Cv) {)) UiO:University of Oslo

A trip through some ATLAS achievements

PHYSICS OF THE EARLY
UNIVERSE




All forces in nature obey a form of symmetry.

= Gauge-symmetry

The Standard Model (SM) describes interactions
between elementary particles grouped in 3 families of
quarks and leptons

Elementary Particles
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The Standard Model

= unifies Electromagnetism (long range, macroscopic,
photon has no mass) and Weak force (short range,
microscopic, W and Z are heavy) ...at high energies

Leptons Quarks

describes (almost) all current particle physics data
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Whole Universe swims in an invisible, cosmic field, Higgs-field, which acts on
particles and provide them with what 1s called mass.
All fields have associated boson. The Higgs-field has its Higgs-boson.

lll'
/
See Thursday’s lecture: The Higgs boson and beyond
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The Standard Theory of Particles and Forces

= Forces are dictated by (gauge) symmetries
= Fermionsin 3! = SU@3)*[SU(2), *U(2),] -  QCD + Electroweak (=" QED + Weak)

\
r'orces
W il
Z boson | photon

W g

= Symmetries of laws do not necessarily lead to symmetries of outcomes
Electroweak symmetry spontaneously broken — Brout Englert Higgs mechanism
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LHC Physics

= Particle collisions at LHC

= proton + proton
= Study Standard Model, including Higgs, in new energy domain
= Search for new physics capable of explaining various mysteries
= Beready for surprises

= LHCcollides also heavy ions: pb-pb and p-pb
= High energies and high densities
= New state of matter, quark-gluon plasmag, ...

N Physics — o Physics (f ‘Cdt) Beams

= Sensitivity to rare phenomena
= with small cross sections




Number of collisions

N=L.o(pp—X)

Luminosity L

n. of protons
per bunch

n. of bunches

'y »
2 n. of turns
L = N kbf per second

40,0,
N ———
7x10"2 eV Beam Energy \
10* ecm#s'  Luminosity _
2835 Bunches/Beam beam size at IP
10" Protons/Bunch (Oyy =16 um)
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Bunch Crossing 4 107 Hz

7 TeV Proton Proton
colliding beams

Cross-section

Proton Collisions 10°Hz
a Parton Collisions ;rf. - Very small
New Particle Production 10* Hz Py 'by‘_p Do for new
(Higgs, SUSY, .... . Pz processes
Vw

Selection of 1 event in 10,000,000,000,000
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ATLAS

Multipurpose Detector

45 m
e

—
ATLAS superimposed to Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
the 5 floors of building 40
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7000 Tons
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Let’s build ATLAS in ~ 1 minute .. or 3 or 5 http://www.atlas.ch/multimedia/4-muon-event.html#atlas-built-1-minute




One of the Norwegian contributions to ATLAS: “Semi
Conductor Tracker” (SCT) - O0slo, Bergen, Uppsala made
320 silicon-modules ~ 15% of ATLAS needs

ATLAS upgrade
=>Insertable pixel B-
Layer
=>» 3D-Pixel R&D




LHC and ATLAS performance

= Excellent LHC
performance 12>11>10

Max luminosity already 80%
of design value

2010: 0.05 fb* at 7TeV

= ATLAS recorded 90% of

luminosity delivered by
LHC - ~25fb*

= Excellent detector
performance > 4

Physics with ATLAS

35" ATLAS Online Luminosity

2010 pp Vs = 7 TeV
2011 pp \/s = 7 TeV
m— 2012 pp Vs = 8 TeV
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Month in Year

ATLAS p-p run: April-December 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT  TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

99.9 99.1 99.8 099.1 99.6 99.6 99.8 100. 99.6 99.8 99.5

All good for physics: 95.5%

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4™ and December 6% (in %) — corresponding to 21.3 fb'! of recorded data.
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eeun event
in p-p collisions

http://www.atlas.ch/multimedia/4-muon-event.html#2-electron-2-muon-event




He avy I on CO l ]_ i S io N http://www.atlas.ch/multimedia/4-muon-event.html#heavy-ion-event




Particle detection

Muon
Spectrometer

1 the various particles
have different
signatures in different
parts of the detector

Hadronic

1 by combining the

Calorimeter
various signatures, we
can reconstruct how
The dashed track I
The dashed iracks  the particle moved
S through the detector
Electromagnetic
Calorimeter

1
xxxxxxxxxxx

Solenoid magnet
Transition
Radiation

Tracking Tracker
Pixel/SCT

detector




Particle identification

http://www.atlas.ch/multimedia/4-muon-event.html#episode-2




ATLAS Computing

= More than 150 ooo concurrent jobs = More than 150 PB of data on disk & tape

Number of Physical Bytes (in TBs)
53 Weeks from Week 13 of 2013 to Week 14 of 2014

Running jobs

0
Apr2013  May2013  jun2013  jI2013  Aug2013 Sep2013 Oct2013 Nov2013 Dec2013 jan2014  Feb2014 Mar2014 r 201

u aod ntuj Mesd W raw

I usel fes M desdm M o
m Mg M hist

M d2aodm iraw M other d2aod

W tag esdm M d2esd M txt

M munt

“It would have been impossible to release so many results so
quickly without the outstanding performance of the Grid”

Physics with ATLAS 28/04/14 19



Access to physics

Full dataset 2010-2012 after typical selection cuts ~25 fb*

W=21Iv ~100 M
751 ~10 M Standard Model Total Production Cross Section Measurements  siius: iarch 2014

tt21+X ~0.4M
>400 Higgs

35 pb~! ATLAS Preliminary Runi +s=7,8TeV

8 105 b 5
b

- 35 pb ! LHCpp Vs=7TeV LHCpp s=8TeV 1
. A -
LHCis W/ ZI tOp 10 ? B theory theory §
factory [ B cata A% data ]
103 E_ —5
ATLAS made ; 203
discoveries, [ o 2031

o - B E
one per year —m—— 5

2010: Jet quenching
2011: New B meson
2012: Higgs

Physics with ATLAS



Why LHC

= Several accelerators / colliders built to
discover (among others) the Higgs particle

» LHC was planned not to miss the Higgs




\s=7TeV T

Higgs production
and decay at LHC

LHCHIGGS XS WG 2010
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The 125 GeV Higgs cake ..

