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guarks leptons

(and gravity) ‘
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Mass:

Q Higgs
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nice ...

BUIT
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(0) is the Higgs ....
really the Higgs ?
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(1)
anti e

Big Bang:
equal amounts of matter
and antimatter created

Now:
we (matter) exist

Why?
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(2)
and the other 96% ?
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Many questions....

H
OWn-,anydim What is mass?
ensions? What about gravity?
es?
4 forc \\\\(\6
. d\éOgOQ’
12 matter particles? w@fo&‘e‘
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mMini Dlack holes?

What about the other 96% of the universe .....
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European Laboratory
for Particle Physics

Founded in 1954
20 member countries & 7,

More than 9,000 scientists

‘© CERN

il

Over 100 nationalities

Uncovering the Universe with the LHC @tarashears



1991 - 2000
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LHC:

2 beams of protons collide
40 million x a second at
near light speed 100m
underground

Recreating
conditions when
universe was a
billionth of a
second old ...
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CMS Experiment at the LHC, CERN| ("NAS
Tue 2010--Mar- 30 12:58:43 CET|—._
Run 132440 Event 2732271 »—
COM Energy 700TeViE—_=
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In praise of charter schools
Britain's banking scandal spreads
Volkswagen overtakes the rest

A power struggle at the Vatican
LY TEN- 1308 2082 RN When Lonesome George met Nora

g a 91: _ ‘_, T .
'science e
> \.‘ R

F‘ndmg the
Higgs boson
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fs =7 TeV JLdt=U.05 o™ Apr24, 2011

Events / 5 GeV

ATLAS Preliminary
H—)ZZ( )—>4I channel

[ ] Signal (mH=125‘GeV)
I Background zZ"’

B Background Z+jets, tt
—4— Data

Data - Background

~500 250 300 350 400 450 500
M, [GeV]




A Higgs?
The Higgs?

~1,000 papers /
year.

Combined
n=1.00+0.14

H — yy tagged
nw=1.12+0.24

H— ZZ fagged
nw=1.00+0.29

H— WW tagged

u=0.83+0.21

H — 1t tagged
n=0.91+0.28

H — bb tagged
uw=0.84+044

19.7 b (8 TeV) + 5.1 f5' (7 TeV)

1

m, =125 GeV

2
M

1.5
Best fit G/GS
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1 number

Measure of matter / antimatter difference
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And beyond
the Standard Model?

... Supersymmetry.... .

..dark matter?
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Standard particles

Quarks 0 Leptons 0 Force particles
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ATLAS SUSY Searches* - 95% CL Lower Limits

Model

MSUGRA/CMSSM 2-6 jets
44, rj—)rﬂ"]] 2-6 jets
iy, i—g¥) (compressed) 1y 0-1 jet
g Qﬁq(','ﬂ 0 2-6 jets
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28, 3oqqUeL/Ev k) 2e.p 0-3 jets
GMSB (7 NLSP) 1-27+0-1¢ 0-2jets
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GGM (higgsino-bino NLSP) ¥ 1b
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Gravitino LSP 0 mono-jet
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GMSB, stable 7, .¥] —»#@, f)+t(e. ) 124 -
GMSB, ¥] =G, long-lived ! 2y -
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LFV pp—v. + X, vr—e + 2e.u

LFV pp—v. + X, v,—e(u) + T lep+r

Bilinear RPV CMSSM 2e,u(SS)  0-3b
Y, \7|‘ —»\-'-”F\J.Jf?—r('('i',,. epv, dep -
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g—qqq 0 6-7 jets
2,1 (SS) 0-3h
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partial data
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mono-jet/c-tag Yes
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Mass limit

850 GeV

250 GeV

1.33 TeV

1.2 TeV
1.32 TeV

1.6 TeV
1.28 TeV
619 GeV
900 GeV
690 GeV
865 GeV

1.25 TeV
1.1 TeV
1.34 TeV
1.3 TeV

100-620 GeV
275-440 GeV
230-460 GeV
215-530 GeV
210-640 GeV

90-240 GeV

150-580 GeV
290-600 GeV

90-325 GeV
140-465 GeV
100-350 GeV
700 GeV
420 GeV
250 GeV
620 GeV

270 GeV
832 GeV
1.27 TeV
537 GeV
435 GeV
1.0 Tev

1.61 TeV

1.1 TeV
1.35 TeV
750 GeV
450 GeV
916 GeV
850 GeV

490 GeV

mig)=m(z)

