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Most prominent goals of the LHC

*¢* Further scrutinize the Standard Model
® Are there indeed only 3 families? (Why?)
® Is the top quark just a normal quark?

** Find symmetry breaking mechanism at the Origin of Mass
® | HC is exactly at the right energy ~ TeV (10-12 sec)!
® Something MUST happen!
® SM Higgs mechanism will either be detected or excluded
® If excluded, another mechanism should be found

%* Are there additional symmetries?
® Supersymmetry between Fermions and Bosons?
® Extra Gauge symmetries (Z°, W', ...)

** Any other expected or unexpected New Physics?
® Extra dimensions, exotic ...
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LHC: Cross-sections and Luminosity

** Story of success: s

® 2010:
£ ~ 103lcm~-2s-1
[zdt ~ 0.04 fb-t

® 2011:
£=1-3.5x 1033cm~—2s—1
[rdt = 5 fb-1

® 2012:
£=3-7x1033cm—2s!
[rdt = 15-20 fb-1 ?

pb
® > 2015:
£ > 103cm-2s-17? o
[rdt > 100 fb~1 per year ?
Warsaw, 28.05.2012

For £=1033cm=2s-1
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I,E,‘,’&'g{gﬁ‘;% LHC: performance 2012
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+* Integrated Lumi 2012: so far 2.6 fb 1 (2011 4., 8 fb 1)
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ATLAS: Multi-purpose, high resolution and highly hermetic detector
’ Magnets = 1 Central Solenoid + 3 air-core toroids

Tracking =»  Silicon+Transition radiation tracker

EM calo = Sampling LAr calo

HAD calo = Plastic scintillator (barrel) + LAr technology (endcap)

Muon = Trigger chambers (RPC and TGC) + Precision chambers (MDT and CSC)

EM Calorimeter ]
Muon Spectrometer Reconstructed Objects:

— - leptons s
= e W - electrons

= = N - muons

- taus
_ - photons
(S - jets
N 7 i - missing energy
. Q\\k '. - !:J-jets _ _

_ / A=) A Kinematic variables:
B o e T -pr=Ip|sin®

e - =-logtan(6/2)

Hadronic calorimeter

Inner Detector

Warsaw, 28.05.2012 Michael Kobel 6 of 41



TECHNISCHE
@ UNIVERSITAT
DRESDEN

LAY LS A Y A L N L N N A INNL AN AN NGO Y SO B N

ATLAS Preliminary e data2011 §s=7TeV)
[ W —uv (Alpgen)
_I.L dt=102f" 3 QCD (template)
et I Ly

Statistical errors onl

MC normalized to dgta C_IW—wv
I i + single top
| — e
[ Dibosons

1

ATLAS Performance:

pr , E;™ss, di-jet masses...

understood over
many orders of magnitide
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STANDARD MODEL MEASUREMENTS

Out of ~ 50 SM papers 2 topics selected :
1. W/Z + Jets
2. Di-Boson Production (WW,ZW,ZZ)

o)
210° = ATLAS Preliminary
T [ 35pb]
o | _
s L " ILdt=0.035;4.7fb1
35 pb
10* = \s=7TeV
B Theory
100 = Data:2010
= o Data: 2011
102 = 1.0 fb %
= 0.7 fi' &
- 47 b x
— -1
10 = 1.0fb | z
- 47
W Z i t WW WZ 7z
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Understanding Z/W+Jets
(6.1.12)

nepr-ip»