Decays of a 125 GeV Standard-Model Higgs boson

charm/anti-charm, 2z YY  Z¥Y others

30 'l o/ 02% , 02/{ A
tau/anti—tau_%_é "3/'-..,.. |I‘,-_---____--~O.6/c

6%
2 gluons _
9%

bottom/anti-
bottom
57%




Everything in place?

L~40pb"
EF mu15
Y(Ws) ;’
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ATLAS Preliminary
Data 2010,\/s= 7 TeV
| | | L1 1l lI | | | | L1 11
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Anything new?

>
8 Selected diphoton sample
QV o Data 2011+2012
=~ Sig+Bkg Fit (m =126.8 GeV)
0 H
T Bkg (4th order polynomial)
0 ATLAS Preliminary
- H—yy
\s=7TeV, ILdt =481" _
| ) Invariant
\s=8TeV, |Ldt=20.7 fb
mass of
photons
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Higgs particle at 126 GeV!

Physics with ATLAS 28/04/14



Anything new?

® Data 2011+ 2012 ATLAS

SM Higgs Boson
B o oo H—ZZ* 4
\s=7TeV JLdt=4.61fb"
Is=8TeV JLdt=20.7fo

my=124.3 GeV (fit)
[ ] Background Z, ZZ*
I Background Z+jets, ff
7 Syst.Unc.

Events/5 GeV

Invariant
mass of 4
leptons

Higgs particle at 125 GeV

Physics with ATLAS 28/04/14



Higgs discovery?

HOWW- S Ivlv H>ZZ*> Il

R I I L B R
ATLAS -#- Data 2011+2012
Vs=7TeV [Ldt=a6t? % Total sig.+bkg.
\s=8TeV | Ldt=207b" Il SM Higgs boson
my =125 GeV
H—)WW'—)IVIY + 0/1 jets o ww
72/ O
7 I other Vv
[ single Top
] Wejets
- iy

[ e Data2011+2012 ATLAS
E I SM Higgs Boson H—Z7*—s4l
E MmeetaasCevi o I Tev JLdt=4.61b"

:_ [ Background Z, ZZ* 4
C [ Background Z+jets, {f Vs =8TeV ILdt =20.7fo

T %4 Syst.Unc.

Selected diphoton sample

. Data 201142012
Sig+Bkg Fit (mH=1 26.8 GeV)

Bkg (4th order polynomial)
ATLAS Preliminary
H-yy

Events / 2 GeV
Events / 10 GeV
Events/5 GeV

Ldt=20.7 fb™

TTTT[TT T [TITT

Vs=7TeV, ILdt =481"

\s=8TeV,

T T[T T[T T[T [ TTTT 77T

- Bkg. subtracted data
\:’ SM Higgs boson m, = 125 Ge

.+.
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m. [GeV]
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Events - Fitted bkg
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imi D:
L ATLAS Preliminary ;V;t(ib) (best it

~ \s=7TeV [Ldt=471b" vz
£7Z4 Uncertainty

L {s=8TeV [Ldt=2031b" £ VH(BD) (1=1.0)
0+1+2 lep., 2+3 jets, 2 tags
| Weighted by Higgs S/B

LA L L L L L L L B
ATLAS Preliminary ® Data

H— 1 VBF+Boosted ~ —— M129)=mr{u=14) 3
Bl 75

- [Lat=2031" B Others Fermions

[ ]
\s=8TeV Fakes

77, Uncent : Tau evidence 40
Bottom decays
still need be
confirmed

In(1+S/B) w. Events / 10 GeV
|H|||I|II

I|II|IHIIHIIlIIH‘IIHI

e e e e T e e e
— H(125)— tt (u=1.4)

L H(110)— 7t (u=1.8)
-=== H(150)— 7t (u=5.9)

Weighted events after subtraction

1 1 | 1 1 1 1 i
200 250
m,, [GeV]

w. Data-Bkg.




H e'Y'Y Vector Boson Fusion candidate at y/s=8TeV

2 converted photons and two high-mass jets

- Photons: (E; =80.1GeV, ) =1.01); (E;=36.2GeV andn =-0.17)

- Measured di-photon mass = 126.9 GeV

- Jets: (E;1 =121.6 GeV, n=-2.90); (E; =82.8 GeV, n=2.72); Mjj=1.67 TeV

A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
28/04/14 28



H2>ZZ 2 utu utu m,=127.4 GeV. m_,=86.6 GeV, m_,=31.6 GeV

@ATLAS

EXPERIMENT
http://atlas.ch

e

D
e —

“I"(’/:e-__, ————

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST



H-> ZZ* —ete ete- m,=124.6 GeV. m, ,=70.6 GeV, m,, =44.7 GeV

ATLAS

EXPERIMENT

http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST




AT[AS Run 214680, Event 271333760

" EXPERIMENT 17 Nov 2012 07:42:05 CET

H—>WW® —ev v+ 2 jets produced via VBF,
H-> WW* aa
.~ my=15TeV, |Ayjj| =6.6, m; = 21 GeV, my = 95 GeV
Starting from top left going clockwise):
electron p; = 51 GeV (green), muon p; = 15 GeV
(orange), jet (blue cone) p; = 68 GeV, E;™'s (dotted
red) 33 GeV, jet (cyan cone) p; = 42 GeV
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H— Ty Thiep; @Nalysis (VBF category), one T decays to an
electron and the other to a muon

H%n - Electron (green) pr =17 GeV; - Muon (red) p; = 20 GeV

. - E{Mss =43 GeV (dashed line); - 2 VBF jets (cones) m.=1610 GeV
candidate ., _i.6Gev .

CATLAS
) EXPERIMENT

Run Number: 209381, Event Number: 72873013
Date: 2012-08-28 04:17:16 CEST




H->b-bbar
candidate

@ATLAS

EXPERIMENT
http://atlas.ch

- 2 identified b-jets (p;=70 GeV, p;=65 GeV, m =122 GeV)

- 2 electrons (p;=63 GeV, pr=54 GeV).

