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Accelerator
Components

e 1232 Main Dipole
Magnets

* 386 Main Quadrupole
Magnets

A few thousands of




Beam Dump

e 7TeV proton energy (1.1ul)

1.1 X10 protons/bunch

e 2800 bunches

* 345MJ/beam =900t X 100km/h

RF System
 400MHz Radio Frequency
e 2MV Accelerating Field

* 16 RF Units
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w. Croton-Proton (2835 x 2835 bunches)
¥ Protons/bunch 10"

- d‘ Beamenergy 7 TeV (7x10%2eV)

(- Luminosity 10* cm? s

Crossing rate 40 MHz

Collisions = 107 -10°Hz

Parton

(quark, gluom)  * "
quark, gluo &i}

et
jet

Particle &
Jet 4

Selection of 1 in 10,000,000,000,000

Higgs

SUSY.....

Morika Wielers
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innermost layer » outermost layer

tracking electromagnetic hadronic muon
system calorimeter calorimeter system

photons

ﬁ

electrons

rotons
.aons
pions

neutrons
0
KL

C. Lippmann — 2003

Review of Searches for Rare Processes and Physics Beyond the Standard Model at HERA 25
David M. South, Monica Turcato, arXiv:1605.03459 [hep-ex]



A detector cross-section, showing particle paths
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ATLAS Run-2 Detector Status (from July 2017)

Subdetector Number of Channels | Approximate Operational Fraction
Pixels 92 M 97.8%
SCT Silicon Strips 6.3 M 98.7%
TRT Transition Radiation Tracker 350 k 97.2%
LAr EM Calorimeter 170 k 100 %
Tile Calorimeter 5200 99.2%
Hadronic End-Cap LAr Calorimeter 5600 99.5%
Forward LAr Calorimeter 3500 99.7%
LVL1 Calo Trigger 7160 99.9%
LVL1 Muon RPC Trigger 383 k 99.8%
LVL1 Muon TGC Trigger 320 k 99.9%
MDT Muon Drift Tubes 357 k 99.7%
CSC Cathode Strip Chambers 31k 95.3%
RPC Barrel Muon Chambers 383 k 94.4%
TGC End-Cap Muon Chambers 320 k 99.5%
ALFA 10k 99.9%

AFP 430 k 93.8%
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Interaction rate

ot Giiz CALO MUON TRACKING
Bunch crossing
rate 40 MHz
LEVEL 1 r':\'op::mos
TRIGGER (2.5us)
< 75 (100) kHz
Derandomizers (~1ms)
; I
Readout drivers
Regions of Interest | | | (RODs)
LEVEL 2 Readout buffers
TRIGGER -l (ROBs)
~ 1 kHz

Event builder

=X,

Data recording

Full-event buffers
and
processor sub-farms
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‘:' Trigger System

‘ Level 1 Trigger
(Hardware)
40MHz 75kHz 1kHZ

Global Rates (Hz)
1 | | 1

L L Y AL — L N — R '
00 -
104 g_ ............................................................................................................................................................................................................................. _g_ ................................................................................ _§
. — glkHz (HLT outﬁi,tft for physics) ]
10 =

10°

10

HLT Input
HLT Other

HLT:Main_physics
HLT calibration

HLT:Standby_physics
HLT:CosmicsCalo_physics

HLT:express_express
HLT:CosmicMuon_physics
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from David J. Miller, Physics and Astronomy, University

College London.

A guasi-political Explanation of the Higgs Boson;
for Mr Waldegrave, UK Science Minister 1993.

(cartoons courtesy of CERN).
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The Higgs Mechanism, CERN-VIDEO-2011-189-001
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J4 EXPERIMENT

| Run Number: 191190, Event Number: 19448322

Date: 2011-10-16 16:11:14 CEST
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JATLAS
S EXPERIMENT

Run Number: 191190, Event Number: 1

JLEXPERIMENI

Run Number: 191190, Eve 19448322
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PHYSICAL REVIEW D 90, 112015 (2014)
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EXPERIMENT
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Run: 182796
Event: 74566644
2011-05-30 0?:54:289EST
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EXPERIMENT
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Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST
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Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST
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FIG. 13 (color online). The distribution of the four-lepton invariant mass, my,, for the selected candidates (filled circles) compared to
the expected signal and background contributions (filled histograms) for the combined /s = 7 TeV and /s = 8 TeV data for the mass
ranges: (a) 80—170 GeV, and (b) 80-600 GeV. The signal expectation shown is for a mass hypothesis of my = 125 GeV and normalized
to g = 1.51 (see text). The expected backgrounds are shown separately for the ZZ* (red histogram), and the reducible Z + jets and 17
backgrounds (violet histogram); the systematic uncertainty associated to the total background contribution is represented by the hatched
areas.

