating learning
on physics-driven high-level variables

— Data representation crucial,
generalization is key! 0.2 5

O
o

True Positive Rate
o
S

: 142BEST+Jetlmages
(area=0.94)

. 29-var BEST (area=0.92)

—— 42-var BEST (area=0.93)

Aiming for publication by end of year

— Planned combination with semi-leptonic channels
— Possibly first LHC results for VLQs @ NLO
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BESTagger Architecture

Improvements wrt B2G-18-005

Inputs

519

=B
/

264
BES vars

More BES vars and

additional frames

More nodes since more BESvars
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Shape-Matching in p;

The BEST Approach to Flattening

> Foreach p_bin(20 GeV):
> |dentify process with the fewest events
> For the other 5 processes, begin randomly dropping events
m Continue until they match the process with the least events
> Now, the p_ distribution for all 6 processes will have identical shape

120000 A

[ 1 QCD [ HH
1 BB 1 Z7Z
L1 TT 1 WW

1 QCD [ HH
1 BB 1 Z7Z

1 TT 1 WW 100000 -
400000 -

p, Distribution of 2018

p, Distribution of 2018 80000 BEST Input Data (GeV)

300000 - BEST Input Data (GeV)
60000 -
Shape-Match
40000 -

20000 -

200000 -

Samantha Abbott
JMAR 14 June 2022

100000 A B | ‘H‘

“ll"‘ﬁ.-:-i===?“w?~_

\
1S

Training Cutoff: 2,000 GeV

0 T I I 1 | ! I ! 0 T T T T T T T T
500 750 1000 1250 1500 1750 2000 2250 2500 500 750 1000 1250 1500 1750 2000 2250 2500

pT (GeV) pT (GeV)
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https://indico.cern.ch/event/1168044/#6-best-tagger
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Search for Vector-Like Quarks using
the Boosted Event Shape Tagger
in the All-Hadronic Channel
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Search for Vector-Like Quarks using
the Boosted Event Shape Tagger
in the All-Hadronic Channel

All-Hadronic Channel
— At-least 4 large-R Jets

— pt > 400 GeV, |n| < 2.4
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Search for Vector-Like Quarks using
the Boosted Event Shape Tagger
in the All-Hadronic Channel

All-Hadronic Channel
— At-least 4 large-R Jets

— pr> 400 GeV, |n| < 2.4

Analysis Strategy
— Tag 4 jets w/ BEST
— Classify event into Signal Region
— Search for excess events

at high H; = Z | Prl
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Search for Vector-Like Quarks using
the Boosted Event Shape Tagger
in the All-Hadronic Channel

All-Hadronic Channel
— At-least 4 large-R Jets

— pr> 400 GeV, |n| < 2.4

Background Estimation
— QCD: Data-driven control region
— V+dets, dibosons, ttbar, ttV, 4t

_ shapes from simulation
Analysis Strategy

— Tag 4 jets w/ BEST
— Classify event into Signal Region
— Search for excess events

at high H; = Z | Prl
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BEST Performance Improvements

flattened 2017 Normalized Confusion Matrix

Confusion matrix

j 0.03 0.03 0.02 0.05 0.11 | 0.72 YWe 0.74 0.17 0.01 0.02 0.02 0.04 . g
LO 0.64
) wl 0.09 BOK:PA 0.22 0.01 0.04 0.02._ 0.56 Z - 0.6 %
- 0.5
| 3 zLoo08 015 n 0.07 0.07 0.03._ 0.48 g Higgs 1 : N
Q0
oo g 40.40 é 0os O
1|— S H[005 001 005 “ 0.10 0.09 | 10.32 ’ E  Top- O
C U . 0.3 |
) |, AREFUL with classes!! |
Q\l tL 0.08 0.03 0.04 0.06 E¥yFAE 0.06 | Bottom - 02 Q\J
10.16
|
m bl 0.24 0.03 0.03 0.05 0.09 MES 10.08 QcD A - 0.1 CD
S0 v R 9 %

Predirted |Iahel 23
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BEST Performance Improvements