Run:
Event:
Date:
Time:

209787
144100066
2012-09-05
03:57:49 UTC



N2

Vs =7 TeV j Ldt=0.02fb " Apr 18,2011

Events / GeV

ATLAS Preliminary
H—yy channel

A EXPERIMENT

WATLAS =

|
J

34



k _ _ >
H%ZZ 91-'_1 1+1 3 Vs =7 TeV J-Ldt=0.05fb'1 Apr 24, 2011
Te]
mE-s Gﬁss% E
<L:: 227 IS
—c R87: ATLAS Preliminary
<§ ; ; 3’3 H—>ZZ( )—>4I channel

Run:

[ ] Signal (mH=125'GeV)
B Background zZ"’

I Background Z+jets, tt
—4— Data

Data - Background

Understanding of "background” is important

Most of which is due to important physics at the
heart of the gauge structure [ symmetry of
electroweak interaction

Higgs showed up between 2 relatively busy
regions!

28/04/14 35



Event 271333760
17 Nov 2012 07:42:05 CET

Run 214680,

ATLAS
) EXPERIMENT

B

H>WW*>1vlv

ATLAS Preliminary —e— Data
s=8TeV,| Ldt= 0.0f’ I Ww

I Wz/zz/wy
[ tf

[ ] Single Top
P Z+jets

[ ] W4jets
B H[125GeV]

06.04.2012

H-WW''— evuv with 0/1 jet

Events /10 GeV

©
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0
D
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mrp = \//(E'{F{ + Erlllniss‘)'z _ (Pflf + P%nss)z

= Understanding of background is crucial
Most of which is due to important physics

at the heart of the gauge structure /
symmetry of electroweak interaction

"’/
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= Observed local p, o
as a function of T Observed pr T o ATLAS
the Higgs boson -
mass m, for the

'\/S = 7Tev Data 2011 Vs = 7 TeV
"~ E —Obs. 2011 | JLdt g’
data(blue), the +/s °E o Exp. 2011 -
. — Obs. 2012 Data 2012 \s =8 TeV
= 8TeV data (I’Ed) 11 Exp. 2012 J-Ldt=20.7 b
and their o =
: : 10 115 120 125 130 135 140 145 150
combination
my [GeV]
(black)

Physics with ATLAS 28/04/14 37



A new particle discovered

ATLAS Preliminary
—— Observed
= Local probability p, fora -- SM expected
background-only experiment
to be more signal-like than
the observation as a function
of m,

= Combination of all channels
tt and bb not all included yet

Vs =7TeV, [Ldt = 4.6-4.8 f
\'s = 8 TeV, |Ldt = 13-20.7 fb3

* 100 signal @ M~125.5 GeV
= Probability of background fluctuation: ~1072

Physics with ATLAS 28/04/14 38



From excess to discovery

progressive significance(p@) plots

[0 180
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Physics with ATLAS
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From excess to discovery

progressive significance(p@) plots
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Physics with ATLAS

eptons

1010 o e oo mmmmemans 180
118920 125 130 135
m, [GeV]

Higgs combinatio

10-15_

125

135

180

28/04/14



From excess to discovery

progressive significance(p@) plots

[0 180
115 120 125 130 135
m, [GeV]

Physics with ATLAS
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From excess to discovery

progressive significance(p@) plots

[0 180
115 120 125 130 135
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Physics with ATLAS
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From excess to discovery

progressive significance(p@) plots

4 Tepton Higgs combinatio

: .................... - : .................... | : ____________________ | PLB 07/2012

10 e e F- 7o T 0 ] I 180 10k e 180

115 120 125 130 135 115 120 125 130 135 115 120 125 130 135

m, [GeV] m, [GeV] m, [GeV]
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From excess to discovery

progressive significance(p@) plots

4 Tepton Higgs combinatio

- ................... - : .................... | o ) | PLB 07/2012

10 e e F- 7o T 0 ] I 180 10k e 180
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From excess to discovery

progressive significance(p@) plots

4 Tepton Higgs combinatio

PLB 07/2012

03/2013 Moriond EW

10 e e F- 7o T 0 ] I 180 10k e 180

115 120 125 130 135 115 120 125 130 135 115 120 125 130 135 >00

m, [GeV] m, [GeV] m, [GeV]
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ATLAS Prelim. —Gg‘ya;;,),c_ Total uncertainty
_ — G\theory
my = 125.5 GeV —_ o(theory + 1o onp
H— vy iy ; =
B 10.33 | 038 : =
LL_1'5770.28‘812 o
H— ZZ* - 4l o 5 1
-1 44+0.40 0.13 =
P e L T
Ho WW* 5 vy | o 5 1
-1 OO+0.32 ~0.19 =
H=T1.00 g0 s
Combined o f B
H%’Y'Y, Y474 ,W\iV1 35+0.21 +g::§ —
H=1-99 00085 i I
W,Z H— bb 08 :
_ O 2+O.7 +0.4 |__|
““ " 0.6 |<0.1 ) l ) | |-
H — 1t (8 TeV data only) lgé :
-1 4+O.5 ‘o3 T
=120 A A
Combined "oz !
H-bb, 1t +0.36 | 021
w=1.09 0.32 | 008 o, M
Combined o i
=1 30+018 -0.11 Lo
H=19U e | i

\s=8TeV [Ldt=20.3fb"

Decays to fermions — difficult channels
with high background — are a priority,

\s=7TeV [Ldt=4.6-4.8 10" -05 0 05 1
Signal strength (u)

especially bb (B~57%!)

Searches for rare decays started: Zy,
uy, .... Hidden decays, ...

1.5 2

Decays to bosons established,
evidence for Tr,

Measurements of the signal strength
parameter p for my, =125.5 GeV for the
individual channels and their combination

Combination of all channels
Consistency with SM: 1.30+0.18

Decays of a 125 GeV Standard-Model Higgs boson

charm/anti-charm, zz VY  Z¥Y others

0, ‘l a/ 0-2% 4, 0.2% 0,
tau/an‘a’-tau3___/0 ',3/'1.. I,.f'_‘-----"'_o'GA)

6%

2 gluons _
9%

bottom/anti-
bottom
57%




Higgs to Fermions

19.03.14

obs(exp)

%7 0.360 (1.64)

u=0.2
, -0.6

=14 4.10(3.2) el
e ATLAS

[m, =125.5 GeV]

=1.097"  3.70(3.4) -

2.10(2.3)

3.20(3.7) e
CMS

: . [m =125 GeV]
Combined fit [; = 0.83*°*  3.80(4.4) kA

-0.24

1 | 1 1 1 l 1 | 1 l 1
) 4 2 0 2 4
p,=0-36(0.05) Signal strength




Is the new boson a Higgs?

