Discovery Cenfer:
ATLAS Physics

Mogens Dam




LHC Performing very well
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Multiple pp interactions per X'ing

S g - £ 3 B A g o o

ATLAS Online Luminosity i Runni ng at 50 ns instead
D Vs=8TeV,[Ldt=1401b", i>=200 b
[ Vs=7TeV, ﬁ_dt =5.2fb", <u>= 9.1

Beam Spot Size o, ATLAS Preliminary

Fills 2471 - 2739 Vs =8TeV
Apr 2012 - Jun 2012

Recorded Luminosity [pb0.1]

Luminous size o, [mm]

10 15 20 25 whifh ¢ ’HJ‘M’W’N“M,

Mean Number of Interactions per CrOSSing 2&02 Apr12  Apr22 May02 May12 May 22 01 Jun12 Jun22
Time (CET)

§ 20-30 vertices |
tover 45 mm 3§
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ATLAS recording efficiency high

ATLAS Online Vs=8TeV

Total Efficiency: 93.7%

ATLAS Online Luminosity \s=8TeV
[ LHC Delivered
|:| ATLAS Recorded

Recording Efficiency [percent]

Total Delivered: 19.9 fb'

. -1
16/09 11/11 Total Recorded: 18.7 fb

Day in 2012

Total Integrated Luminosity [fb ]

670 man Yyear per year.

, ; 0L
{_ About 25% of every ATLAS 28/03  23/05 18007 12009 07/
fmembers time. Day in 2012
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SM Higgs @ 125 GeV (?)
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Spin/CP Analysis

ISP R O EriC R Gaer A e —

L In H->ZZ*->4l, sensitivity to spin/ } { Example on BDT based analysis |
{ CP through 5 production/decay
iangles and 2 inv. masses.

Y et
~

1 to separate O~ from O*

~ o g o= K ~

ATLAS Preliminary

det =130f0" V5=8TeV

-08 -06 -04 -02 0 02 04 06 08 1
BDT angle response

ATLAS Preliminary —4- data

B H—2Z—41 (0)
det=13.0fb" fs=8TeV 0 Zz—41

B Z—l+jets

.14 -1.88 -063 063 188 3.14
Ly

0+ 0- cross-checked using the Neural Net.
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Higgs -> tautau

—o— Data
— 5 x H(125)>1t
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77/~ Bkg. uncert. " Same Sign Data
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Bl Zot

0 Multi-jet
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Events / 16 GeV
Events/ 10 GeV

tautau have sizable xsects.
§ Both channels obscured by  §
i large QCD background. ;
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Higgs -> tautau
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Tau Identification & Performance

tau decay '
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Standard Model
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Rediscovering Standard Model

ATLAS Preliminary

I IIlel

LHC pp \s =7 TeV
Theory
m Data 2010 (L =35 pb")
o Data2011 (L=1.0-4.7 ")

I IIHII|

LHC pp \s =8 TeV
s Theory

e Data 2012 (L=5.8fb")

I IHIIII| | IHI[II|
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Dibosons

Gauge boson self-coupling
Bckg. to Higgs and other searches
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ATLAS Data 2012 ({s=8 TeV)
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Diboson production: Trilinear Gauge Couplings

Model independent parametrisation of new
physics operating at a much higher scale is
introduced via generic operator expansion.

As example ZZ production:

Lroe = — [ £/(0:V*")2a(0°25) + (9" Vou 2" 25)|
V4

f.” where V = {Z,~} and i = {4,5}

Measurements of Trilinear Gauge Couplings provide sensitive tests of the symmetries in the SM.

e L e B T e
'-ATLAs_jL'd.= o | 95% C.L. limits from WW production
Ns=7 TeV, A=co | T ATLAS (4.6 fb'!, A=6 TeV)
- ATLAS (4.6 fb', A=)
Zzz ATLAS, J-Ldt —1.02m" : 1 CMS (36 pb’'. A=c<)
B LEP (2.6 fb'")
Ns=7TeV. A= 2Tev I CDF (3.6 fb', A=2 TeV)

DO (1 fb', A=2 TeV)
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oo fia-rw §So far,  §
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zz i . i -
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Search for new phenomena in Dijets
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s HYEl |- excited quarks below 2.83 TeV

Contact Interaction: A = 7.5 TeV

el VLI SIER | - colour octet scalars below 1.86 TeV
L°we'°°""da"’°fs°a'°h'”'f"._é BEEEN |- heavy W bosons below 1.68 TeV