** W and Z total cross-sections:

® Alumi=

3.4% dominant already w/ 2010 data

® |imits conclusions from comparison with theory

< W/Z, W+/W- ratios, or extra jets

® Enable test of
® MC generators
® Proton pdfs

€
q >
¥ v
000000 g
q
g g

** Current reach
® Up to 5 extra jets

Warsaw, 28.05.2012
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* % AR RN RE AR RARRARRRRN RRRRY RRRRRRRRRY RARAS r T T T T T
%~ 1/ 100 of all gso_— i ;it;‘ 2010 ('s=7TeV) (;'53100; ATLAS —— Data 2010\Ns5=7 TeV ]|
jets expected eI 2 1 S CElectron+1or2jets HEE Wb .
J p 7 %40_— — Ztﬁght - % 80— % w:ﬁght _
to be b'JetS i IJ:| baCkgm“’:ds 1 & = multi-jet .
* . - Ldt=36pb . - i 7
‘0‘ CrUCIaI for 30 P N 60— 1 TSTingIe top .
° b df i 1 - I Other EW .
pars i ] 40 det:35 pb”’ .
® Background 201 ATLAS R .
- 1 20 -
to searches - ] .
o - 10 B — . . =
*%* Template fits to - ] 100 750 200 250 300
EL 1 W+b Mass [GeV]
Mvertexr Mwp O e e T e e o
SV0 mass [GeV] — 20 | |
. ﬁ - A Electron Chan. '_ATLAS -
% Z+b: Fraction of b-jets / all s | Bammien owmotr
. : [ — NLO 5FNS t= i
JEtS: 2 190 .. ALPGEN = JiMMY T P 7]
° zll L (b-jet from ME and PS) _
agree well Do ma L 17:
with simulations Experiment  (7.6"}¥(stat)"1(syst)) X 107 ; 10[ == PYTHIA o
< W+b El I 1
® Somewhat MCFM (88 +1.1)x 1073 5 % ; } % E
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expected ( (stat only)) 0 T 7ol T
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DRESDEN ATLAS-CONF-2011-129 (22.8.11)
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** Only valence quarks and gluons:
g+g > W+X g+g-> W+X
e

0.3 \s=7 TeV J— ATLAS+CMS+LHCb
. S o Preliminary ]

0.2 [ T A 7

Lepton charge asymmetry

W+ 0.1 N

o =

[ ~e« ATLAS (extrapolated data, W — Iv) 35 pb' -

-0.1— -+ CMS (W— puv) 36 pb" -

W- - m  LHCb (W— puv)36pb" 7]

0.oF MSTWO8 prediction (MC@NLO, 90% C.L.) ]

- #H CTEQ66 prediction (MC@NLO, 90% C.L.) -

. 03F % HERA1.0 prediction (MC@NLO, 90% C.L.) B
L X 4 oo s b by by by by b Iy
* Charge asymmetry 0 0.5 1 1.5 2 2.5 3 3.5 4

HW' —#W~ 2—1_1 1—1_0 |

#W W 241 3 1+1 T,

** Sensitive test for parton density function (pdf) models

*¢* n-dependent mix between contributing processes (plus sea quarks):
® dependence on parton distributions visible as function on n,
® V\ery forward n, : sign inversion due to weak parity violation ({ - preferred)
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teciniscie Determination of the strange quark density !
, 19.3.2012, accepted by PRL
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** Joint fit of ATLAS W/Z diff. x-sections and HERA DIS data

usmg open access tool HERAﬂtter http //prOJects hepforge.org/herafitter

— 700 — 500~ ; — T
Ke) - o L o
=3 ;W+—> I+v| AT’-AS; =3 :Walv‘ ATLAS g _____________________ ATLAS: ’0 Yields info about
£ 6500 4+ ] = T = 100k 3
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600+ 3 r R N g ]
| e ] “’OJ ______ ] of the light quark see:
F | Ldt=3336pb" E F | Ldt=33-36pb’ _+_ [ |Ldt=3336pb" ]
550 — r L -
E—+—Data2010(uu_7Tev) E 350:—¢—Dam2010(w3=7mv) 80-+Dam2010(wE=7Tev) 1 XZ 2X( u+ d+ S)
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%0_9&} ------------- : %o_gsl:_ --------------- : %Ogé_ _ (ta ken from CC V= Scatt
£ o0 05 1 15 2 |2‘5 £ 05 1 15 2 h?‘.s £ 0 05 1 15 2 25 3 |3.? mvolvmg W- s> ¢ )
o Y,
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[1%7] 2[ TTTTT T T TTTTT IQ p I Ilzll FTTITTl
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T T T T T T T T - _- ABKMOS NNLO
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1.5 e « ABKMOS e _‘ A
N = NNPDF2.1 —w— 0.4 det=33—36pb
» MSTWO08 -
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¥ JR09
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PR TR I |
0 . = [1]9-3 1‘{'}_2 '1'0_1 9 5 10 105 i
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@) ivirrist Di-Boson Productions (ZZ:WZ:WW ~ 1:2:4) S
S