m(F))=0 GeV, m(1% gen. )=m(2™ gen. §)
m(g-m(E) = mie)

m(E})=0 GeV

m(¥})<300 GeV, m(¥*)=0.5(m(¥})}+m(z)
m(i})=0GeV

tang >20

m(¥])>50 GeV

m(¥})>50 GeV

m(i))>220 GeV

m(NLSP)>200 GeV

m(G)>1.8 x 10~ eV, m(z)=m(g)=1.5TeV

m(t})<400 GeV
m(i) <350 GeV
m(¥})<400 GeV
m(¥})<300 GeV
mi¥})<90 Gev

miE})=2 mty)

m(E7) = 2m(i), m(¥})=55 GeV
m(¥])=1GeV

mi¥})=1 GeV

m{f)-m(¥})<85 GeV

m(¥})>150 GeV

m(¥))<200 GeV

m(t})=0 GeV

m(P))=0 GeV, m(Z, #)=0.5(m(¥ )}+m(¥}))
m(¥})=0 GeV, 0.5(m(F7 )}+m(t}))

m(E{ J=m(¥2), m(¥1)=0, m(f, 7)=0.5(m(¥ )+m(E?))

m(E7)=m(¥3), m(¥1)=0, sleptons decoupled
m(F7)=m(¥3), m(¥})=0, sleptons decoupled

m(F)=m(E2), m(¥!)=0, m(Z. #)=0.5(m(¥2)+m(i}))

m(FT)-m(F)=160 MeV, 7(¥)=0.2 ns
m(¥})=100 GeV, 10 us<r()<1000 s

10<tang<50

2<7(¥|)<3 ns, SPS8 model

1.5 <er<156 mm, BR{u)=1, m(t{)=108 GeV
A,,=0.10, 4;1,=0.05

A4,=0.10, d;233=0.05

m(g)=m(g), eTrsp<1 mm

m(E))>0.2xm{¥7), 4220
mF])>0.2xm(F7), 13320
BR(1)=BR(h)=BR(c)=0%

m(t})<200 GeV

Mass scale [TeV]

\s=7,8TeV
Reference

1405.7875
1405.7875
1411.1559
1405.7875
1501.03555
1501.03555
1407.0603
ATLAS-CONF-2014-001
ATLAS-CONF-2012-144
1211.1167
ATLAS-CONF-2012-152
1502.01518

1407.0600
1308.1841
1407.0600
1407.0600

1308.2631
1404.2500
1209.2102, 1407.0583
1403.4853, 1412.4742
1407.0583,1406.1122
1407.0608
1403.5222
1403.5222

1403.5294
1403.5294
1407.0350
1402.7029
1403.5294, 1402.7029
1501.07110
1405.5086

1310.3675
1310.6584
1411.6795
1411.6795
1409.5542
ATLAS-CONF-2013-092

1212.1272
1212.1272
1404.2500
1405.5086
1405.5086
ATLAS-CONF-2013-091
1404.250

1501.01325
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27 August 2011 Last updated at 06:41 GMT

LHC results put supersymmetry theory ‘on
the spot’

By Pallab Ghosh

Science correspondent, BBC News

Results from the Large Hadron Collider (LHC)
have all but killed the simplest version of an
enticing theory of sub-atomic physics.

Researchers failed to find evidence of so-called
"supersymmetfric” particles, which many
physicists had hoped would plug holes in the
current theory.

r
Theorists working in the field have told BBC

Supersymmetfry predicts the existence of mysterious

News that they may have to come up with a .
super particles.

completely new idea.




And beyond
SUSY?

Will the LHC create a black hole?

1000/\)\\- o= .

Certaly Waybe
not

Graphlam

... still looking....
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One year on from the Higgs boson find,
has physics hit the buffers?
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Now
what?
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ZAONRS

Upgrade
Maintenance }

Run 2: Energy increase
Run 2: Dataset increase
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What will we find?
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Reflections:

* Pick something you are interested in! Then you can't
go wrong.
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Reflections:

 Don’t obsess (needlessly).

« Learn to be (self-) critical, so you can rely on your
judgement.
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Reflections:

 Don’t obsess (needlessly).

 Be realistic.

« Try new things, new avenues, when you have a
chance. That way, you learn.
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Reflections:

Don’t obsess (needlessly).

Be realistic.

Be creative.

Careers only look logical in retrospect...
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Reflections:

 Don’t obsess (needlessly).

Be realistic.

Be creative.

Be brave.

Good luck!!
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