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HISTORY OF THE UNIVERSE \ A

Cosm icrowave
RHIC & Background radiation
Accelerators |LHC is visible
heavy
LHC ions
High-energy Prygons

cosmic rays

t = Time (seconds, years) Vi ‘:f\ ) .:\“
E = Energy of photons (units GeV = 1.6 x 10710 joules) 3 //°) .,! S & \. |
K & o SIS\
ey & ®© o \
: X [ \
O quor € neutrino Q ion * star ey '9
% gluon I o‘; \
M bosons P ~ - ‘
0 electron ‘ atom @ galaxy oV, .
(®  meson ' Vi v
Q muon ’ o black &
0 tau @)  baryon photon Lole
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FORCES AND PARTICLES

(AT LHC ENERGIES)
‘ Generation
A 5& A 1 2 | 3

A force is another way of saying
“an Interaction”

p—

-The range of a force depends on
the mass of the particle that
carries that force

A

Just Quarks
A

Charged Particles

All Particles
A

Most interactions we experience
in daily life are based on the
electromagnetic force /

Increasing Mass

W Force Carriers
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HOME OF THELARGE HADRON COLLIDER

THE WORLD’S LARGEST PARTICLE ACCELERATOR

«27 km tunnel 100m
underground with more —
than 9000 magnets & LHCb ATLAS

«Sends protons round &
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the speed of light, and
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HOME OF THELARGE HADRON COLLIDER

THE WORLD’S LARGEST PARTICLE ACCELERATOR

«27 km tunnel 100m

underground with more
than 9000 magnets

«Sends protons round &
round at 99.9999991% of
the speed of light, and
smashes them together
millions of times per
second




INSIDE A PROTON

(AT LHC ENERGIES)

-The three “valence” quarks

«“Sea” quarks: quark-antiquark
pairs popping in and out of
existence

-Gluons holding them all together

|deal discovery machine!




THELHC

A PARTICLE FACTORY

- Bunches of protons collide every 25
nanoseconds at 4 points around the LHC ring

At each of these points is a huge detector
specially designed to “catch” all the outgoing
particles

Geneva

LHCb
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Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic

Calorimeter
Solenoid magnet
Transition
. Radiation
Trqclq ng Tracker

Pixel/SCT detector




FIRST THINGS FIRST

- Basically every particle physics data
plot ever:

e X-axis: range of something we're
measuring (like mass)

e y-axis: how many times the
something has happened

« Smooth curve shows the
background (random stuff)

- Spikes show a particle!

ATLAS Preliminary
Data 2010,\s=7 TeV
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THE FORMULA OF THE UNIVERSE
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DESCRIBES THE FORCES
. HOW FORCES ACT ON MATTER




DESCRIBES THE FORCES
HOW FORCES ACT ON MATTER
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HOW PARTICLES GET MASS
HOW THE HIGGS WORKS




THE COMPOSITION OF THE UNIVERSE
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THE COMPOSITION OF THE UNIVERSE
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THE COMPOSITION OF THE UNIVERSE
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THE COMPOSITION OF THE UNIVERSE
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- Despite popular fiction giving the
. , | . | .
impression otherwise, antimatter is ubble chamber photo
f | | d 1 showing an electron and
pertectly normal, everyday stut positron (anti-electron)

: ., pair being created and
- Basically, it's the same as normal . . .
spiralling off in opposite

matter, but with opposite charge directions

« and we make it all the time in our

experiments! 5 L ‘7_% :é
\*/

‘ *
;)x/ \Q
.

(a) Pair production (b) Annihilation
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THE ANTIMATTER PROBLEM

THE PROBLEM WITH ANTIMATTER IS THERE ISN'T ENOUGH OF IT AROUND THESE DAYS

Primordial

antimatter Primordial

10 000 000 000 a a

matter
10 000 000 001




NEUTRINOS

WEIRD LITTLE THINGS

(S
" o

- Neutrinos are almost, but not quite, massless

« Each type of neutrino is made up of 3 different components in
different quantities - kind of like three different cocktails, each
with the same 3 ingredients, just in different quantities

- But the really special thing about neutrinos is that they change
into other types of neutrino (or “oscillate”) as they travel




NEUTRINOS... OSCILLATE!