Candidate g7 " SN N N
event for — \ A T L A S
ZZ > ee pp ga— 15

/ Vo=mna sk 2 EXPERIMENT

Run Number: 182747, Event Number: 63217197

Date: 2011-05-28 13:06:57 CEST

“* Aims:
® SM test, limits on anomalous triple gauge couplings (TGC)
® Understand ZZ and WW background for Higgs searches

Warsaw, 28.05.2012 Michael Kobel 13 of 41



Di-Boson Production: Z2Z > £¢€ + t¢vv
{,ﬁ?;'ENR'gﬁ'ﬁ ATLAS-CONF-2012-021, ATLAS-CONF-2012-026 (4.4+7.3.12)
DRESDEN arXiv:1110.5016v1(TGC limits) (23.10.11)

oy = ?.Efé}:é (stﬂt)fgjg'iﬁyst} + 0.3 (lumi) pb sw:

Y s L s o e

F T ] T
22 TLAS Preliminary _, gy, 35C aTLAS Preliminary ~ +Data Owz ]
- _ -1 l:| ZZ Simulation = o A Oz7-ivv EBWW 1
E | Ldt=471 1 30 Ldt = 4.7 fb Oz+X mzz-m 3
cYy B ] B WX ]
\s=7TeV mWyWy

% 4.7 fb1 of 2011 data:
® Pif2: nearly background-free

F \s=7TeV

Events / 20 GeV
N
o

® !tvv: mainly Di-Boson bckgr. g ' o7 S Lo 2:_ o E

** Non- SM contributions: 2 1 E

® Neutral TGC pa E: g

" f,»Z: CP-violating i3 E 5 10 —

" fZ ;: CP-conserving M H L4 o

® \Would introduce excess at O iemton mass (G &) [GeV]
high Mzz and p# £ i T T NS T R L

® Unitarity reinstalled by fi’ = TIFEESE
AZ

;;;;ATLAS.J-Lm. 1.021"

q— > pf v 2L q z z —_—
q \s=7TeV, A=2TeV
[ y Zh =LEP, J-Ldt =700 pb’
f - \'s= 130209 GeV
— — _ 40 e —
q——— v Z Q— s Z q 7

=100, IL(H =1t

\s= 1.96 TeV, A= 1.2 TeV

Standard Model Production SM Forbidden 7 et
%* 1 fb! limits improve over LEP & TeVatron T
® BSM physics predict typ. O(102 - 10-3) 7 S =

® SM loop contribution O(104) Liisafecnnlaspnlsasplagne] ousgl
-1.5 -1 -0.5 0 0.5 1 1.5

Warsaw, 28.05.2012 Michael Kobel 14 of 41




(@) iRimse  Charged triple gauge couplings WWy WWZ
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w W general WWy and WWZ
YW Z" interaction: 14 parameters
applying C and P invariance =%  « =1, gr =1, A =0

YV
& low-energy constraints: ~ SMValues oiateq by custodial SU(2) with:
3 parameters left . _tanzew(,(y ~1), A= /17/

relation with static W properties: relation with W substructure:

magnetic dipole moment Average W radius
e ) ; K}/+ﬂ.7/—1
=——| 1+K + — _2
H 2mW( y 7) Ru=— — =y,
electric quadrupole moment Deformation
Q € ( A ) Ky Ay
w - 2 K T D p— i — 5e AQ
my, \ 7 Y w4 mvzv 4 w
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Di-Boson