= Measure its quantum numbers! Spin, parity, c-parity: J°¢=?  If Higgs: o**

= Decay angle of H>vyy
Expected data (background not subtracted)

— S =0"(SM) —— Background
— =2 (100% gg) JP =2 (100% qq) OO F=0
(] Background

—
o
~
(2]
—
c
o
>
LL

Entries (normalised to unity)

B

|coso*|

o
w

ATLAS —Data 02 03 04 05 06 07 08 09 1

H—yy —F=0

|cos 07|
\s=8TeV [Ldt=207f" --JP—2*

o
o

>
=
c
S
o
2
o
@
L
©
E
S
o
b

- “The hypothesis of a spin-2 particle
(Graviton-like) produced by gluon fusion
is excluded at 99% CL”

o
-y
[¢)]

- Spin 1 cannot decay toyy ...
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Is the new boson a Higgs?

= Define production & decay angle for H>ZZ— 4l
Beam axis in the lab frame, the Z, and Z, in X rest frame and leptons in their
corresponding parent rest frames

>
=
-}
2 H— z2Z* — 4l
© \s=7TeV [Ldt=461"
2 02 naeh
T © \s=8TeV [Ldt=20.71b
= Likelihood JE
o
. = 0.15
ratio for
various
hypotheses

= Higgs-like boson found to be compatible with SM expectation of o*
when compared pair-wise with o-, 1+, 1—-, 2+, and 2-
" 0~ and 1* states are excluded at the 97.8% C.L.
= WW analysis leads to similar conclusions "




Standard Model: 31=3*2%*]

= SM very successful ...
= Higgs looks like Higgs and probably Standard & Minimal
* (For good or for bad?)

= LHCTop Laboratory
= SU(2)*U(2) gauge structure
= QCD works well ...




Top quark @ ATLAS ++

= Ttbar, single top cross sections T%\éé;gxn

g tg tg t
| ) LHC
| (87%)
(14 Tev)
g tag tg t

. .l - gl . .

roaon comonater Lot 8™ ATLAS+CMS Preliminary ~ Fev 2014
CMS dilepton L=2.3 o'

ATLAS lepton+jets* L=0.7 fo™' TOPLHCWG
CMS lepton+jets L=2.3 o'
TOPLHCWG combination® L= 1.1 fo'
ATLAS dilepton* L=20.3 fo™'
CMS dilepton L=5.3 o'

= Top mass, ...

=

Top quark mass measurements

ATLAS

Jlex o a'n'u'sk

102

Inclusive tt cross section [pb]

E- ATLAS lepton+jets® L= 5.8 o' [ 1

CDF -0 CMS lepton+jets® L = 2.8 fb" L 1 4

. |~ * Preliminary 250 N 7 b

L ' ]

CMS : 1

10 200¢ 1

DZERO L |+ ]

1oL T 1

Combined result —o—  173.34 £ 0.76 GeV/c? NNLO+NNLL (pp) s . ]
March 2014 = NNLO+NNLL (pp) 7 8

1

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

m, =172.5 GeV, PDF @ o uncertainties according to PDF4LHC
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single top-quark cross-section ¢ [pb]
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Electroweak symmetry validated at LHC

=  ATLAS results

Triple Gauge Couplings investigated
Quartic couplings — next step

Gauge boson self-coupling as predicted by SM
YWW, ZWW , Yes - No evidence of yZZ, ZZZ

NLO QCD (MCFM, CT10.0)
ATLAS Monte Carlo (MC@NLO)

Data 2011 (Ys=7 TeV) Data
Stat. Uncertainty

ZZ (pp)
J- Ldt=46fb" Full Uncertainty

-

(o)
=3
SN
=2
©

/dp_ [GeV]

NLO QCD (MCFM, CT10)
wees WZ (pP)(66<m <116 GeV)
— WZ (pp)(66< mH-:116 GeV)

fid
WwW

LHC Data 2012 (Ys=8 TeV) K
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o ATLAS ZZ-» ll(llivv) (66<m <116 GeV) L=4.6 fb" : LHC Data 2011 (1s=7 TeV)
® CMS ZZ- 1l (60<m“<120 GeV) L=5.0 fb" : ATLAS WZ— Il (66<m ‘<116 GeV) L=4.6 b’
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QCD Jets

= Inclusive Jet cross sections
QCD works well and fits data over 10 orders of magnitude!

L} T LN DL T L I ) L
anti-k, jets, R=0.6 yI<03(<10%)
Ldt=37pb ', V5=7 TeV 32 ﬂ ?2 ;r" 109
12<|y| <21 (x
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28« y| < 3.6 (>
36<|y| <4.4(x109

mouviowm
INIAIA I A

jL dt =451t
\s=7TeV
anti-k, jets, R =0.4

d’c/dm, dy* [pb/TeV]

Systematic
uncertainties

NLOJET++
CT10, u=p_exp(0.3 y*)

Non-pert. & EW corr.

Systematic
uncertainties
NLOJET++
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Non-pert. corr | | L
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; = 4.7 TeV! m; = 4.7 TeV
p/=2.3TeV
\ E_I_miss = 47 GeV

) EXPERIMENT

Run Number: 209580, Event Number: 179229707
Date: 2012-08-31 20:24:29 CEST




Grand Unification Theories (GUT) and
SuperSymmetry (SUSY)

= Current data also hint at a
unification between Strong and
Electroweak forces ... at much
larger energies, GUT scale.