41.53 fb' (13 TeV)

o 35.9 b (13 TeV) R —
()] — o —
- = c —  Prelimina — —
¢ “Fems 85G-18-005 ;" B2G-22-007 ANV2
c - Preliminary % 14
Q 1= S =
®© = — | - ' O -
O - — -
% 1071 = _— : ﬁ 107" g—‘—‘__:___‘
o L __—— - | s
—W Z CAREFUL with colors!! | o
10 = 10_2:_ - Higgs
- —H b - W
i —t — Light flavor - s
10_3 5601 ] ] .IIOIOOI ] ] 1151001 1 1 1201001 ] IJIZSIOOI IGI %/O-OO 10_3 5(|)0| ] | |1O|OO| ] ] 115|00| ] ] |20|00I l ] 125|00IA}I<8 :Jetlp3000
et pT[ eV] :

flattened 2017 Normalized Confusion Matrix

Confusion matrix

J‘ 0.03 003 002 005 0.11. 0.72 w . (;
@) 0.64
O  w| 009 NUZE 022 001 004 0.02_ 0.56 Z 0.6 %
- 0.5
|l 5 z|Lo0o08 015 N 0.07 0.07 0.03 048 3 Higgs 1 -
QO
w g 10.40 é 0s O
1|— S H[005 001 005 “ 0.10 0.09{ | 1032 ’ S Top- (@
C U . 03
O, l... AREFUL with classes!! &
| 0.08 0.03 0.04 0.06 MOWFE 0.06 _ Bottom - - 0.2
N o\
M 10.16 I
bl 024 0.03 0.03 0.05 0.09 M {0.08 QCD - - 0.1 (D
S &l ’\l/ Ql\ < 0 %

Pradirted lahel 23
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Subdominant BGs well-modeled,
shape/yield from simulation

Background Estimation
Tagging Rates in Data-MC for QCD

1 CMS Preliminary 2017 (13 TeV)
- L L L L
. 1oL 41.53 fb™' (13 TeV) ol |
5 - CMS w2z
S —  Preliminary .o HWW
?g - : | B ttZdets
= 1 Bl ttWlets
i - | W Zlets
© - Bl ttbar
u | _ : ] B Wdets
N - QCD
10 E___;’I:i:-—: —— z ] { Data
2—. — QCD
10° = _tHcfgg , |
é =
i rkal 4 )
10—3 | ] | | ] | ] | ] | | ] | ] | | | | ] | | | | | | g L ® 5 e e®ee e ¢+I |
500 1000 1500 2000 2500 3000 ol e L
AK8 Jetp_ 2000 4000 6000 8000 10000
HT
ex (Pr) = N Measure tagging rate in QCD-rich region to obtain weights for multi-jet BG
rot
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.072001

lllustrative Example of BG Estimate

O Goal: Estimate amount of QCD to expect, only with data

O Key Idea: Use QCD-dominant regions to ‘turn mistag rate’ into probability
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lllustrative Example of BG Estimate

O Goal: Estimate amount of QCD to expect, only with data

O Key Idea: Use QCD-dominant regions to ‘turn mistag rate’ into probability

P(data=QCD) => P(QCD->126 regions)
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lllustrative Example of BG Estimate

O Goal: Estimate amount of QCD to expect, only with data

O Key Idea: Use QCD-dominant regions to ‘turn mistag rate’ into probability

P(data=QCD) - P(QCD'>1 26 regic)ns) P(R], for J=2Q1t1W) = p%P(QCD->I)
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lllustrative Example of BG Estimate

O Goal: Estimate amount of QCD to expect, only with data

O Key Idea: Use QCD-dominant regions to ‘turn mistag rate’ into probability

P(data=QCD) - P(QCD'>1 26 regic)ns) P(R], for J=2Q1t1W) = p%P(QCD->I)

= P(QQtW) + P(QWQ) +9 others
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lllustrative Example of BG Estimate

o0 Goal: Estimate amount of QCD to expect, only with data

O Key Idea: Use QCD-dominant regions to ‘turn mistag rate’ into probability

P(R;, for j=2Q1t1W) = ¥ P(QCD->i

perm

= P(QQtW) + P(QWQ) +9 others

P(data=QCD) => P(QCD->126 regions)