3 - string resonances below 3.61 TeV

quantum black holes with ... below 4.11 TeV

0.05] I ¢ 3
P : ¢ - quark contact interactions composﬂrness scale 7.6 TeV ,

| | | | 1 1 |
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SUSY Searches
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SUSY Summary

MSUGRA/CMSSM : 0 lep +j's + E.
MSUGRA/CMSSM : 1 lep +j's+ E
Pheno model : O lep +j's + E

Pheno model : O lep +j's + E

Gluino med. % (G—qGx) : 1lep +j's +E
GMSB 2 Iep (OS) +js +E

T,miss
T,miss
T,miss
T,miss
T,miss

g—>be (Ovrrtualb :0lep+1/2b-j's+E
g—>bb (glrtual b) Olep+3b-j's+E
9—>|ng (real b) Olep+3b-j's+E
g—>ttx 0(vrrtual t) 1lep+1/2b-j's+E
g—>ttx (vrrtual t) 2lep (SS) +j's+E
—>th1 (virtual H:3lep+js+E
g—>ttX_LSV|rtuaI t) 0 lep + multi-j's + E
g—>ttx wrtual) Olep+3 b-j s+E

T,miss
T,miss
T,miss
T,miss
T,miss

T,miss

gluino mediated

T,miss

T,miss

bb, b,—>bx. :0'lep + 2-b-jets + E
bb, b, — —ty :3lep+js+E

it (very Ilght) t—>bx 2lep+ E

Tt it (light), t—>b§Z+ 1/2 Iep +b-jet+ E
tt (heavy), t%txo Olep + b-jet + E
it 1t (heavy), t—>txtb 1lep + b-jet+ E
it (heavy), t—>ty 2lep +b-jet + E
Tt (GMSB) Z(—>II) +b-jet+ E
0T, 2lep + E

2 lep + E

T,miss
T,miss
T,miss
T,miss
T,miss
T,miss

T,miss

T,miss

T,miss

Stable g g R- hadrons FuII detector
Stablgt R-hadrons : Full detector
Metastable g R-hadrons : Pixel det. only
GMSB : stable®

RPV : high-mass eu

Bilinear RPV :1lep +j's + E

BC1 RPV 4lep+E

T,miss

T,miss

Hypercolour scalar gluons : 4 jets, m; = m,
Spin dep. WIMP interaction : monOJet+E
Spin indep. WIMP interaction : monojet +E

T,miss

ATLAS SUSY Searches* -

95% CL Lower Limits (Status: SUSY 2012)

T miss -

Fmiss -

T.miss .

| | I 1T T T 11
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-109]

L=5.8 fb™", 8 TeV [ATLAS-CONF-2012-104]
L=5.8 fb™", 8 TeV [ATLAS-CONF-2012-109]
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-109]
L=4.7 fb™', 7 TeV [ATLAS-CONF-2012-041]
L=4.7 fb™", 7 TeV [Preliminary]

L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-112]

L=4.8 b, 7 TeV [ATLAS-CONF-2012-072]

L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-105]

L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-103]

L=4.7 fb”', 7 TeV [ATLAS-CONF-2012-106]
L=4.7 fb”', 7 TeV [ATLAS-CONF-2012-108]

L=4.7 fb™', 7 TeV [CONF-2012-059] 135 GeV T mass
L=4.7 fb™, 7 TeV [CONF-2012-070] 120-173 GeV T mass (m(x ) = 45 GeV)

L=4.7 fb”, 7 TeV [1208.1447]
L=4.7 fb", 7 TeV [CONF-2012-073]
L=4.7 fb", 7 TeV [CONF-2012-071]
L=2.1fb", 7 TeV [1204.6736]
L=4.7 fb™", 7 TeV [CONF-2012-076]
L=4.7 fb™", 7 TeV [CONF-2012-076]
L=4.7 fb", 7 TeV [CONF-201

L=4.7 fb", 7 TeV [ATLAS-CONF-2012-111]
L=4.7 fb™", 7 TeV [ATLAS-CONF-2012-075]
L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-075]
L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-075]
L=4.7 fb™", 7 TeV [ATLAS-CONF-2012-075]

L=4.6 fb™, 7 TeV [ATLAS-CONF-2012-110]
L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-084]

L=4.7 b, 7 TeV [ATLAS-CONF -2012- 0r4]
] ] 1 11

gaHBoGeI | mass (m(x )=0)