Elementary Particles

= GUT is a symmetry between
Leptons and Quarks

= unifies strong and electroweak
forces

B,
S
>
o
(7))
c
2
o
—

= SUSY unifies "matter and force
particles”: "matter-force duality”

= relates particles of different spins:
Fermions-Bosons

= introduces super-partners to each
SM particle

= requires 5 Higgs particles

= provides DM candidate




SUSY helps Grand Unification

Forces Merge at High Energies
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LLP EW 3 gen squarks

Other

ATLAS & Supersymmetry

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: Moriond 2014 fL’dt - (4.6-229)fb! s=7,8TeV
Model &, T,Y Jets E‘T'“Ss JLam™ Mass limit Reference
MSUGRA/CMSSM 0 2-6jets  Yes 203 54 1.7TeV  m(g)=m(3) ATLAS-CONF-2013-047
MSUGRA/CMSSM Tleu 3-6 jets Yes 20.3 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
0 MSUGRA/CMSSM 0 7-10jets  Yes 20.3 4 1.1 TeV any m(g) 1308.1841
_g 44, qaq/f/ﬁ) 0 2-6jets  Yes 20.3 q 740 GeV m(t))=0 GeV ATLAS-CONF-2013-047
S 2z 34930 0 26jets  Yes 203 |Z& 1.3 TeV m(¥})=0 GeV ATLAS-CONF-2013-047
S 38, 3—q981 —>qqW )%, 1epu 36jets Yes 203 |& 1.18 TeV mpYI)<200 GeV, m(¥*)=0.5(m(¥})+m(2)) ATLAS-CONF-2013-062
%2} 38, §—=qq(LL/tv[vv)X) 2e,pu 0-3 erts - 20.3 g 1.12 TeV m(¥})=0GeV ATLAS-CONF-2013-089
_g GMSB (£ NLSP) 2e.u 2-4jets  Yes 4.7 4 1.24 TeV tanp<15 1208.4688
@ GMSB (¢ NLSP) 1271 0-2jets  Yes 20.7 4 1.4 TeV tang >18 ATLAS-CONF-2013-026
T:) GGM (bino NLSP) 2y - Yes  20.3 H 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
S GGM (wino NLSP) Teu+y - Yes 4.8 g 619 GeV m(¥})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 48 & 900 GeV m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes 58 |8 690 GeV m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 F'2 scale 645 GeV m(z)>107* eV ATLAS-CONF-2012-147
S5 gﬂbbAﬂ 0 3b Yes  20.1 g 1.2 Tev m(¥})<600 GeV ATLAS-CONF-2013-061
3 g gart/\/b 0 7-10jets  Yes 203 |2 1.1 Tev m(t)) <350 GeV 1308.1841
S o 2N 0-1e,u 3b Yes  20.1 I 1.34 TeV m()?‘,’)<4oo GeV ATLAS-CONF-2013-061
o0 g—obit| 0-1e,u 3b Yes 20.1 g 1.3 Tev m(¥7)<300 GeV ATLAS-CONF-2013-061
biby, by —>b)(1 0 2b Yes  20.1 by 100-620 GeV m(¥})<90 GeV 1308.2631
o o biby, bt} 2e,u (SS) 0-3b Yes 20.7 by 275-430 GeV mpﬁ) =2 m(¥}) ATLAS-CONF-2013-007
= .g 1,7 (light), xl—>b)?,i 1-2epu 1-2b Yes 4.7 # 110-167 GeV mp\"/,) =55 GeV 1208.4305, 1209.2102
S8 #ii(light), i »wbt) 2e,u 0-2jets  Yes 203 |7 130-210 GeV M) =m (@ )-m(W)-50 GeV, m(f,)<<m(¥;) 1403.4853
@8 Aifi(medium), -ty 2eu 2jets  Yes 203 |#& 215-530 GeV. m(E))=1GeV 1403.4853
= B 717, (medium), 7, al:Xl 0 2b Yes 20.1 {1 150-580 GeV m(¥))<200 GeV, m(¥;)-m(¥})=5 GeV 1308.2631
%’,*G 717, (heavy), r,—n,\/é 1epn 1b Yes 207 |h 200-610 GeV )= ATLAS-CONF-2013-037
~ O A (heavy)brl —X) 0 2 b Yes 20.5 4 320-660 GeV ) ATLAS-CONF-2013-024
a D i, -k 0  mono-jet/c-tag Yes 20.3 2 90-200 GeV v ATLAS-CONF-2013-068
i (natural GMSB) 2e.u(Z) 1b Yes 20.3 0 150-580 GeV 1403.5222
b, h—oi +Z 3e,u(2) 1b Yes  20.3 B 290-600 GeV 1403.5222
71 RlLR, (00 2ep 0 Yes 203 |7 90-325 GeV 1403.5294
5 XA =) 2e.p 0 Yes 203 | ¥ 140-465 GeV (Z,7)=0.5(m(¥F) +m(¥2)) 1403.5294
O XX, X1 —tv(r7) 27 - Yes 20.7 Xy 180-330 GeV X (%, 7)=0.5(m(¥})+m(¥})) ATLAS-CONF-2013-028
WS )zf 9 [LVfL[(W) vlLLG) Bep 0 Yes  20.3 )?1 )?; 700 GeV mET)=m(E3), m(¥1)= -0, m(Z, )=0.5(m(¥})+m(x})) 1402.7029
)?f“?ewxézx 2-3e,u 0 Yes  20.3 )?& )26 420 GeV m(e)=m(r3), m(;z )=0, sleptons decoupled | 1403.5294, 1402.7029
/\7]1/\7g—>W)?1/7X| Ten 2b Yes 20.3 b 285 GeV m(¥T)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
B @ Direct 117 prod., long-lived ¥;  Disapp. trk 1 jet Yes 203 |& 270 GeV m(EF)-m(E))=160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R-hadron 0 1-5jets  Yes 229 |2 832 GeV m(¥7)=100 GeV, 10 us<7(3)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, ¥ —#@, f)+r(e, ) 12K - - 159 | 475 GeV. 10<tanB<50 ATLAS-CONF-2013-058
S g GMSB X?ayc long-lived )((,’ 2y N Yes 4.7 X 230 GeV 0.4<7(¥))<2 ns 1304.6310
=l 33, X —qqu (RPV) 1p, displ. vix - - 203 |d 1.0 TeV 1.5 <ct<156 mm, BR()=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥; + X, ¥r—oe + 2e,u - - 4.6 Vr 1.61 TeV A;,,=0.10, 1,3,=0.05 1212.1272
LFV pp—¥: + X, ¥ —e(u) + 7 Tepu+t - - 46 |k 1.1 TeV 244,=0.10, 2,(233=0.05 1212.1272
> Bilinear RPV CMSSM Ten 7 jets Yes 4.7 7.3 1.2 TeV m(g)=m(g), ctrsp<1 mm ATLAS-CONF-2012-140
& K0T XS WH L Seei,. e, dep - Yes  20.7 )?z 760 GeV m@?.)>300 GeV, 412,50 ATLAS-CONF-2013-036
XX, X W X >t ety Beu+T - Yes 207 |9 350 GeV mpv )>ao GeV, 113350 ATLAS-CONF-2013-036
8—944 0 6-7 jets - 20.3 g 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—it, [y —>bs 2e,u(SS) 0-3b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 sgluon 100-287 GeV incl. limit from 1110.2693 1210.4826
2 Scalar gluon pair, sgluon—f 26,1 (SS) 2b Yes 143 | sgluon 350-800 GeV'| ATLAS-CONF-2013-051
‘O‘ WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 M* scale 704 GeV m(y)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147
M R | L L L PR R T A | L L L PR R T
Vs =7TeV VE?STeV Vs =8TeV 10-! 1
full data partial data full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



