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The Author
- JOHN MILTON.

Something yet of doubt remains . . .

How Nature, wise and frugal, could commit LoNDoN,
. ' ted by S.Simmons, and are to be fold by
Such disproportions I. Helder at the Angel in Listle Brittaiv.
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The truth is, the Science of Nature
has been already too long made only
a work of the Brain and the Fancy:

It is now high time that it should
return to the plainness and
soundness of Observations on
material and obvious things.

Robert Hooke
Micrographia, 1665



Schem 1.

Hooke’s apparatus
1665
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Our apparatus

|/v

Proton-proton
Controlled environment
7 2 14 TeV CM energy

26.659 km circumference
9300 magnets
Lorentz factor ~7000
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Our detectors...

Robotic assembly of precision silicon tracker (2004 - 2005)
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The new boson
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> ~ - .
6 C fs=7Tev JLdt=0.05 o™ Apr24, 2011 ] Interesting decay modes:
2 30 —
E 255 . ZZ (2.6%)
] - ATLAS Preliminary ]
- H-22"-4l channel ] WW (22%)
20:_ [ Signal (m =125 GeV) Y (023%)
C B Background zZ" ]
15 B oo it Tt (6.3%) (4.50)  1501.04943
of —+= Data E bb (58%) (1.40)  1409.6212
°F E Interesting production modes:
n: |_*| |||||||||||||||||||||||||||||||| . . .
2 L i gg fusion (discovery)
2 VW —=>H (4.30) 1507.04548
Tk ] W/Z+H (2.50) 1506.06641
S 50700 150 200 250 300 350 400 450 500 tt + H (2_55) 1506.05988

M, [GeV]
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Dark matter 0940 (1 1 GeV)

Strings & things

Unification
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quarks (L&R)
Spin-1/2 leptons (L&R)
neutrinos (L&?)
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Extended higgs/sector
(2 doublets)
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Mass [GeV]
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Cross section in picobarns Total inelastic is 73 billion pb
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Stability — for dark matter candidate
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JETS + MISSING MOMENTUM

The signal...
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JETS + MISSING MOMENTUM

Background?

> neutrino
> miss
IDT

neutrino




JETS

From collisions

Jets:

Had. Calorimeter
E.M. Calorimeter
Tracks from vertex
In-time

b,c quark jets
= can decay
to neutrinos
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JETS + MISSING MOMENTUM

Measurements

Jets:
A¢ cut

Reduce:

Had. Calorimeter
E.M. Calorimeter
Tracks from vertex

Measure remainder
at small A¢
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JETS + MISSING MOMENTUM

From cosmics

Reduce by:

(a) requiring tracks
with jets

(b) look for muon
hits

Measure remainder:
(@) no beam
(b) timing 2




JETS + MISSING MOMENTUM

From beam halo

Reduce by requiring tracks with jets
Measure remainder with single beam / tlmmg
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JETS + MISSING MOMENTUM

Calorimeter noise

Reduce by
requiring tracks
with jets

Measure remainder
(a) no beam
(b) timing

aaaaa 22
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Events

January 2016

SM background

Alan Barr

SUSY contribution

Missing momentum
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Events / 4 GeV'?
S S
N w
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T T | T T T
ATLAS Preliminary e Data

\s=13TeV, 3.2fb" %4 Total background
SR 10j50-0b - Y

S l |

[ ] Multijet (=6-jet data)
[ Jtt—qlll
W —>v+jets
B Other
---- pPMSSM benchmark
---- 2-step benchmark

//////////

"8 10 12 14 16 520
E-TISS / \HT [Gev1/2]
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— Near-degenerate

()

b . Tough because low energy
= Neutralino jets and low missing momentum
) not lightest

c

fd
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= Can be

‘S Excluded

7))

n .

(1] High rate Low rate

Not enough
sparticles
produced

Mass of strongly produced particle
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Run-1 Summary of
Supersymmetry

Interpreted in the general
[19-parameter] pMSSM
— “phenomenological” MSSM
— R-parity conserving
— Neutralino LSP

Allow Sparticle masses up to 4 TeV
— 500 million models sampled

Apply prior experimental constraints:
— EW precision measurements
— Mass bounds e.g. from LEP, Tevatron
Q1 5p < Dpjanck

Consider carefully the remainder
— 310,327 : models before Run-1
— 30 billion : signal events simulated
— 44,559 : models required full simulation
— 600 million : signal events thru GEANT

Present exclusion (fraction of models) in
2D or 1D projections

1508.06608

Overall summary of 22 different

3'd generation Inclusive

Electroweak

Other

ATLAS Run-1 search papers

O-lepton + 2-6 jets + EF"™
O-lepton + 7-10 jets + ER'SS
[-lepton + jets + Eﬁpnss
T(7/0) + jets + EI™S
SS/3-leptons + jets + EM
0/1-lepton + 3b-jets + ET*
[-lepton stop
2-leptons stop
Monojet stop
Stop with Z boson
21>-jets + E_rlpiss

th+ EI'“iSS. stop
Lh

2-leptons
2-T

3-leptons
4-leptons

Disappearing Track

Long-lived particles

H/A - 571~
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m_, [GeV]

SUSY: Scalar quarks?