* Analysis based on:

e 2011 pp data: 3,365,473,349 events
e 2012 pp data: 8,445,206,327 events 72
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Study of the spin and parity of the Higgs boson in di-boson decays with the ATLAS detector, Eur. Phys. J. C75 (2015) 476
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Stafus: ity 2098 [£dt=(32-79.8)fb! V5=8,13TeV
Model £y Jetst ET™ [rdifb) Limit Reference
IR | * LR ¥ ¥ RN | ' . L
ADD Gkk +g/9 Oe pu 1-4j Yes 361 Mp 7.7 TeV n=2 1711.03301
ADD non-resonant yy 2y - — 36.7 Ms 8.6 TeV n =3 HLZ NLO 1707.04147
ADD QBH - 2j = 370 | Mw 89TeV n=6 1703.09217
ADD BH high ¥ pr >lep >2j - 3.2 My, 8.2 TeV n =6, Mp = 3 TeV, rot BH 1606.02265
ADD BH multijet - >3] - 3.6 My 955TeV n=6 Mp=3TeV,rotBH 1512.02586
RS1 Gkk — vy 2y = - 36.7 | Gkk mass 4.1 TeV k/Mpg = 0.1 1707.04147
Bulk RS Gy —» WW/ZZ multi-channel 36.1 Gik mass 2.3TeV k/Mp = 1.0 CERN-EP-2018-179
Bulk RS gkk — tt lepu 21b, 21J/2) Yes 36.1 BKkK mass 3.8 TeV rim=15% 1804.10823
2UED/RPP lep 22b23] Yes 361 KK mass 1.8 TeV Tier (1,1), BAMY — tt) =1 1803.09678
SSM Z' — (( 2eu = - 36.1 Z’ mass 4.5 TeV 1707.02424
SSM Z' — 11 27 = = 36.1 Z’ mass 2.42TeV 1709.07242
Leptophobic Z' — bb = 2b = 36.1 Z' mass 21 TeV 1805.09299
Leptophobic Z’ — tt 1ep =21b 21J2 Yes 36.1 Z’ mass 3.0 TeV rm=1% 1804.10823
SSM W' — oy 1ep = Yes 79.8 W’ mass 5.6 TeV ATLAS-CONF-2018-017
SSM W' — v 17 = Yes 36.1 W’ mass 3.7 TeVv 1801.06992
HVT V' - WV — gqqq model B 0 e, u 2J = 79.8 V' mass 4.15 TeV gv=3 ATLAS-CONF-2018-016
HVT V' — WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gv=3 1712.06518
LRSM Wy, — tb multi-channel 36.1 | W’ mass 3.25 TeV CERN-EP-2018-142
Cl qqqq - 2j - 37.0 A 21.8TeV u;, 1703.09217
Cl ttqq 2epu N = 361 |A 400 TeV 7, 1707.02424
Cl ettt 2tep 21b21] Yes 361 |A 2.57 TeV |Cael = 4r CERN-EP-2018-174
Axial-vector mediator (Dirac DM) Oeu 1-4j Yes 36.1 Maed 1.55 TeV £4=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
Colored scalar mediator (Dirac DM) 0 e, pu 1-4j Yes 36.1 Mpyed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVyy EFT (Dirac DM) Oep 1J,21]  VYes 3.2 M. 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1%t gen 2e =2j — 3.2 LQ mass 1.1 TeV p=1 1605.06035
Scalar LQ 2" gen 2pu 22j - 3.2 LQ mass 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen lep 21b23] Yes 203 p=0 1508.04735
VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet ATLAS-CONF-2018-XXX
VLQ BB — Wit/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-XXX
VLQ Ts3 Tsy3|Tsi3 = Wt + X 2(SS)/=3eu>1b,>1] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts3 — Wi)=1, c(TsaWit)=1 CERN-EP-2018-171
viQY — Wh+ X 1ep =z1b=1] Yes 3.2 Y mass 1.44 TeV B(Y — Whb)=1, c(YWb)=1/ V2 | ATLAS-CONF-2016-072
VLQ B - Hb+ X Oeu,2y 21b,21j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-XXX
VLQ QQ -~ WqWg Ten 4] Yes 203 [QEsEee0GEvI 1509.04261
Excited quark ¢* — qg - 2j - 37.0 q" mass 6.0 TeV only u” and d*, A = m(q") 1703.09127
Excited quark ¢* — gy 1y 1j - 36.7 q" mass 5.3 TeV only v* and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b,1] - 36.1 b* mass 2.6 TeV 1805.09299
Excited lepton (* 3epn - - 20.3 A=3.0TeV 1411.2921
Type Ill Seesaw 1epu >2j Yes 79.8 ATLAS-CONF-2018-020
LRSM Majorana v 2epn 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢ 2,34 e, i (SS) - - 36.1 H*t mass DY production 1710.09748
Higgs triplet H** — (7 3e,ut - - 20.3 DY production, B(H;* — (1) = 1 1411.2921
Monotop (non-res prod) 1epu 1b Yes  20.3 Fnon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
1 11 I '} '} 1 1 L i - l '} 'l 1 L

“Only a selection of the available mass limits on new states or phenomena is shown.