T 11 —T_ T 1
=g mass

150Tev (Q
1.24TeV. g =g mass
1.18TeV| g mass (m(@ <2 TeV, lightx,)
1.38 TeV q mass (m@) <2 TeV, ||ghtx %)
900Gev’ g Mass (m(x ) <200 GeV, m(y") =
1.24 TeV g mass (tanB < 15)
1.20TeV! g mass (tanﬁ > 20)
1.07 TeV_ g mass (m(x ) > 50 GeV)
g mass (m(x ) < 300 GeV)
g mass (m ( )<4oo GeV)
9 mass (m(x ) 60 GeV)
[s] mass (m(x )< 150 GeV)
850Gev. J mass (m(x ) < 300 GeV)
g mass (any m( )<m(g))
1.00 TeV g mass (m 1) <300 GeV)
g mass (m( ) <50 GeV)
9 mass (m(x, % = 60 GeV)
480 GeV b mass (m(x )< 150 GeV)
380 GeV g mass (mGc) = > mly, ")
(m(x ) = 45 GeV)

I 1T 11 I| | | | |
f Ldt =(1.00 - 5.8) fb™
Is=7,8TeV
ATLAS

Preliminary

-(m( +m(@)

380-465 GeV tmass
230-440 GeV Tmass (m(x ) 0)
298-305 GeV tmass (m(x)_ )
310 GeV t mass (115 <m(x ) <230 GeV)

(m(x 9)=0)

 120-330GeV ¥, mass (M) =0, m(iy) = 2(m(x ) +me, Bl
X, mass  (mG; %) =mle), mix.) =
(1 <r(x )< 10 ns)
985 GeV g mass
g83Gev] t mass
g10'Gev! g mass (@ >10ns)
310GeV. T MasS (5<tanp < 20)

0, m(lv) as above)

210 GeV %T mass

vV, Mmass (x,,=0.10, 2,
G=gmass (cr,s<15mm)
g mass
Gmass (3.0x10° <k, <15x10°
100-287 GeV sgluon mass (incl. limit from 1110.2693)
709Gev. M* scale (m, <100 GeV, vector D5, Diracy)

548GeVv. M” scale (m, <100 GeV, tensor D9, Diracy) |
L1 1 1111 l L1 1 1111

1,=0.05)

, 1 mm < ct <1 m,g decoupled)

10"

*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Search for Heavy Long-lived Particles
sleptons, R-hadrons, ...

=y
o

=

.,’A Aggressive exploitation of ATLAS particle
f identification capabilities: "
{ - Specific ionisation in the Pixel silicon

dE/dx (MeV g' cm?)

{ - Time-of-flight in calorimeters and Muon System }

9

8

7
of
5F;
4
3
2 -
1 -

15 2 25
qp (GeV)

N

ATLAS 0

Calorimeter + MS ,
Ldt=4.7f0" .
s -] (|

Data 2011 (Vs =7 TeV) Data 2011 ({s=7Tev) * |

Mean = 1.000
30 o=0.035

o
S 180 ATLAS

Calorimeter

Muons / 0.01

MC, Z — uu
20 Mean = 0.996
o =0.033

10

0 02 04 06 08 1 12 1.4 ® 02704 0808 1 12 14
B B
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I-Ieavy Long lived Particles

LIS ILIA I T 1 T T I T T 7 71 T 7T : L] l T T I . 1 LI l L
AT S { Data(2011,{5=7TeV) | ATLAS
‘]» Ldt=4.7 b’ . —FuII Detector:
« ———— Bkg estimate = 1o (syst) :
4 g

[
o
N

" Mass oF candlda’res
t established through
t measurement of

o

N U8 8§88 11 8 81111 83—t}

GMSB A=90 TeV tanf=10 3

Candidates/ 10 GeV

- GMSB A=110 TeV tanf=10-

momentum, p :
i) velocity, B or By §

| l | l | l 11

ool 11n1u|

L1l llllll

- P~ - . .Signana(msoocew-

| Analysis setting |
t limits on many

t possible LLPs:

stau in GMSB

t - directly produced

{ sleptons

i - R-hadrons (gluino, §
f stop, sbottom) ;

L l Ll 1l L l A — l Al 1l Ul l:_;-m E I E:I 1 I— 200 1 l400l L .wol 2 |860I L .1&0|
100 200 300 400 @ 500 600
min(m,,m,) [GeV] m [GeV]