41.53 b (13 TeV)

e - CMS
—  Prelimina

P(QCD->QQtW) =
- | P(Q->Q)"P(Q->Q)*"P(Q->1)*"P(Q->W)
m;;; S = e(Q|pre(Q | pr)et| pr3)e(W|pr4)

Clas

-2 QCD
10 — — Higgs
— op

-3
10 5
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lllustrative Example of BG Estimate

o0 Goal: Estimate amount of QCD to expect, only with data

O Key Idea: Use QCD-dominant regions to ‘turn mistag rate’ into probability

P(R;, for j=2Q1t1W) = ¥ P(QCD->i

perm

P(data=QCD) => P(QCD->126 regions)
= P(QQtW) + P(QWQ) +9 others

41.53 b (13 TeV)

10 £

P(QCD->QQtW) =
- | P(Q->Q)"P(Q->Q)*"P(Q->1)*"P(Q->W)
m;;; S = e(Q|pre(Q | pr)et| pr3)e(W|pr4)

- - 4
102 | :?Eﬂ _
: s r = €x (pT,i)

events permutaions i1=1

Clas

-3
10" 500 1000 1500 2000 2500 3000
AKS8 Je
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lllustrative Example of BG Estimate

o0 Goal: Estimate amount of QCD to expect, only with data

O Key Idea: Use QCD-dominant regions to ‘turn mistag rate’ into probability

P(R.. for j=2Q1t1W) = 3 P(QCD->i
P(data=QCD) => P(QCD->126 regions) K, Tor j=2Q1t11W) ,E; (QCD->i)

= P(QQtW) + P(QWQ) +9 others

0 41.53 fb" (13 TeV)
§ = cms
S Preliminary
; P(QCD->QQtW) =
2 e
c_U —
®)

: | | P(Q->Q)*P(Q->Q)*P(Q->t)"P(Q->W) S’ = I oEmoane
CBesnim = e(Q|pr.)eQ 1 pro)et| pra)e(W|pry) Y .I'W .
T _

- -2 B u i .
B 4 10 ‘ iy - 1,k '™ . N
- L L 1 L J E
— \ ] + " . E
-3 - L i - u i
o QcD 10 ‘ I . 1 [
10° E — Higgs 10 |
[ to — ‘ 3
P | E
— — L4 m
— —W l ,,,,,

= —z LV ,
B 333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333
- N - T A e T I+ 1+ 1+t e e e e e e e e e e e e

b e Figure 24: The estimated background in each of the 120 signal regions. Each bin represents one
even t S p ermu t aions 1= 1 signal region labeled by the classification of the four jets (ex. WWWZ, WWHZ, etc.) for 2017

2500 3000
AKS8 Jet P,

| | | | | | ] | | | I | | | | I | | | |
500 1000 1500 2000

10°°
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Signal Region Categorization

—
o
O

4 = DataDriven Multijet Bl WJets e ZJets - ttWdlets
10 CHWW N W2 B ttZJets B (177

B ttbar

Events per category

he)
l'n ‘l i .
i Ill'”'ll"nl' ll L re

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Or-AMYTOr-ANMNOr-ANO~OONMO~-rNOr-OOr-ANO~OOrOO0O0O~ANMOr-NO~OOr-NO~OO~O0O0 ~NO~OOrOOOr-OO0O0OrANMOr-ANO~OONO+OO~O0O0~rNO-OOrO0O0Or-OO00O0 - NO-OO~OO0OO0O~O00O0Or~000
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0000000000000 000000000000000000000000000000000000O0000000O00000O0O00 OO OO F I ¥ I T ¥ T ¥ ¥ ¥ ¥ ¥ T T T ¥ T ¥ T ¥ T T ¥ T = T = T = v v v v NN ANNNNNNNNNNANNOMOM®
N
(=]

NNNNNNNNNNNNRQNNNNNNNNHN@NNNNNNNNNNNNNNNNNNN&NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN%NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN NNNNNNNNNNNNN
OCOO0O0O™rrr TOOOO™rr OO0~ NOO~OOOOO ™ OO0 r~NOO~OO OO ~ANOO O OO ~OO0 0000 ™ rr OO0 r~NOO~"OO OO ~ANOO~O 0O ~O 0000 r»~ANOO OO0 O ~0O000O 0O

