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INSIDE AN ATOM

§

., Proton
TR [T —

Neutron

Most of an atom is empty space.

=—Electron
f the proton were a pea, the r
electron would be in the back of

the stands at Old Tratfford.



INSIDE A PROTON

Quarks and gluons!







LARGE HADRON COLLIDER

LHCDb ATLAS

* 27 km tunnel 100m underground

* More than 9000 magnets around the ring

* Sends protons round and round at 99.9999991% of the speed of light, and
smashes them together millions of times per secona

* 4 large experiments that try to work out what happened...
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LHC BEAM ENERGY: 360 MEGAJOULES

THAT'S THE SAME AS 70 KG OF CHOCOLATE!
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BIS status and SMP flags
Comments (28—Jul-2017 18:48:16) Link Status of Beam Permits

IPS Hobbit scan Global Beam Permit
(There and back again ;-) Setup Beam
Beam Presence
Fill for VM scans in ATLAS and CMS Moveable:Dewicesaliowed:in
(until about 20:30) Stable Beams

AFS: Multi_52b_52b_32_12_8_4bpi_13inj



LIFE AS A PHYSICIST

Inbox — CERN (744 messages, 673 unread)

GOOD MORNING, INBOX



LIFE AS A PHYSICIST

* Require immediate intervention:

* BBQ planning for week of July 12th.

IMPORTANT OPERATIONS PLANNING



LIFE AS A PHYSICIST

e Moriond is now 143 Days away

COUNTING DOWN TO DEADLINES



LIFE AS A PHYSICIST

How to actually learn any new programming concept

Essential

Changing Stuff and
Seeing What Happens

@1hePracticalDev

DO SOME CODING



LIFE AS A PHYSICIST

LUNCHTIME! )



LIFE AS A PHYSICIST

in 15 minutes
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AFTERNOONS ARE USUALLY FULL OF MEETINGS



LIFE AS A PHYSICIST

THIS IS WHAT | CALL "WORK-LIFE BALANCE"”



LIFE AS A PHYSICIST

Summary

@ [here was a problem.
@ | fixed a problem.

@ [here is still a problem.

RESEARCH, SUMMARISED



THE STANDARD MODEL OF PARTICLE PHYSICS
(PRE-2012)

(IMAGE FROM PARTICLE FEVER)



FACTORY OF PARTICLES
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) THE ATLAS
experiMENT EXPERIMENT

3500 ditferent people (about half are students)
178 different institutions
38 different countries

1 common goal







ATLAS WEIGHS 7000 TONS - THAT'S 100 OF THESE
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@ATLAS
EXPERIMENT

http://atlas.ch

Run: 280673
Event: 12739224R2

2015-



Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic

Calorimeter
Solenoid magnet
Transition
. Radiation
Trqclq ng Tracker

Pixel/SCT detector
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“REDISCOVERING” THE STANDARD MODEL: PROOF OUR DETECTOR WORKS WELL



CANDIDATE BOOSTED TOP QUARK PAIR, JULY 2015

Run: 271516
Event: 7786087
2015-07-13 09:38:38 CEST

_——

FIRST, WE MEASURE THE
STUFF WE KNOW ABOUT



4 small-radius jets < Run: 271516
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THEN WE CAN HUNT
FOR THINGS WE

EXPECT, BUT HAVEN’T
DISCOVERED YET
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THE FORMULA OF THE UNIVERSE:
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THE COMPOSITION OF THE UNIVERSE
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ATLAS SUSY Searches*