Production: WW and WZ
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DRESDEN ATLAS-CONF-2012-025 (5.3.12) , CERN-PH-EP-2011-184
. Ww W2
” -1 Te] L L T T L L L L L L L LR B
* 4.7 1b (WW) and = 250 ATLAS Preliminary —— Data 13 5o ras  Data i
1.0 fb-l (WZ) P n [ Ldt = 4701 I\:f)\ij)st?C?' . g . EEJZZ ]
® All lept.ch | S 200 s=7hY m,;”e = 4 % 40 Ldt=1.02fb™ Vs=7TeV EEOP -
ep .Channeis w E %E\;&I_Y?T it E’ E Ezil!ets E
® Good agreement 150:— Usms_:s,w - @ a0 [7 O statssyst .
with SM prediction 1 af E
501 l++ 8 10;_ _
% Total Cross-sections: e ———— = - :
2 . 0.5 1 15 2 25 3 70 75 80 85 90 95 100 105
® WW (SM: 453 pb) Al M, [GeV]
534 £ 2.1(stat) £ 4.5(syst) = 2.1(lumi) pb e
_ Y n ATLAS - mmms.lmlﬂ.om‘ e AAANAAAN B
i WZ (SM: 17:|:1 pb) o rE:ﬂe‘\[.r_.«w |
20.573 L(stat.) J_rij (Syst.}fg:g(lumi.} pb. w9 Ty —?—::A:wm:;:«t
!u -H‘ ﬂmﬂmﬂ H.|+H+|,(_;:I._J|,j‘Ldl=7.Hb" .
4 Do, JLdt =401

** Anomal.TGC limits
® esp. good for 2,

® Approaching
TeVatron sensitivity

Warsaw, 28.05.2012

4 .
™~ H —
N\J\ — ) E
p W*Z — Ivll
AG 95% C.I. np——
=, 1 ———
4 \/L,L

¥

V5= 1.96TeV, A = 2TeV

W b b v B v b oy

-1 -0.5 0 0.5
Michael Kobel
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TOP PHYSICS

1. Cross-sections

2. Mass
3. FCNC

Warsaw, 28.05.2012

Production @ LHC 7 TeV

QCD % = 165D b}
resonances’

u d
NLO 3.32
G o h = 6457755 pb
wr | oeC, = 15.7413:3 pb
t JNLO =l 4.834-0.29 pb
FCNC,th : : s—ch —0.27

* = Measured @ LHC

spin
correlation” ]
w

¢ —
’\,' Not all shown here
From: R. di Sipio, LC11, Sept. 11
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tt cross-sections

TECHNISCHE
UNIVERSITAT (22.2.12)
DRESDEN ~ ATLAS-CONF-2011-121 (22.8.11) , ATLAS-CONF-2012-

U

0

’ T - - E‘ _l L} T I T T L) T I L) L L} | T L T L) | LI} T L) I T T T T I T LI} |_

*%* tt cross-section measurement dominated by & [ —NLOQCD(p) ¥ Singlelepton 170 12pb
. = | [FJApprox. NNLO (pp) 4 Dilepton 173 7 pb
L 2400 . . . . . 0 “

lSIngle % s ATLAS Preliminary - Data 2011, Vs = 7 TeV 5| Mmoo (®F) O Al-hadronic 167 £ 81 pb

> z -1 | i B QCD Multijet 10° 1 ]Approx. NNLO e Combined 177 '\'pb . —

epton, g fLdt=0.701b mi  WGCO Mk = approx ) =

f+jets 1600 - mcoF :