Signal region -

-

o

- ATLAS

- MS-agnostic 4 Data 2011 ({5 = 7 TeV)

det 47" Bkg estimate = 1o (syst)

lllllllllllllllllllllllllllll

- ATLAS

[ |D-only ~4- Data 2011 \s = 7 TeV)

L ; Bkg estimate = 1o (syst)
Ldt=4.7 fo -- Signal § (m = 500 GeV) —

- Signal § (m = 800 GeV)

1 111
1 Ll L1l

2

LI lll'lll

-=-*Signal § (m = 800 GeV)

.-

Candidates / 20 GeV
L L i1l ll
Candidates / 20 GeV

L lllllll

LI} lllllll
L1 Illllll
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)

L
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Other Searches
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“Exotics” Summar

Large ED (ADD) : monojet + E
Large ED (ADD) : monophoton + E ..
Large ED (ADD) : diphoton, m,,
UED : diphoton + E i
RS1 with k/M;, = 0.1 : diphoton, m,,
RS1 with k/M, = 0.1 : dilepton, m,
RS1 with k/Mp, = 0.1 : ZZ resonance, my,
RS1 with k/M, = 0.1 : WW resonance, m;
RS with BR(g —tt)=0.925 : tt — I+jets, m
KK tt.boosted
ADD BH (M, /M,=3) : SS dimuon, N

ch. part.
ADD BH (M., /M,=3) : leptons + jets,>p

Quantum black hole : dijet, F (m1

qqll Cl : ee, un comblned m
uutt Cl : SS dilepton + jets + E

7' (SSM) : m

W' (SSM) iy,
W'(—tq,g =1): m,
W', (— tb, SSM) : m

Scalar LQ pairs (B=1) : kin. vars. in eejj, evjj
Scalar LQ pairs (B=1) : kin. vars. in uujj, uvjj
4" generatlon t't'— WbWb

4" generation : b'b'(T 5 Vi) = WEWL

New quark b’ : bB'— Zb+X, m,

Top partner : TT — tt + A A (dilepton, MT2
Vector-like quark : CC,m,,,

Vector-like quark : NC, My,

Excited quarks :y-jet resonance, m

Excited quarks : dijet resonance, m

Excited electron : e-y resonance, m_

Excited muon : u-y resonance, m
Techni-hadrons (LSTC) : dilepton, mee,MM
Techni-hadrons (LSTC) : WZ resonance (vlll), m rwz
Major. neutr (LRSM, no mixing) : 2-lep + jets

W, (LRSM, no mixing) 2-lep + jets
H* (DY prod., BR(I—F —uw)=1) : SS dimuon, m,

Excited
fermions

Color octet scalar : dijet resonance, m

*Only a selection of the available mass limits on new states or phenomena shown
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ATLAS Exotics Searches* - 95% CL Lower Limits (Status: LHCC, Sep 2012)

L=1.0 fb™, 7 TeV [1202.5520]

T 1T T T 1711 1 1
M, (5=2)
M, (5=2)
Mg (GRW cut-off, NLO)
Compact. scale 1/R
Graviton mass
Graviton mass
Graviton mass
Graviton mass
KK gluon mass
M (5=6)
M, (5=6)

ATLAS

Preliminary

det=(1.0-6.1)fb'1
Is=7,8TeV

M (6=6)
78Tev A
10.2TeV| A (constructive int.)

L=4.8 fb™, 7 TeV [ATLAS-CONF-2012-038]
L=1.1-1.2 fb™, 7 TeV [1112.4462]
1.7TeV. A

L=5.9-6.1 fb”', 8 TeV [ATLAS-CONF-2012-129] 2.49Tev. Z'mass

L=4.7 fb™, 7 TeV [1209.4446]

1.3TeV Z'mass
2.55TeV. W'mass

L=4.7 fb™', 7 TeV [ATLAS-CONF-2012-067]
L=4.7 fb™", 7 TeV [1209.4446]
L=4.7 fb™, 7 TeV [CONF-2012-096]
L=1.0 fb™", 7 TeV [1205.1016]

350 GeV. W'mass
1.13Tev. W'mass
2.42Tev. W* mass
660Gev 1" gen. LQ mass
685Gev 2™ gen. LQ mass
656 GeV  t'mass
670 Gev b’ (Tm) mass
400 Gev b'mass
483 GeV T mass (m(AO) <100 GeV)
1.12Tev. VLQ mass (charge -1/3, coupling x,q = v/mg)
1.08Tev. VLQ mass (charge 2/3, coupling K ,q =v/mg)
2.46TeV. Q* mass