- 95% CL Lower Limits

ATLAS Preliminary
Vs=7,8,13TeV

miss -1 . .
Model &HUT,Y Jets EL™ [Lddb™] Mass limit Vs=7,8TeV | V5=13TeV Reference
1 1 1 1 1 1 | | 1 I 1 1 1 1 1
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 4.8 1.85 TeV m(g)=m(g) 1507.05525
44, é—>q)§0 0 26jets  Yes 361 |4 1.57 TeV m(¥?)<200 GeV, m(1* gen. §)=m(2™ gen. §) ATLAS-CONF-2017-022
® 47, §—q¥1 (compressed) mono-jet  1-3jets  Yes 32 |4 608 GeV m(g)-m(¥})<5 GeV 1604.07773
5 & g—qqX 1 0 2-6jets  Yes  36.1 4 2.02TeV m(t})<200GeV ATLAS-CONF-2017-022
+ B i > ~ ~ -
s 88 g—qaXi —qqW 241 0 26jets  Yes  36.1 2 2.01 TeV m(¥?)<200GeV, m(¥*)=0.5(m(¥?)+m(z)) ATLAS-CONF-2017-022
B & g—>qq(€€/W)X1 Seu 4 jets - 36.1 |2 1.825 TeV ~‘f)<4oo GeV ATLAS-CONF-2017-030
® égMggquZV 1 0 7ljets  Yes 361 |&@ 18TeV  mi)) <400GeV ATLAS-CONF-2017-033
= (_t’ NLSP) 1-27+0-1¢ 0-2jets  Yes 3.2 g 2.0 TeV 1607.05979
?3) GGM (b!no NLSP) 2y - Yes 3.2 g 1.65 TeV ct(NLSP)<0.1 mm 1606.09150
£ ggm (:!ggs!no-ggno mtgg) Y 1b Yes 20.3 2 1.37 TeV m(¥1)<950 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
(higgsino-bino ) 14 2 jets Yes 133 |& 1.8 TeV m(¥1)>680 GeV, cr(NLSP)<0.1 mm, >0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2 jets Yes 20.3 g 900 GeV m(NLSP)>430 GeV 1503.03290
: Gravitino LSP 0 mono-jet  Yes 20.3 F12 scale 865 GeV m(G)>1.8 x 107* eV, m(g)=m(j)=1.5TeV 1502.01518
- ar = 720 -
S E 88 §'—>blg)g1 0 3b Yes  36.1 & 1.92 TeV (¥7)<600 GeV ATLAS-CONF-2017-021
- E 82 g1k 0-1e,u 3b Yes 361 [& 197 TeV m(¥))<200GeV ATLAS-CONF-2017-021
cn 00 88, §—-biX; 0-1e,pu 3b Yes  20.1 g 1.37 TeV (¥7)<300 GeV 1407.0600
w o Db, bi—bt) 0 2b Yes 361 |B 950 GeV m(¥})<420 GeV ATLAS-CONF-2017-038
XS bbbyt 2 e,u (SS) 1b Yes 361 | 275-700 GeV v vE)= mi?
55 b bi- : b m(¥})<200 GeV, m(¥7)= m(¥;)+100 GeV ATLAS-CONF-2017-030
33 Af,A-bh , 0-2 e, 12b  Yes 47133 [# (117170 GeV 200-720 GeV m(¥E) = 2m(¥2), m(E))=55 GeV 1209.2102, ATLAS-CONF-2016-077
@S i, t1—>WbX1 or tX; 0-2e,u 0-2]jets/ 1-2b Yes 20.3/36.1 g 90-198 GeV 205-950 GeV m(¥1)=1 GeV 1506.08616, ATLAS-CONF-2017-020
S8 if,i kY 0 mono-jet  Yes 32 [l 90-323 GeV m(f)-m(¥})=5 GeV 1604.07773
S § 1) (natural GMSB) 2e,pu(2) 1b Yes 203 | 150-600 GeV m(¥})>150 GeV 1403.5222
oD hb,hoh+Z 3e,u(Z) 1b Yes 36.1 gz 290-790 GeV m(¥})=0 GeV ATLAS-CONF-2017-019
by, >t +h 1-2ep 4b Yes  36.1 f 320-880 GeV m(¥1)=0 GeV ATLAS-CONF-2017-019
~ ~ ~ .,0 ~
b, E{L,13,+€—:£X1~ 2e,u 0 Yes  36.1 £ 90-440 GeV m(¥7)=0 ATLAS-CONF-2017-039
/\:1)51 ,/}/1 —~>€v(€v) ) 2e,u 0 Yes 361 |H 710 GeV m(¥?)=0, m(Z, %)=0.5(m(¥; )+m(/\7(1))) ATLAS-CONF-2017-039
_ XlX 13, X —3v(T¥), Ha—Fr(v9) 271 - Yes  36.1 -i : 760 GeV m(¥1)=0, m(#, %)=0.5(m(¥; )+m(/\71)) ATLAS-CONF-2017-035