o+ Jets 3 Jets e + Jets - #D0 B

(0.7 fb-1, 1200
likelihood) 800

, 4dets | . 4 Jets

400 10 ‘_,,f E
i B ﬂ .
3 15 + Ny ]
8 10 . &{h'.w&#a,mh#ﬂﬁm;hpfﬁf.».,.mwam‘;m»m*wi }ﬁ{ o " Y ATLAS Preliminary 140 T
° B 5 _
= 05k
& 0 20 40 60 80 100 i . ! e T oo pits | |
(] Di_|epton Likelihood Discriminant 1 2 3 4 5 6 7 8
T
(0.7 fb1, cut-based) 8 anjs blagin I
ool [Lf-omont 527 - ATLAS Preliminary oy My 212
s 1y W Z/ytejets | " form, = 1725 GeV
. Other. 5200; -Satl’:::eEthlfns: Data 2011 —— stat. uncertainty
. i #: Uncertainty 3 Channel & Lumi - unc+e(rt':ﬂr:)ty;( t) +(lumi)
. . o7 (stat) H(syst) H(lumi
® All hadronic 150 E
I Single lepton  0.70 fb” —— 179+ 4+ 9+ 7pb
u Thad T+ jets Dilepton 0.70 " 173+ 6 12 "%pb
All had_r10nic 167+18+78+ 6 pb
Thaq T lepton 1021
] Combination s 177+ 3 "%+ 7pb
40 80 120 160 >190
. EP™* [GeV]
*%* Measurement more precise than theory: New measurements
T tjets  1.67f7 ———e . 200£16£42% 7 pb
® ATLAS Ott (7 TeV) = 177+11-10 pb Toao + lepton 2,05 b — 186+13+20+ 7 pb
, All hadronic 168+ 12 *2+ 6 pb
® Theory: Ctt (7 TeV) = 165+11-16 pb 47" | |

\ \
50 100 150 200 250 300 350
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Some single t analyses

TECHNISCHE
UNIVERSITAT , 14.5.2012
DRESDEN 2.3.2012

** Single-top t-channel (2 or 3 jets + 1 b-tag)

o cut-based NN-based
® Sensitive to FCNC (u,c>t) and V
! tb = = T T T T M~ LA B B R R B R R R B
0] [ ATLAS Jra=1p0am e ATLAS JLdt=1.04" ]
- CUt_based : th = 92+29'26 pb g 200:2J9131h-1ag + Ns=7TeV S 2 jets 1 b-tag Ns=7TeV
. -(E C (] :::umpmnamc 2 i gii::gle—mn t—channel—-
" NN-selection: oy, = 83+4+20_;;pb g 150 B O v onerep
& [ wisries w 5 Wil
® SM-Theory: Otq = 65+3 pb @ 100F et e
® Extraction of Vi, = V[oq(NN)/oq(SM)] s0f
W\, = 1.13+0.14 +0.02 -
. t_b ~0.13 %00 200 800 400 500 . . . 0.8 1
® Sensitive to FCNC (g~>t) m(ivb) [GeV] NN output
] -T Ly | [ T T T I T T T [ T T T I T T T I T T T ]
" LT‘E'E—”X:B“ — W b} < 3.9 pb g i ®  CMS Preliminary, 0.036 fo” |
0? ‘ Bl ATLAS Preliminary, 0.7 fo”'
5 ey B X1' T T 102:_ ¥ D054’ E
S ATLAS [Laczoswierw | T ogof ATLAS J-Ldt:2.05 o' S A  CDF 328" 3
§ édF"zl:C(u:a.Qpb] _E @ 0.25i 25 x 104 \s=7TeV é i ]
Kl ] L ] - m
zopo T 020 3
s x;i;:ce e __ g Excluded region i 1 0 - F NLO QCD (5 flavour scheme) E
W mutiiet B 0.15 - = e theory uncertainty (scale & PDF) 3]
772 nosanty ] 0 10; . 0.5x 104 j B Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 |
btagged _ T —Observed ] i }
0.08F __. Expected 3 1 I NLO+NNLL _|
] F | ‘ ‘ e w10 E theory uncertainty (scale @ PDF) 3
85 065 07 075 0.8 085 09 095 0050007 002 003 004 005 008 - Kidanakis, arXiv:1103 2792v1 hep-phl 3
NN output B(t—ug) —
0 2 4 6 8 10
‘0

* Improves previous limits on t>c/u+g by factors 4 and 15 to O(10-4) N's [TeV]
® BSM physics: FCNC up to O(104) possible

L)
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top quark mass A
UNIVERSITAT (26.3.12) L
DRESDEN ATLAS-CONF-2012-030, (14.3.12) 8
‘:‘ Measured W/ 1.04 fb1in £+jets channel %400;I"“L;L'A‘S'I""l_' ARERRAA RN
® > 4 jets with > 1 b-tag R P e
® jjb combination w/ highest p; defines m,eco  £300- ILdtjm -aww E
® In-situ Jet Scaling Factor JSF from m,, e LﬁzsoE— W
% 2d (m,",]JSF) template analysis resulting in ¢ '
® JSF(e)=0.985+0.008, JSF(1)=0.986£0.006 .
® mye =174.5 + 0.6 + 2.3 GeV o