L=1.0fb™, 7 TeV [1112.4828]

L=1.0 fb™", 7 TeV [1203.3172]

L=4.7 b, 7 TeV [Preliminary]

L=4.7 fb™", 7 TeV [ATLAS-CONF-2012-130]
L=2.0fb™, 7 TeV [1204.1265]

L=4.7 fb™, 7 TeV [1209.4186]

L=4.6 fb™", 7 TeV [ATLAS-CONF-2012-137]
L=4.6 fb™, 7 TeV [ATLAS-CONF-2012-137]
L=2.1fb", 7 TeV [1112.3580]

L=5.8 fb™", 8 TeV [ATLAS-CONF-2012-088] 3.66 TeV. (* mass

L=4.9 fb™, 7 TeV [ATLAS-CONF-2012-008]
L=4.8 fb™, 7 TeV [ATLAS-CONF-2012-008]

2.0TeV| e* mass (A =m(e*))
1.9TeV. u* mass (A =m(u*))
p,/w; mass (m(pT/u)T) -m(w;) = MW)
p, mass (m(pT) =m(m;) + my, m(aT) =1.1 m(pT))
N mass (m(WR) =2TeV)
Wz mass (m(N) < 1.4 TeV)
H* mass

Scalar resonance mas

10

102

Mass scale [TeV]




34 Generation Leptoquark search

Electron channel

' ATLAS Prellmmary* Dm 2011
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Monopole Search

Searching for magnetic monopoles trapped in accelerator material at the Large Hadron Collider
M. Dam Joergensen, A. De Roeck, H.-P. Hachler, A. Hirt, A. Katre, P. Mermod, D. Milstead, T. Sloan

Pass interaction region accelerator
material through SQUID.

Observed current and would be
signal from monopole

D

—aA

o
o

Imagnetometer currentl / 1

Planning to build facility to analyse complete CMS and _ — sample 3

sample 3 + pole 4gD

ATLAS beam pipes when replaced about 2018

400 600 800 1000 1200 1400
Z (mm)
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Soft QCD and such
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ALFA Forward Spectrometer

ALFA subtraction 2 I ndf 51.36 /1 17

— 10°

Continue long tradition

for total, elastic, diffractive
etc pp cross-sections.
Applications in luminosity,
forward physics and astro-p.

Prob 2.588e-05

Total cross section 90.99+ 0.1054

do/dt[mb/GeV

Nuclear Slope 18.52+ 0.04325

Results from beta* = 90m
run in Oct 201l ——————————————- >

]
——
1]
o
=
v
]
1]
T
b
=
—

Much more accuracy from
1km run Oct 2012 P aTTe w0 o B
reaching Coulomb interference

25
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Underlying Event

o0 More Lambda and KO in B
UE than predicted |

template B

o
o
=

p!readlngjel >1GeV = Data
i <1 —MC 09
Perugia 0

p!readlngjel >2GeV = Data
—MC 09
Perugia 0

g
1=}
@
3]

ATLAS Internal

o
o 29
=Y
[

(IN,,)- N, / (daocn)

(N,,)- N, / (daocn)

o
o
=
3

01 02 03 04 05 06 0.7 0.8

MC / Data
MC / Data

3 . . 25 3
[rad] Ad [rad]

wrt leading jet

25
Ad

wrt leading jet

o DPI from fit to W+2jets
Next: Repeat for Z+2jets

pp> 5 Gev & Data -~ Phojet
<1 —MC 09 -= Herwig
Perugia 0

s
°

evt

5
<o
3
~
Z<
% .
£
= O

(1IN,) - &N, / (dAg dn)

MC / Data
MC / Data

25
Ad

wrt leading jet

B Also pA/pp: TS X
o I =il \Nuclear pdfs - in progress
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Short QOutlook
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Finishing off the <10 TeV Analyses

@ Higgs Discovery: Higgs or not? Standard Model or not? Or perhaps MSSM?
@ Measure its properties the best we can (need statistics)

@ Braching fractions: In particular, need to understand better the
fermionic BRs (tautau + bbbar)

@ Spin-parity: ZZ channel is main handle

@ Precision Standard Model measurements:
@ A prominent method to look for new physics
@ Di-bosons and TGC
@ Dijets
@ W mass
® SUSY Searches:
® SUSY partners "getting heavy”, especially squarks and gluinos. Natural?
@ Still some room for lightish sleptons and third generation squarks

@& Other searches:

@ Rapidly closing the door for many “speculations”
28
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