- The special thing about neutrinos is that they change into other types of neutrino
(or “oscillate”) as they travel .

()

« DO neutrinos and antineutrinos oscillate the same?

Components with different speed Components with the same speed




NEUTRINOS... OSCILLATE!

- The special thing about neutrinos is that they change into other types of neutrino
(or “oscillate”) as they travel .

()

« DO neutrinos and antineutrinos oscillate the same?

Components with different speed Components with the same speed




Currently being built!
Deep Underground Neutrino Experiment

Sanford
Underground
Research
Facility

Fermilab

. MUON NEUTRINO
PARTICLE PRODUCTION
DETECTOR

UNDERGROUND
PARTICLE
=yiaTiNg  DETECTOR

1) Use a muon neutrino beam, and measure how much it oscillates

2) Then use a muon antineutrino beam, and make the same measurement
3) Compare the two measurements!

Incoming beam:
100% muon neutrinos

If neutrinos and
antineutrinos oscillate at

1400 1200 1000 800 0 km : .
different rates, this could
Probability of detecting electron, muon and tau neutrinos .
explain the matter/
antimatter asymmetry in

the universe!
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NEUTRINOS.FNAL.GOV AND WWW.HOME.CERN
¥ @CLAIRE


http://www.home.cern

QUARKAND NEUTRINO MIXING MATRICES




A DUNE PROTOTYPE
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Neutrino Beam Recipe

Beam Absorber

Decay Pipe

= _
—_—— Neutrinos
Magnetic Focusing &
Horn 3
: \ Muons,
" Neutrinos

Target A\

o \

Frotons









MAGNETIC HORN




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
1 1 Ll I 1 1 L 1 Ll I 1 1 1 1 L 1 Ll I L L L L
s=8TeV s=13 TeV _
i VB 101 1 10

Mass scale [TeV]




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]
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SEARCHING FOR DRAGONS

Strength

2 A8
OVERTHROW'THE STANDA RD MODEL OF
. PARTICLEPHYSICS .

Grand Unified

Theory Theor)’ of
Electroweak w Everything
A .
Gravity
, Energy
1013 109 GeV
KINGDOM OF THE L )
—_— 7 e Here be dragons!
STANDARD MODEL e o0 .
(new physics)
where we are now where we want to be