+Small-radius (large-radius) jets are denoted by the letter j (J).

107!

10 Mass scale [TeV]
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2018 . \Vs=7,8,13TeV
Model ep Ty Jets ET™ [ranm™) Mass limit V5=7,8TeV  5=13TeV Reference
4, §—q¥, 0 26jets  Yes  36.1 1.55 m(t})<100GeV 1712.02332
- mono-et  1-3jels  Yes  36.1 0.71 m(g)-m{¥})=5GeV 1711.03301
i 8 Eqat) 0 26jets  Yes 361 |2 2.0 m(?)<200 GeV 1712.02332
g z Forbidden 0.95-1.6 m(7})=900GeV 1712.02332
t% 28, 8—qq(LHX) 3ep 4 jets = 361 |2z 1.85 m(¥})<800 GeV 1706.03731
g ee, i 2jets Yes  36.1 g 1.2 m(g)-mi(¥})=50 GeV 1805.11381
@ | 3, soqqWZP 0 7-11jets  Yes  36.1 z 18 m(¥}) <400 GeV 1708.02794
=1 £8, 894 1 1
= Sep 4jets - 36.1 £ 0.98 m(z)-m(¥})=200GeV 1706.03731
g 1
= ggogont) O-1ep 3b Yes 361 |2 2.0 mi{¥})<200 GeV 1711.01901
3ep 4 jets - 361 |z 1.25 m(g)-m(¥})=300 GeV 1706.03731
Biby, bi—b¥) 110 Multiple 361 | b Forbidden 0.9 m(¥})=300 GeV, BR(bF|)=1 1708.09266, 1711.03301
Multiple 361 | by Forbidden 0.58-0.82 m(¥})=300GeV, BR(h¥\)=BR(1¥{)=0.5 1708.09266
Multiple 361 | B Forbidden 0.7 m(¥})=200 GeV, m(¥;)=300 GeV, BR(:Y})=1 1706.03731
= BBy, ify, My =2 x M, Multiple 36.1 i 0.7 miF))=60GeV 1709.04183, 1711.11520, 1708.03247
% S Multiple 361 | i Forbidden 0.9 m(¥})=200GeV 1709.04183, 1711.11520, 1708.03247
ﬁ.g fify, |—-1Wb/\’| or m 0-2e,pu 0-2jets/1-2b Yes 36.1 i 1.0 m(#})=1GeV 1506.08616, 1709.04183, 1711.11520
. 8 N, ALSP Multiple 36.1 |4 0.4-0.9 m(E})=150GeV, m(¥})-m(¥})=5 GeV, i, = 1709.04183, 1711.11520
é Multiple 361 |74 Forbidden 0.6-0.8 m(¥})=300 GeV, m(¥t )-m(¥")=5 GeV, i, ~ f,, 1709.04183,1711.11520
= E fif;, Well-Tempered LSP Multiple 36.1 i 0.48-0.84 m(¥])=150GeV, m(¥f)-m(F})=5GeV, i, ~ 7; 1709.04183,1711.11520
3 =
“ fify, il 1 8, et 0 2¢ Yes 361 |@ 0.85 m(E))=0GeV 1805.01649
il 0.46 m(i, ,&)-m(¥})=50 GeV 1805.01649
0 mono-jet  Yes 36.1 i 0.43 m(7; &)-m(¥}])=5GeV 1711.03301
fafy, i) + R 1-2epu 4b Yes  36.1 7 0.32-0.88 m(¥})=0 GeV, m(f,)-m(¥})= 180 GeV 1706.03986
Kb via wz 23 e : Yes  36.1 j'*,u?g 0.6 mE))=0 1403.5294, 1806.02293
ee, pijt >1 Yes  36.1 i%,vzz 0.17 m(¥;)-m(E})=10 GeV 1712.08119
i via wh Clityyltbb = Yes 203 | &% 0.26 m(})=0 150107110
R R, R o, A= trom) 27 - Yes 361 | F/E 0.76 m(E)=0, m(#, F)=0.5(m(¥i)+m(¥))) 1708.07875
ug_l § /"}M’z 0.22 mET)-m(¥})=100 GeV, m(7, #)=0.5(m(¥; }+m(¥})) 1708.07875
B 7 ol ool 2e.p 0 Yes 361 |7 0.5 m(¥)=0 1803.02762
2e.p >1 Yes 361 |7 0.18 m{7)-m(¥})=5 GeV 1712.08119
HH, H-hG(ZG 0 >3b Yes 361 |i@r 0.13-0.23 0.29-0.88 BR(E] — hG)=1 1806.04030
dep 0 Yes 361 | & 0.3 BR({! — ZG)=1 1804.03602
Direct ¥ .¥] prod., long-lived ¥ Disapp. trk 1 jet Yes  36.1 X 0.46 Pure Wino 1712.02118
E - v 015 Pure Higgsino ATL-PHYS-PUB-2017-019
L}
= § Stable g R-hadron SMP = = 3.2 g 1.6 1606.05129
g"g_ Metasta;le 2 R-hadron, g—»%ep\'f‘.’ Multiple N I B e A e 1 24 m({)=100 GeV 1710.04901, 1604.04520
=0 = " = - e 3
§ 1 1 'y
= GMSB, ¥ -G, long-lived ¥} 2y Yes 203 | ¥ 0.44 1<7(k])<3 ns, SPS8 model 1409.5542
28, V1 —eev/epv/upy displ. ee/epfpp - - 203 |& 13 6 <cr(F)< 1000 mm, m(E))=1 TeV 1504.05162
LFV pp—¥. + X, #e—ep/et/ut epLeTuT - 32 |# 1.9 41,2011, Aiz133/2:=0.07 1607.08079
FERT 16 — WWizLeetvy dep 0 Yes  36.1 m{¥})=100 GeV 1804.03602
22, i—q9%, X1 > gqq 0 4-5large-Rjets - 36.1 Large 7], 1804.03568
i Multiple 36.1 m(F})=200 GeV, bino-like ATLAS-CONF-2018-003
O g5, § - ths [ goifk), &) = ibs Multiple 36.1 m(FY)=200 GeV, bino-like ATLAS-CONF-2018-003
i, isth), B = ths Multiple 36.1 m(E?)=200 GeV, bino-ike ATLAS-CONF-2018-003
iy, fi—bs 0 2jpts+2b - 36.7 1710.07171
niy, [ —bl 2e.p 2b * 361 |4 0.4-1.45 BR(f, —»be/bu)>20% 1710.05544

“Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Mass scale [TeV]
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ProRABRF—LOMES1E-SMBEE-HREH(FVT10)

Country Budget MCHF institutes participants
1 | United States 80.74 (17 %) 33 232 (18 %)
2 | CERN 60.50 (13 %) 1 137 (10 %)
3 | France 52.76 (11 %) 7 90 (6.9 %)
4 | Ttaly 45.09 (9.6 %) 12 141 (11 %)
5 | Germany 40.00 (8.5 %) 10 109 (8.3 %)
6 |United Kingdom 3411 (7.3 %) 12 105 (8.0 %)
7 |BX 32.18 (7.0 %) 15 61 (4.7 %)
8 |Russia 26.12 (5.6 %) 8 102 (7.8 %)
9 | Switzerland 18.51 (4.0 %) 2 14 (1.1 %)
10 | Canada 15.08 (3.2 %) 7 40 (3.1 %)
all | SUM 468.41 (100%) 149 1,306 (100 %)
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HOW BIG

IS SCIENCE?

MAMMOTH INSTRUMENTS OF SCIENCE SUCH AS CERN'S
Large Hadron Collider are often held up as sym-
bols of the human commitment to decoding the
world. But how highly does humanity as a whole
actually regard science? How big is science—all

of it? This is not an easy question to answer, but
by gathering what credible data exist, we can

approximate an answer.
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Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC*

ATLAS Collaboration*
This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their
contributions to the experiment.
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Figure 1: Age distribution of ATLAS members (left) and ATLAS scientific authors (right). The bottom panel shows
the fraction of women as a function of age. The dotted line shows the average fraction of female ATLAS members

of 19%.
“Studies related to gender and geographic diversity in the AS
Collaboration,” The ATLAS Collaboration, ATL-GEN-PUB- -001
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Figure 3: Region of affiliation of ATLAS members. The bottom panel shows the fraction of women as function of
region. The dotted line shows the average fraction of female ATLAS members of 19%.
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affiliation ATLAS affiliation nationality
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Women in physics: Are we there yet?
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EXPERIMENT

“YOU ARE WELCOME HERE!"

Report of the ATLAS Diversity Study Group
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Wps Education Physics Degrees (3-yr avg 2013-2015)
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Native Black
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Source: IPEDS, US Census, and APS
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