> S X 1X8_)€LV5L5((1)’V) , EVELE(PY) 25_336’11 . 29 t Yes  36.1 iy ,)f% 1.16 TeV m@ﬁ):mp?g): (/\7(1)):00 m(Z, )= 0.5(m(IT)+m(t?)) ATLAS-CONF-2017-039
w % X1X8—>WX V24 g e, lets  Yes 36.1 XX, 580 GeV m(/yf) 2), m(Xl) 0, £ decoupled ATLAS-CONF-2017-039
X(])X —>WX1hX1, h—bb/WW/tt/yy MY 0-2b Yes 20.3 ~6’X2 270 GeV m({i)= @g) m(¥))=0, Edecoup|ed 1501.07110
XoX3, Ko 5 —rt 4ep 0 Yes  20.3 23 635 GeV m(¥2)=m(¥3), m(¥1)=0, m(Z, #)=0.5(m(¥2)+m(¥1)) 1405.5086
GGM (wino NLSP) weak prod., bt —yG leu+y - Yes 20.3 4 115-370 GeV cr<1mm 1507.05493
GGM (bino NLSP) weak prod., X1 —yG 2y - Yes 20.3 4 590 GeV cr<imm 1507.05493
Directﬁ):(i prod., long-lived {fi Disapp. trk 1 jet Yes  36.1 X:i 430 GeV mTE)-m(E°)~160 MeV, 7(¥F)=0.2 ns ATLAS-CONF-2017-017
5 g;;ebcf;)( slt)(() 1 pergd;,Flﬁﬂg(-jllved X1 dE/dx trk 1 ) Yes 18.4 /‘:1 495 GeV mET)-m(¥1)~160 MeV, 7(¥7)<15 ns 1506.05332
S » Stopped g R-hadron 0 Sjets  Yes 27.9 g 850 GeV m(¥})=100 GeV, 10 us<r(z)<1000 s 1310.6584
= 8 Stable g R-hadron trk - - 32 |& 1.58 TeV 1606.05129
g;'ﬁ Metastable g R- hadron dE/dx trk - - 32 |2 1.57 TeV m(¥})=100 GeV, 7>10 ns 1604.04520
3 g GMSB, stable 7, X1—>T(e ;1)+T(e ) 1-2p } - 19.1 :g 537 GeV 10<tanB<50 1411.6795
GMS(I)_% X1—>yG long-lived Xl . 2y - Yes 20.3 Y 440 GeV 1<~r()?1)<3 ns, SPS8 model 1409.5542
gg,X1—>ee~vO/eyv/~ypv d'_SpL ee/eu/uu - - 20.3 /\:(1) 1.0 TeV 7 <cr()(1)< 740 mm, m(g)=1.3 TeV 1504.05162
GGM 33, X1 —»ZG displ. vix + jets - - 203 | X 1.0 TeV 6 <ct(¥})< 480 mm, m(z)=1.1 TeV 1504.05162
LFV pp—v: + X, Vo —eu/et/ut e,et,ut - - 3.2 Ve 1.9 TeV Ay11=0.11, A133/133/233=0.07 1607.08079
Bﬂinear+RPV C(I)VISOSM 2 e,u(SS) 0-3b Yes 20.3 4.8 1.45 TeV m(g)=m(g), ctLsp<1 mm 1404.2500
~ e o~ ~ ~ _ ~+ -
XX, X —>W)f(1) X —eev, epv, v 4e,u Yes 133 |H 1.14 TeV M(¥1)>400GeV, 120 (k = 1,2) ATLAS-CONF-2016-075
S X1X1,X1 ->WX1,X1—>1TV,, €TV de,u+71 T Yes 20.3 X; 450 GeV m(¥1)>0.2xm(¥7), A133#0 1405.5086
a % §'—>qq€0 . 0 4-5large-Rjets - 148 & 1.08 TeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
Tz, §—q9X1, X1 — 949 0 4-5large-Rjets - 148 |2 1.55 TeV m(¥1)=800 GeV ATLAS-CONF-2016-057
g8, §—1tX1, X1 — qqq Teu 810jets/0-4b - 36.1 4 2.1 TeV m(¥))= 1 TeV, 111220 ATLAS-CONF-2017-013
g8, g—hit, fi—bs Tepn 810jets/0-45 - 36.1 g 1.65 TeV m(f1)= 1 TeV, 323 #0 ATLAS-CONF-2017-013
hhiy, i —bs 0 2jets+2b - 15.4 Lk 410 GeV. 450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
nt, 1—bt 2e,u 2b - 36.1 t 0.4-1.45 TeV BR(7, —be/u)>20% ATLAS-CONF-2017-036
Other Scalar charm, —c¥) 0 2¢c Yes 203 |é& 510 GeV m(¥})<200 GeV 1501.01325
1 1 1 1 1 1 1 1 l 1 1 1 1 1
-1
10 1 Mass scale [TeV]