What & How ?

= Heavy gauge bosons, Z' and W/, = “Simple”
= From higher symmetry (e.g. E6) S|
breaking, and more o vy
= Composite models for quarks, ¥ - 77 WW.

and leptons, I
= with substructure scale A R
= Traditional

= Randal-Sundrum gravitons, G* and
= Jets or Rutherford — Hammer

= G%,,, from warped extra method
dimensions

: . = Missing
= Low-scale strings with large EDs, . Mi
= and TeV* Kaluza-Klein excitations of IX
vz = “Leptons-quarks-gauge

= Technicolor, Chiral bosons (W*/Z*) bosons-missing”
ADD = |nnovate

O




ATLAS & Exotica

Status: April 2014

Model

L,y

Mass limit

[Ldt=(1.0-20.3) fb!

Vs=7,8TeV
Reference

Extra dimensions

ADD Gkk + g/q

ADD non-resonant ¢£/yy
ADD QBH — (g

ADD BH high Ny

ADD BH high 3 p1

RS1 Gkk — ¢

RS1 Gy — ZZ — tlqq/lttt
RS1 Gk - WW — vy
Bulk RS Gxx — HH — bbbb
Bulk RS gkk — tt

Stz ED

UED

- 1-2j
2y or2e,u -
lepu 1j
21 (SS) -
>lepu >2j
2eu -
2ordeu 2jor—
2eu -
- 4b
leu 21b>1J/2j
2eu -

2y -

Yes

4.7
4.7

Gkk mass
Gkk mass
Gk mass
8KK mass
Mgk ~ R!

Compact. scale R™!

845 GeV
1.23 TeV
590-710 GeV Il

1.41 TeV

4.37 TeV
4.18 TeV

4.71 TeV

n=2

n=3HLZNLO

n==6

n =6, Mp = 1.5 TeV, non-rot BH
n =26, Mp = 1.5 TeV, non-rot BH
k/Mp = 0.1

k/Mp; = 0.1

k/Mp = 0.1

k/Mp =1.0

BR =0.925

1210.4491
1211.1150
1311.2006
1308.4075
ATLAS-CONF-2014-016
ATLAS-CONF-2013-017
1203.0718
1208.2880
ATLAS-CONF-2014-005
ATLAS-CONF-2013-052
1209.2535
ATLAS-CONF-2012-072

SSM Z' — ¢¢
SSM Z' — 77

SSM W’ - ¢&v

EGM W' —» WZ — v ¢/
LRSM W}, — tb

2eu
27
lepu
3epu
lepu

ATLAS-CONF-2013-017
ATLAS-CONF-2013-066
ATLAS-CONF-2014-017
ATLAS-CONF-2014-015
ATLAS-CONF-2013-050

Cl qqqq
Cl gqtt
Cl uutt

_ 2j
2eu -
2e,u(8S) 21b,>1j

7.6 TeV

13.9 TeV

n=+1
ne=-1
ICl=1

1210.1718
1211.1150
ATLAS-CONF-2013-051

EFT D5 operator
EFT D9 operator

- 1-2]
- 1J,<1j

MEE—

at 90% CL for m(y) < 80 GeV
at 90% CL for m(y) < 100 GeV

ATLAS-CONF-2012-147
1309.4017

Scalar LQ 15t gen
Scalar LQ 2" gen
Scalar LQ 3" gen

2e >2j
2pu 22]j

1e 1t 1b1]j

LQ mass
LQ mass

LQ mass

660 GeV
685 GeV
534 GeV

p=1
B=1
B=1

1112.4828
1203.3172
1303.0526

ATLAS-CONF-2013-018

Vector-like quark TT — Ht + X
Vector-like quark TT — Wb+ X
Vector-like quark BB — Zb + X

>2b,>4j
>1b, >3]
>2b

1enu
1eu
2e,pu

T in (T,B) doublet
isospin singlet

B in (B,Y) doublet

ATLAS-CONF-2013-060
ATLAS-CONF-2013-056

Heavy
quarks

Vector-like quark BB —» Wt + X 2e,u(SS) >1b,>1]j

B in (T,B) doublet

ATLAS-CONF-2013-051

Excited
fermions

Excited quark ¢* — qy
Excited quark ¢* — qg
Excited quark b* — Wt
Excited lepton £* — £y

1y 1]

- 2j
tor2epui1b2jorlj
2e,u,1y —

870 GeV

only u* and d*, A = m(q*)
only u* and d*, A = m(q*)
left-handed coupling
A=22TeV

1309.3230
ATLAS-CONF-2012-148
1301.1583
1308.1364

LRSM Majorana v
Type Ill Seesaw

Higgs triplet H** — ¢¢
Multi-charged particles
Magnetic monopoles

2epu 2j
2eu -
2e,u(SS) -

Vs=7TeV

H** mass
multi-charged particle mass

monopole mass

409 GeV
490 GeV
862 GeV

m(Wg) = 2 TeV, no mixing
|V.|=0.055, | V,|=0.063, | V;|=0
DY production, BR(H** — (£)=1
DY production, |q| = 4e

DY production, |g| = 1gp

1071

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

1

10 Mass scale [TeV]

1203.5420
ATLAS-CONF-2013-019
1210.5070
1301.5272
1207.6411




New phenomena in di-jets

= New physics

O

O

new particles could be produced,

new interactions between particles could
manifest themselves,

interactions resulting from the unification of
SM with gravity could appear in the TeV range

probe the structure of the fundamental
constituents of matter at the smallest distance
scales

- experimental test of the size of quarks.