O@@W 0Z 4H 0b

OO0 00O0000O0O0CO00O0O ™ rrrrrr rr v ANNNMOOMTOOO00 000000 ™ rrrrr ANNMOOOOO0OO ™ rrANO ~O0000 00000 O ™ rrrrr ANMOOOOOO™rv —O000O00O™rrm~ANOO

Four jets, six classes each,
126 possible combinations

Orthogonal SRs provide
powerful combined result

Unlike 2016 analysis,
SiX 4-jet regions now used
as VRs to improve fitting
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Figure 24: The estimated background in each of the 120 signal regions. Each bin represents one

signal region labeled by the classification of the four jets (ex. WWWZ, WWHZ, etc.) for 2017
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Work in Progress: Expectated Exclusions

Johan S Bonilla Castro (Northeastern)

95% CL limit on u
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Work in Progress: Expectated Exclusions

=.
C
@)
. s
E 10
S
O
o~
L0
(@)
1 35.9 fb-' (13 TeV)
| s —1600
x ! CMS —1500 o
Preliminary | _4200%
0.8 <
113002
-
05 —1200§
i 0.4 11003
. 10005_
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HL-LHC Timeline at a Glace

13 TeV
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integrated ERIVIIVR{E
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HL-LHC Timeline at a Glace

! | Run 2
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HL-LHC Timeline at a Glace

| Run 2
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CMS Experiment at the LHC, CERN
Data recorded: 2021-Oct-19 13:01:24.690432 GMT

’é Run/ Event / LS: 345881 / 17244 / 734

HL-LHC Timeline at a Glace
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What Are Cathode Strip Chambers (CSCs)?




What Are ?

Muon system employs different technologies
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What Are Cathode Strip Chambers (CSCs)?

Muon system employs different technologies
— Barrel: Drift Tube +
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What Are

Muon system employs different technologies
— Barrel: Drift Tube +
— End-Caps: + +

are 6-layers of wires (anodes) and
strips (cathodes) in Ar/CO2/CF4 gas mixture

— Traversing muons ionize gas at HV
— Avalanche signal read by anode and cathode electronics

induced charge
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What Are ?

Muon system employs different technologies
— Barrel: Drift Tube +

—-End43aps: ar + 0.1 02 03 0.4 0.5 0.6 0.7 0.8 09 o 1.0 1.1

84.3° 78.6° 73.1° 67.7° 62.5° 57.5° 52.8° 48.4° 4:1,’3’ 40.4° 36.8°

are 6-layers of wires (anodes) and
strips (cathodes) in Ar/CO2/CF4 gas mixture

— Traversing muons ionize gas at HV
— Avalanche signal read by anode and cathode electronics
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On-Detector R '
efurbishment '
ALCT Mezzanines and DCFEBs Of EIeCtronlcs

108 AL(_)T—I)(1 50T Mezzanine
boards installed in all ME234/1
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On-Detector Refurbishment of Electronics
ALCT Mezzanines and DCFEBs

Lo it B8 L Yl 108 ALCT-LX150T Mezzanine
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On-Detector Refurbishment of Electronics
ALCT Mezzanines and DCFEBs
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Link to Artist Website

Fluidic Data: A Bit of Context

 Target: CERN Data Centre
— Building 513 (adjacent to 33)
— Visitor point for WWCG, Data Centre Control Room

 Sponsoring Department: CERN IT
— Volunteer work from EN, EP, and IT

 Aim: Communicate the purpose and magnitude of data throughput
— Provide a mental break (recovery) from information overload during visits
— Balance industrial aesthetic of CERN

* Audience: CERN visitors, but also resident/working scientists and engineers
— Visitors: Science communication w/o ‘lecturing’, self-discovery
— Scientists: Intrigue experts, provide equal ground as visitor

C
Johan S Bonilla Castro (Northeastern) 34


https://agneschavez.com/portfolio/fluidic-data/

Fluidic Data

* Data (Fluid)
— Linked In real-time through
monitoring data from IT
— Fluid-air ratio and flow rate
symbolizes data throughput

* Particles (Pods/Flowers)
— Pods: Detector interactions
— Flowers: Reconstruction
— Detalls correspond to
differing observables
(mass, charge, etc.)

Johan S Bonilla Castro (Northeastern)
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