(experimentally)
Wf space M




ATLAS EXxotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

[Ldt=(3.2-139) b Vs=8,13TeV
. miss _1 )
Model t,y Jetsi ET™ [rdt[fb™] Limit Reference
ADD Gk + g/q Oe,u j Mp n=2 1711.08301
g ADD non-resonant yy 2y X Ms n =3 HLZNLO 1707.04147
'% ADD QBH 2j . My n=6 1703.09127
(< ADD BH high ¥, p1 >leu >2j X M n =6, Mp = 3 TeV, rot BH 1606.02265
QEJ ADD BH multijet - >3] : Men . Mp = 3 TeV, rot BH 1512.02586
3 RS1 Gk — yy 2y - Gk mass 4.1 TeV 1707.04147
© Bulk RS Gy » WW/ZZ multi-channel Ggk mass 2.3TeV 1808.02380
< Bulk RS Gk —» WV — ¢vqq 1eu 2j/1J Gkk mass 2.0 TeV 2004.14636
W BukRSgkk — tt Te,u >1b, > 1J/2] ) gKk Mass 3.8 TeV 1804.10823
2UED/ RPP le,p >2b>3j KK mass 1.8 TeV Tier (1,1), B(AMY - tt) =1 1803.09678
SSM Z" — ¢t 2e.pu - Z’ mass 5.1 TeV 1903.06248
SSM Z’ — 17 27 - X Z’ mass 2.42 TeV 1709.07242
Leptophobic Z” — bb 2b . Z' mass 2.1 TeV 1805.09299
(%)
S Leptophobic Z” — tt Oeu >1b>2J Z’ mass 4.1 TeV r/m=12% 2005.05138
3 SSM W’ — ¢y 1ep - W’ mass 6.0 TeV 1906.05609
Q SSM W’ — 1v 17 - W’ mass 3.7 TeV 1801.06992
° S  HVTW - WZ - ({vggmodel B 1e,u 2j/14 W’ mass 43 TeV gv =3 2004.14636
a HVT V' - WV — gqqqqg modelB O e, u 2J V’ mass 3.8 TeV gv=3 1906.08589
u r eX e rl I I I e I l a O] HVT V' - WH/ZH model B multi-channel . V’ mass 2.93 TeV gv =3 1712.06518
HVT W’ — WH model B Oe,u >1b>2J W’ mass 3.2TeV gv =3 CERN-EP-2020-073
LRSM Wg — tb multi-channel . Wr mass 3.25 TeV 1807.10473
u I I l e I LRSM Wgr — uNgr 2u 1J Wg mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
re : a < h eve r 7 Cl qqqq 2j 21.8TeV 7, 1703.09127
e 0o o ° Clttqq 2e,pu - 358TeV. CERN-EP-2020-066
Cl tttt >teu >1b>1j 2.57 TeV |Cael = 41 1811.02305
Axial-vector mediator (Dirac DM) Oe,pu 1-4j Mmned 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
i, Colored scalar mediator (Dirac DM) 0 e, u 1-4j . Mmed 1.67 TeV g=1.0, m(x) = 1GeV 1711.03301
i VVyxyx EFT (Dirac DM) Oe,u 1J,<1j X M. 700 GeV m(y) < 150 GeV 1608.02372
!
wd Scalar reson. ¢ — ty (Dirac DM 0-1e,x 1Db,0-1J X my y =0.4,1=0.2, m(y) = 10 GeV 1812.09743
!
| Scalar LQ 1%t gen 12e >2j LQ mass 1.4 TeV =1 1902.00377
Scalar LQ 2" gen 12u >2j . LQ mass 1.56 TeV =1 1902.00377
Scalar LQ 3 gen 27 . LQ; mass 1.03 TeV B(LQ§ — br) =1 1902.08103
1 Scalar LQ 3 gen 0-1e,u 2b LO‘; mass 970 GeV B(LQJ - tr) =0 1902.08103
~ VLQ TT — Ht/Zt/Wb + X multi-channel T mass 1.37 TeV SU(2) doublet 1808.02343
: > » VLQBB - Wt/Zb+ X multi-channel X B mass 1.34 TeV SU(2) doublet 1808.02343
X E 3 a f‘a VLQ Ts/3Ts/3|Ts3 > Wt + X 2(SS)/>8 e,u j Ts/3 mass 1.64 TeV B(Ts3 > Wi)=1, c(TssWt)=1 1807.11883
0 £ 2 VLAY - Wh+X Y mass 1.85 TeV B(Y - Wh)=1, cr(Wh)= 1 1812.07343

VLQ B - Hb+ X

| B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
't VLQ QQ —» WgWq Q mass 690 GeV 1509.04261
g - ‘é’ Excited quark ¢* — qg q* mass only u* and d*, A = m(q*) 1910.08447
. O o Excitedquark g* — qy q* mass only u* and d*, A = m(q*) 1709.10440
A S E Excitedquark b’ — bg b* mass 2.6 TeV 1805.09299
N W @ Excitedlepton £* £ mass 3.0 TeV A=3.0TeV 1411.2921
R N b Excited lepton v* et . v* mass V A=1.6TeV 1411.2921
5 1
%, p. 4 Type Ill Seesaw 1eu 22j N® mass 560 GeV ATLAS-CONF-2018-020

Higgs bosonump

-

LRSM Majorana v
Higgs triplet H** — ¢£¢
Higgs triplet H** — (1
Multi-charged particles
Magnetic monopoles

Vs=8Tev V5

partial data

2u X Ngr mass
2,3,4 e, (SS) H** mass
3eurt . H** mass

- multi-charged particle mass

— - monopole mass
\/§ =13 TeV
full data

=13 TeV

870 GeV
400 GeV
1.22 TeV
2.37 TeV

10

m(Wgr) =4.1TeV, gL =gr

DY production

DY production, B(H* — (1) =1
DY production, |g| = 5e

DY production, |g| = 1gp, spin 1/2

Mass scale [TeV]

1809.11105
1710.09748
1411.2921
1812.03673
1905.10130

i e R e,

Ny

(for example)™~.