Di-jet invariant mass

Background fit (x) = py(1 = x)P2xP3tPsInx

\s=7TeV, [ Ldt =48 b
® Data

—— Fit
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Excited quarks

q*—2qy

Exclude m(g*)<3.5 TeV @ 95% CL

IIIlIIIl IIlIIIIII IIIIIIII| IIIIIIIII IIIIIIIII IIIIIIII| T TTTIT

ATLAS
\5 =8 TeV
[ Ldr=203m"

e Data
—— Fit
q* (1.5 Tev)
2 (¥ (2.5 TeV)
-~ % (3.5 TeV)

| IIIII[II| IIIIIIIII IIIIIIII| IIIIIIII| IIIIIII1|

.. oA
1111

plobndolg AT AT

o
S

Physics with ATLAS

[ data - fit ] / fit

Modification of di-jet mass and
angular distributions

Observed & fitted di-jet mass:
8TeV data

Comparison to 4 q* models

My« >3.84 TeV (95% CL)

s=8TeV, [ Ldt = 13.0 fb
° [ data - fit ] / fit

----- q* PYTHIA 8 (1500)

g* PYTHIA 8 (2500)

---------- q* PYTHIA 8 (3000)

q”* PYTHIA 8 (3750)

- ATLAS Preliminary

Alk‘klklklkk‘kklklkk‘kAlklkk‘kklklk

1000 2000 3000 4000 5000

Reconstructed m; [GeV]

28/04/14



High p; leptons

= Transverse momentum & rapidity:
Muoni: p;=653GeV;n=0.99
Muon2: p; =646 GeV;n=0.85

" Invariant mass: M, ,=1844 GeV.

-

=) T

L -\

/-
o=

i
| ¥ \w'
m ¢ 27
B =
Run Number: 209353 \ ==

Event Number: 46681378
Date: 2012-08-27, 22:08:31 CET

7 g g Transverse momentum & rapidity:
Electron 1: p; =588 GeV; n=1.25

Electron 2: p;=584GeV;n=-0.29
Invariant mass: M, .=1541 GeV.




Search for Di-lepton resonances (ee, uu)
- New gauge bosons Z’ - Graviton G

ATLAS Preliminary e Data 2012
G* — up Search Oz
Ldt=201b" 5giboson
\s=8TeV G* (1000 GeV) x10
[JG* (2000 GeV) x100
k/M,, =0.01

ATLAS Preliminary e Data 2012

Z' — ee Search EZ’Y
. tt
Ldt=201fb" [)Dijet & W-Jets
Vs =8TeV [JDiboson
Z'(1500 GeV)
() Z/(2500 GeV)

Y T T
1 = pe
% ARSI -
100 200 300 400 1000 2000 3000
m,, [GeV]

Observed / Expected

200 300 400 2000 3000
me [GeV]

O
5]
B
@
Q
>
n}
-
B
c
o
1%
a
o

" Sequential SM = Randall-Sundrum Graviton
Mz >2.86TeV (extra space dimensions)
= (Superstring) E.-inspired models Mcs > 2.47TeV

M., >2.38 —2.54 TeV
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New gauge
boson W’ —>1v

http://cds.cern.ch/record/1692660

Limits on oB for W' in the combination
e,u channels

Transverse mass e V."_ prE®ss(1—cos gy,)

ATLAS Preliminary W = ev ® Data 2012
CJwW’(500)
\'s=8TeV CIW(1000)
[Ldt=203f"  CIW(3000)
w
mz
8 Top quark
[ Diboson
Multijet

ATLAS --e-- NNLO theory
Preliminary —e— Observed limit
Expected limit

Expected = 1o
Expected + 20

m,, > 0.4 m,,

—lv X
=8TeV, [Ldt=20.3fb" S

11|||||||1|||1||||||||1||I|||||||\||

500 1000 1500 2000 2500 3000 3500 4000
m,,. [GeV]

ATLAS Preliminary W —puv ® Data 2012

/ CJIW'(500)
\'s=8TeV CIW/(1000)
[Ldt=203f"  CIW(3000)

w
iz
8 Top quark
[ Diboson
Multijet




Physics of/beyond the Standard Model of EW+QCD

Despite enormous gains in mass reach since the previous experiments,
there is as yet no direct evidence for Supersymmetry or more exotic physics

beyond the SM.

ATLAS SUSY Searches* - 95% CL Lower Limits

s: Moriond 2014

&Y Jets Ep™ [raqm

MSUGRA/CMSSM

hiss nise)

GMSB (7 NLSP)

GGM (bino NLSP)

GGM (wino NLSP)

GGM (higgsino-bino NLSP)
GGM (higgsino NLSP)
Gravitino LSP

Inclusive Searches

i (ight), 71— WBT1
iy (medium), 7 —2t]

| (medium),

£
m
3
e
@
-
&
S
3

direct production

3

Tl U, (57,.66v)
Wiz

Wilhi)

Mass limit

miE})

TR oo oo B8 oo o o e o o

100620 GeV/
275430 GeV/
110167/GeV!
130-210 GeV
215-530 GeV

320660 GeV.

150-580 GeV/
290-600 GeV
90-325 GeV
140-065 GeV
180-330 GeV.

700 GeV.

NENNR

420 GeV
285 GeV

8K

270 GeV
832 GeV/

124
2y

1, displ. vix

X} W) K] —cefy. ey,
XWX v, ety
2944
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owever, we have collected only a few % of the data planned for the full
HC program and already in 2015 the doubling of the collision energy could
ield some surprises ... stay tuned
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= Higher luminosities &
energies from 2015

luminosity ratio
=

WJS2013

[James Stirling, Cavendish Laboratory, Cambridge University]
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= You want to learn more?