LU

rd

|

"

B ._,._,,, ,,,.,..,__,,_,__,; ________:

___.\s ..__.__ew Er.



3
7
=
O
>
S
=
(@)




ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits ATLAS Preliminary

- [£dt=(3.2-37.0) b Vs =8,13 TeV
miss -1 . .
Model (,y Jetst ET [Ldt[fb™] Limit Reference
] | 1 I 1 L L 1 ] | 1 I | ] 1 ] 1 | 1 LI I 1 1 1 1
2 ADD Gkk + g/4q Oe,pu 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
O ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO CERN-EP-2017-132
2  ADD QBH - 2] . 37.0 | My 89TeV n=6 1703.09217
g ADD BH high 3 pt >1e,pu > 2] - 32 | My 8.2 TeV n=6, Mp = 3 TeV, rot BH 1606.02265
S ADD BH multijet - >3] - 3.6 M, 9.55TeV n=6, Mp=23TeV,rotBH 1512.02586
© RS1 Gk — yy 2y - - 36.7 Gkk mass 4.1 TeV k/Mp = 0.1 CERN-EP-2017-132
m Bulk RS Gk —» WW — qqlv Teu 1J Yes 36.1 Gkk mass 1.75 TeV k/Mp = 1.0 ATLAS-CONF-2017-051
2UED/ RPP Tep 22b,>23) Yes 13.2 KK mass 1.6 TeV Tier (1,1), B(AMY - tt) =1 ATLAS-CONF-2016-104
SSM Z' — (¢ 2eu - - 36.1 Z’ mass 4.5 TeV ATLAS-CONF-2017-027
() SSM Z" - 1t 2T - - 36.1 Z’ mass 2.4 TeV ATLAS-CONF-2017-050
S  Leptophobic Z’ — bb - 2 b - 3.2 | Z mass 1.5 TeV 1603.08791
§ Leptophobic Z" — tt 1e,nu >1b,>1J/2] Yes 3.2 Z’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
o SSM W’ — ¢y 1epu - Yes 36.1 W’ mass 5.1 TeV 1706.04786
g’ HVT V' - WV — ggqgg modelB 0O e, u 2J - 36.7 V'’ mass 3.5 TeV gv =3 CERN-EP-2017-147
8 HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv =3 ATLAS-CONF-2017-055
LRSM Wy, — tb Teug 2b01) Yes 203 [NVAMESS 1.92 TeV 1410.4103
LRSM W[ — tb Oe,pu >1b1J - 20.3 W’ mass 1.76 TeV 1408.0886
_ Cl gqqq = 2] - 37.0 A 21.8TeV 7, 1703.09217
O  Clllgq 2e,u - —~ 36.1 A 40.1 TeV 7;, | ATLAS-CONF-2017-027
Cl uutt 2(SS)/>3 eu>21b,>21) Yes 20.3 A 4.9 TeV |Crrl =1 1504.04605
s Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.5 TeV 84=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
Q Vector mediator (Dirac DM) Oe,u,1y <1]j Yes 36.1 Mped 1.2 TeV 84=0.25, g,=1.0, m(y) < 480 GeV 1704.03848
VVyyx EFT (Dirac DM) Oe,u 1J,<1] Yes 3.2 M., 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1%t gen 2e > 2] — 3.2 LQ mass 1.1 TeV B= 1605.06035
Scalar LQ 2™ gen 2 > 2] E 3.2 LQ mass 1.05 TeV =1 1605.06035
Scalar LQ 3 gen lTepu 210,23 Yes 203 |JEQifasS 640 GeV p=0 1508.04735
i VLQTT - Ht+ X Oorleu >22b,>23j Yes 13.2 T mass 1.2 TeV B(T — Ht) = ATLAS-CONF-2016-104
‘(EU VLQTT - Zt+ X e, 21b,>23) Yes 36.1 T mass 1.16 TeV B(T - Zt) = 1705.10751
S VLQTT - Wb+ X le,u >1b,>1J/2 Yes  36.1 T mass 1.35 TeV B(T - Wh) =1 CERN-EP-2017-094
~. VLA BB - Hb+ X legy >22b,>23] Yes 20.3 B mass 700 GeV B(B — Hb) = 1505.04306