J _
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L ~
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Super precise
measurements could still
indicate new physics
even if it’s outside our
direct reach
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LHC Pagel Fill: 3819 E: 6500 GeV t(SB): 00:12:50 03-06-15 10:53:23

PROTON PHYSICS: STABLE BEAMS T H E C 0 N T R O L R 0 O M
6500 GeV 2 94e+11 2.94e+11
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00:00 02:00 04:00 06:00 08:00 10:00

BIS status and SMP flags
Comments (03-Jun-2015 10:48:25) Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In

the LHC is back in business!
(all IPs optimized)

Stable Beams
AFS: Single_3b_2_2_2 with_nc_probes PM Status Bl ENABLED BN € 1{T ¥ ENABLED



LHC Pagel Fill: 4307

450 GeV 05-09-15 15:33:59

STARGATE: OPEN

|

LHC Pagel Fill: 4306

0 GeV 05-09-15 03:52:52

STARGATE : NO BEAM

TED TI8 position: BEAM

-
=
v
-
-
o
-

BCT TI12: BPASELEEN [(B1): BRI

TED TI2 position: BEAM

TDI P2 gaps/mm

BCT T18: BOKCLEEVE |(B2): IRESRAERCE)

up: 9.99 down: 11.02

TDI P8 gaps/mm up: 8.25 down: 7.93

Comments (05-Sep-2015 14:33:30)

All your base are belong to us...

AFS: Single_Sb_3_3_3_wp

BIS status and SMP flags Bl B2
Link Status of Beam Permits
Global Beam Permit true M true |
Setup Beam true W true
Beam Presence true |

Moveable Devices Allowed In
Stable Beams

PM Status Bl ENABLED BNIEW{TERN YA ENABLED

TED TI2 position:

TED TI8 position:

BCT TI12: ECECILRVVN |(B1): ORSIERY

TDI P2 gaps/mm

0.00e+00 R 5.05e+08

up: 9.99 down: 11.02

TDI P8 gaps/mm up: 8.23 down: 7.95

Comments (05-Sep-2015 03:43:28)
several problem to be fixed

Imperial troops have entered
the base. Imperial troops have
entered the... [static]

AFS: Single_Sb_3_3_3 _wp

BIS status and SMP flags Bl B2
Link Status of Beam Permits
Global Beam Permit
Setup Beam true M true |
Beam Presence
Moveable Devices Allowed In
Stable Beams

PM Status Bl ENABLED  JUBI &I ENABLED

The LHC operators have a sense of humour sometimes :-)



LIFE AS A PHYSICIST

Inbox — CERN (744 messages, 673 unread)

GOOD MORNING, INBOX
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* Require immediate itervention:

* BBQ planning for week of July 12th.

IMPORTANT OPERATIONS PLANNING MEETINGS



LIFE AS A PHYSICIST

How to actually learn any new programming concept

. *\
IR

Q. M Ni\\
Essential

Changing Stuff and
Seeing What Happens

@1hePracticalDev

DO SOME CODING
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J T

LUNCHTIME! :)



LIFE AS A PHYSICIST

in 15 minutes

£ YES

Snooze

;,——.L : = r e & .~ '
e
7.\ SM Plenary Weekly Eloga==lul WE
- ).” » v\‘

F\Biar2 +~, \
7-\ Phase 1 Plenary during Up... | Close

~ in 15 minutes

o U
o

Snooze ~ ~ =

e affected by the mismeasurement of the momenta of the co ! B e
M*’ E/p paper Open Presentati... Close ‘X S '
'. --“ | 4

In 15 minutes r
CERN Snooze BUT WHAT ABOUT SECOND MEETING?

made on imgur

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



HOW IT'S GOING

Associate Scientist
at Fermilab

Postdoc at BNL 4
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PhD in particle physics,/"

Moved to CERN CERN

MSc in nuclear physics 4
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" BSc in physics
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“ School
HOW IT STARTED




Diagnosed with ADHD'NextCPCP HOW IT’'S GOING

UNESCO talk Undiagnosed b|polar
# Higgs boson* e g

discovery

COV|d 1 9

-
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Decide to study . Didn’t like astrophysics, switched

to nuclear/particle physics
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