= join LHC Masterclasses | e
2011-12: J, Y, Z,Z' AN — -
2013: +Higgs-like SECEEN
> 2014: + Whatever-like we will discover

Get to work Discover the Unknown




Link to Z-Path

Outreach & Education H
= UiO has been leading the development of e =~ -3
educational material and methods based on fresh 7 2

LHC data through the International Particle Identifying particles
Physics Outreach Group (IPPOG).

= ATLAS Z° package, Invariant mass as a tool to
identify known short-lived particles and discover

new ones
allows high school students to work with real LHC data, Identifying events  Rediscover the Z boson
is the most popular among all packages from LHC J‘J
experiments. BN —3 A
Master classes 2012: 53 out of 143 institutes all over the ¢ 7 5 R

world conducted the Z-path, were a great success.

Get to work Discover the Unknown

= Compare students results to ATLAS measurement

ZI
MC

Invariant Mass

e D
ATLAS 2N

ILdt: 1.08 fo”

_ O
\s=7TeV £3Z'(1000 GeV)

CJZ/(1250 GeV)
CIZ/(1500 GeV)

£ ATLAS Preliminary

1oL Data 2010,NVs=7 TeV

1 []
1000 2000
M, [GeV]



Higgs search H—>4l1
ATLAS vs IMC Students

s ATLAS results » You have searched for Higgs {\

253 fb-1 * You have 2 candidates at ~125 GeV
. 1 compatible with what ATLAS has observed
The other event corresponds to ZJWw—=2 4l
[ e Data2011+2012 ATLAS p /w 4

L [ SM Higgs Boson

motzascevy — HZL=4 With 25 fb-1, you would see ~10 events on top of
E E Baf:;(gro;md Z Z(Z*) \s=7TeV JLdt =4.6 fb»1

- Background Z+jets, tt Vs=8TeV JLdt =20.7 fo” ve ry >ma ” baCkg round
30 7 Syst.Unc.

Events/5 GeV

. i M Data
Four lepton invariant mass

M Higgs MC 25 o™

100 150 200 250

m,, [GeV] 80 11 ; :

0 140 170 200 230 260 290 320

350 380
M(dl) [GeV]




Higgs search H->yy ATLAS vs Students

=  ATLAS results: H>vyy
25.5 fb-1 = clear signal = You have searched for

Higgs
Selected diphoton sample H %Y’Y Wlt h 1 -Fb_l

(] Data 201142012
Sig+Bkg Fit (mH=126.8 GeV)

Bkg (4th order polynomial)

Events / 2 GeV

ATLAS Preliminary You have several ! |_:

H-yy

candidates at ~125 GeV

Vs=7Te t=481" ' - \
TV,{Ld i You don’t have enOUgh ‘

statistics to reproduce

the ATLAS result With 25 fb-1, you would
clearly observe a signal on

top of a large background.

Vs=8TeV, |Ldt=20.71b"

Events - Fitted bkg

Events
Diphoton invariant mass Diphoton invariant mass M Higgs MC 25 b

M Background (MC)

110 115 120 125 130 135 140 145 150 165

160 120 125 130 135 140 145 150 155 160
Miyy) [GeV] Mlyy) [Ge
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High Energy Particle Physics - HEPP - Project

The goal of HEPP is to extend the frontiers of physics knowledge using
the advanced technology of the world's largest and highest energy
particle accelerator, the LHC, and, among others, the world's largest
particle detector, ATLAS, to discover the last missing building block of
the Standard Model of elementary particles, the Higgs boson, and
identify the new physics which may be expected in a previously
unexplored energy regime, the TeV scale.

Latest Results from the ATLAS Experiment

The HEPP project is part of the GAILAS
Norwegian CERN-related Bacee
program, funded by the
Research Council (RCN). The 6-
year period 2006-2011 came to
an end in December 2011.
Although the main activity has
been the ATLAS experiment at
the LHC, project members have
also been involved in theoretical
work related to and/or relevant
for LHC physics, in Grid
computing, in detector upgrade
activities, in the BABAR detector
at SLAC, as well as in a vast
outreach program towards young
students and media. The first 4-
year period of the current program (2012-2019) started in January 2012 with main
emphasis the ATLAS experiment. The partners UiO, UiB and HiG contribute with
permanent staff members and PhD students. Post-docs are funded by RCN, as well as
hardware, computing and operation of ATLAS.

Proton-proton collision leading to two Z particles: one Z
decays to two muons, the other to two electrons. This is
one of the Higgs candidates. Photo ATLAS.

Physics with ATLAS

Contact

Project leader: Prof. Farid
Ould-Saada

Deputy: Prof Anna Lipniacka

Participants

= Farid Ould-Saada

= Alexander Lincoln Read
= Lars Bugge

= Steinar Stapnes

= Are Strandlie

= Are Raklev

= Jan Olav Eeg

= Torsten Bringmann

List all participants k4

Participants: UiB

(=

HEPP Twiki

~

esearch actfivities

= ATLAS Physics
= ATLAS Upgrade
= Computing

= Theory
Outreach
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Supersymmetry
Higgs

Exotics
Combined
performance

Pixels

o- Insertable B-
layer

1- Atlas Forward
Protons

2- New Inner
Tracker ITk

NorduGrid ARC
AtlasTier-1, Tier-2
NelC, USIT, Uninett
ATLAS
computing,
software, data
management,
operations, HPCs

IPPOG
IMC

Education material
Dissemination .




Ui0/HEPP @ ATLAS JUST in

SCT, 3D-pixels, silison sensors
= New pixel layer, 3D-pixel R&D in prep of New tracker

= Computing, Grid, New software developments S

gs
H->yy channel

= Charged Higgs search
= Higgs for education yo u
°  (H>7t:UiB)

= (H>ZZ*->1lll: UiB)

[ ]
= Super-symmetry m I h'l'
= Sleptons: super partners of leptons

= Gauginos: super partners of gauge bosons & Higgs

SUSY phenomenology

Supersymmetric Higgs e
(SUSY with taus: UiB)

= Exotic particles

o
= New gauge bosons, including superstring-inspired | nTe r‘es
o 22U, Wl

- New space dimensions: Graviton: G=>Il, Blackholes
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