& VLQBB - Zb+ X 2/>3e,u  >2/>1b - 20.3  |IBIEsS 790 GeV B(B — Zb) = 1409.5500
% VLQ BB —» Wt + X lTeu 21b,>1J/2] Yes 36.1 B mass 1.25 TeV B(B — Wt) = CERN-EP-2017-094
VLQ QQ —» WqWgqg 1epu >4 Yes 20.3 Q mass 690 GeV 1509.04261
Excited quark g* — qg = 2] = 37.0 q* mass 6.0 TeV only v* and d*, A = m(q*) 1703.09127
O g Excited quark g* — qy 1y 1] — 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
% S Excited quark b* — bg - 1b1j - 133 |b*mass 2.3 TeV ATLAS-CONF-2016-060
m § Excited quark b* — Wit lor2e,u 1b,2-0j Yes 20.3 b* mass 1.5 TeV fe=fl=1fR=1 1510.02664
L Excited lepton ¢* 3epu - - 20.3 £* mass 3.0 TeV A=3.0TeV 1411.2921
Excited lepton »* 3e,u, T - - 20.3 v* mass 1.6 TeV A=1.6TeV 1411.2921
LRSM Majorana v 2e, 2] - 20.3 N° mass 2.0 TeV m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢ 2,3,4e,u(SS) - - 36.1 H** mass 870 GeV DY production ATLAS-CONF-2017-053
5 Higgs triplet H** — (1 et - - 20.3 H** mass 400 GeV DY production, B(H;* — (1) =1 1411.2921
< Monotop (non-res prod) 1epu 1b Yes 20.3 spin-1 invisible particle mass 657 GeV anon—res = 0.2 1410.5404
O Multi-charged particles - - - 20.3 multi-charged particle mass 785 GeV DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 monopole mass 1.34 TeV DY production, |g| = 1gp, spin 1/2 1509.08059
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THE STANDARD MODEL TODAY




penenates Laris N N

Atmosphere?

Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray

Wavelength (m) 10° 1078 10710 10712

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nucleli

Approximate Scale
of Wavelength

Frequency (Hz)

10" 10'° 10'° 10%°
Temperature of
objects at which
this radiation is the
most intense
1K 100 K 10,000 K 10,000,000 K

wavelength emitted
—272 °C —-173 °C 9,727 °C ~10,000,000 °C
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2MASS Redshift Survey
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FIGURE 1
Velocity-Distance Relation among Extra-Galactic Nebulae,




The Future of the Universe

r Decelerating Universes . Coasting Universe Accelerating Universe

S\

P E
a
s
 #

A decelerating universe reaches its current size in the least amount

of time. The universe could eventually contract and collapse into a

"big crunch” or expand indefinitely. A coasting universe (center) is »
older than a decelerating universe because it takes more time to

reach its present size, and expands forever. An accelerating universe

(right) is older still. The rate of expansion actually increases because
of a repulsive force that pushes galaxies apart.
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