& producton§ 07 ATLAS pPMSSM: ';z? LSP
F 1 T T T ] T T Iimitsl atgl50° T A T 1 r T 1 j — 1 OOO | . : : . | . . . . 1 o)
- I ifi O, s=8 TeV, 20.3 fb” o 2
700E" (58 Tev,L-2010 Slmpllﬁed Ode sy 80— T ¥4 — az, [1405.7675 *0.81_%
600 :_ ATLAS, L= 4.?fb" s :557 TeV ---Expected 0-lep. + 2-6 jets + E:iss (1 non-degen. a)_: \g B w
T ; 19-parameter pMSSM [
C Xpecte! onojet ] 60 7_0 6 bo)
500 -] L s
- - =~ Expected  0-lep. Razor . i - -
00 e, - - ©
Yy i ] 400 045
3001 g I *g
200~ - 200 02"
ook Excluded E :
N % 500 1000 1500 0
200 400 600 800 1000 1200 N
m, [GeV] m(q) [GeV]

Squarks constrained below 500 GeV -1 TeV
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SUSY: Scalar tops and bottoms?

1, production, 1> b ¥ /1> ¢ %, /T Wb X, /1> 17, ATLAS pMSSM: 7(? LSP
45OI_I LI | | | 1T T | L | L I | T 1T 1] —_— 800 | | : I — ] — | | | l | — 1

- ATLAS 15=8TeV, 20" > s % L 1 ®

L ity tOLA1L combined O o7 \‘S=8 Tev! 203 fb O
400~ iy taL, SC ES O, i ~ -0 %

T O EEioWLIAIE  ww E S b — b1 — bX [1308.2631] 0.8 X

- =B Wby L, oL 13 1 O
30 miop to y ) 4 ¢ 600 d ®

[ oy tc, tiL 0370180 190 2%)[&;\(/)] S -3 gen. searches o

- : . i,
300: — Observed limits === Expected limits Al limits at 95% CL . —10.6 §
250~ 3 400 -

- - I 5
2001 - § 045
150 = 200 E

, ] - 0.2
1005 = :

= 0
: 0 200 400 600 800 1000
‘ I Lho1i 1 ~
200 300 400 500 600 700 800 m(b1) [GeV]

m; [GeV]

So...
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Run-1 search summary

\s=8TeV, 20.3fb™
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ATLAS PMSSM: 7° LSP
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100 |

luminosity ratio

January 2016

www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
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Events / 2.5 GeV
X

Dilepton + jets + MET

January 2016

B —e— Data .
B ATLAS %44 Standard Model ]
[ s=8TeV,20.3f" [ ] Flavour Symmetric ]
- [ ] Other Backgrounds -
r SR-Zee m(g)u=(700,200)GeV_
I m(g),u=(900,600)GeV T
:_ PR S | .......... _:
82 84 86 88 90 92 94 96 98 100
m, [GeV]

Observed: 29

Expected: 10.6 3.2
1503.03290
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Evenis / 20 GeV

N NN W W
o

_|IIII|IIlIIIIIIIIIIlllIIIIlIII

- ATLASPreliminary—e— pata 2015
~ \s=13TeV, 3.21b"
ee+up

IIII_I_LI_I_l

—— Standard Model (SM)

[ v (from y+jets)

|:| Flavour symmetric

|:| Rare top
D Wz/zZ

LI

T b L

50

100 150 200 250 300 350 400

Observed: 21
Expected: 10.3

m, [GeV]

https://cds.cern.ch/record/2114854
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We are here LHC schedule

EYETS ' 1s2 |

Shutdown/Technica

Protons physics

Commissioning

Total Integrated Luminosity [fb™]

ons ~ 4/fb

= - T 1 1 © T T 1 T 7 —
- ATLAS Online Luminosity /s=13Tev - Analysed for CERN End Of
5 [ LHC Delivered - Year Event (December 2015)
- []aTLAs Recorded . https://indico.cern.ch/event/442432/
4~  Total Delivered: 4.34 fb a1
C Total Recorded: 4.00 fb™ ]
3 =
2f- -
13 < E ~ 80/pb
o = => First results seen at
27/05 28/06 30/07 31/08 02/10 04/11 . ,
Day in 2015 this year’s Summer Conferences
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Standard Model Production Cross Section Measurements

Status: Nov 2015

[r— 80 ,Ub 1
0 —O— total (x2) s
11
S 10 o inelastic ATLAS Preliminary Theory
e 20 ub™*
N 6 63 b Run1,2 +/s=7,8,13TeV LHC pp 5 =7 TeV
10 E 0.1<pr<2TeV E
3 = BBl Data 45-491b! 3
i 0.3<m;<5TeV 1
10° F O LHC pp 5 =8 TeV .
- B Data 203! )
10* £ 1720 o 3
2 B on ! LHC pp 5 =13TeV .
C . . i
103 £ het A Zon,:} o BBl Data 85pb 4
- O 3
s 35 bt &ihX ]
o nj>2 n>10 t-chan 1
102 |- On nj>1 o ww -
E o 3
E n:>3 0n,-22 OW total 3
- o n; > 2 t 13.9&f_b" wiw .
10! F R e z 9P
3 nj>4 i .0 fb? e H—>Ww |
3 o IOy B W W -
" O n>4m25 " A e ]
1 L n;>5 an4I:I n>6 s-chan T = .
E © o] Zy 3
5 ezt a7 2] w 5
;>
L "&° © Ho WW A 1
].0_ ..F nj >8 _ ?_
: nx6 g waw — E
= n H-yy -
-2 n;>7
10 EF nj=> 7 n ?E
- H—ZZ—4¢ - .
- maw -
10 2]
PP Jets Dijets W Z tt t VW > H Vy ttw ttz tty Zjj Wyy wwsj
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