J . . .
% Also f . 301 ~
+* Also first measurement in all-had channel f bt e
0 100 150 200 250 300 350 400
® mreco =174.9 £ 2.1 + 3.8 GeV M [GeV]
600 T T T T T T T T T LI B
ATLAS (Date: February 23, 2012) % C J : ] ! l l ]
e+jets (1d) 1729+ 1.5+ 25 g C ATLAS 3
r 500~ e + jets =
u+jets (1d) —t—e—— 1755+ 1.1+ 2.6 B 2 ]
= 45 E- J-Ldl=l.04fb1 E
e+jets (2d) - 1743+ 0.8+ 2.3 L% - -1 :
- sig g =
u-+jets (2d) —+e+— 175.0% 0.7% 26 300 . E‘;‘l‘f& =
l+jets —_ 1745+ 06+ 2.3 E JSF = 0.985 + 0.008 ;
200 Mo =1743£1.0,, o GeV ]
Most precise (CDF l+jets) o= 173.0+ 0.7+ 1.1 - ]
Tevatron September 2011 H-aH 173.21 0.6+ 0.8 L [—— =
(sta)  (sysy B R ]
Lo 5 g - & PRt L L T :
. ! ! ' L ' 0 1 00 1 50 200 250 300 350 400
160 165 170 175 180 185 190
My, [GeV] mie° [GeV]
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SM HIGGS SEARCHES

1. ZZ
2. WW

3. vy
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DRESDEN

SM Higgs Boson production and decay

¢ Discover Higgs field

® Higgs Boson ~ excitation of Higgs field
(Rather like a vortex ~ excitation of air)

® Need to move massive

particles with high

through Higgs field
to create excitations

*¢* Higgs decays predicted

® In SM just depend
on unknown M,

Warsaw, 28.05.2012

by Higgs Boson production

E

t T fusion

1 P —

100

| IHIH‘

BR(H)

107

HD

-3 1 Petfs
10 A il il I I S B
50 100 200 500 1000
My [GeV]
Michael Kobel WW, ZZ fusion q
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TecHNische H > ZZ
@ UNIVERSITAT
DRESDEN  ATLAS-CONF-2012-016 (2.3.12), ATLAS-CONF-2012-017 (2.3.12)

% ZZ: most sensitive channel above m, > 200 GeV
® |lvv subchannel (most sensitive above 300 GeV) 3
® Discriminant: transverse mass

2 2
m% = [ !??Z + ‘P |2 \/mz + ‘ﬁ m13€| ] [pT +p nms]

50F AT as Preliminary \s =7TeV ' ' 7]
H—32Z — vy 5 Datadet=2.3fb"

40F Low pile-up data M, E

s TOP
------ ZZWZWW

— Z,W —_
B Signal (m"I =400 GeV)

Events / 50 GeV

" exclusion range 20

Q% 456 ATLAS Preliminary —— Observed 4 i e E _E
320 GeV< mH<56OGeV ; p T A — Expected 3 P S B
E 3501 [Ldt=a7ib", (s=7TeV E i ;Z E ]
du 3% i i E ...". | - Tt“x P EDEOL R

B = E 0=300 300 400 500 600 700

3 E GeV
® |Igq subchannel E m .?ll
. .. . .. 0.5E- E - ‘A LASPrellmlnary " ]
- Discriminant: ”-]-] mass, 506550 :360 350 400 450 500 550 zsc'mE (OD SOZ_J- Ldt=4.71 1", \s =7 TeV G%iaé:%'m(; v E
- — N m = e "
low/high mass cuts, e R 3 =Tgse

optional Z->bb tagging g P gd =

e ' R Sgn‘,e Y I_' 30 —— Diboso ]
(to suppress Z+Jets) ¢ eogueromen g oW T + S
E oo Jlat=a7f" Vs=7TeV [i2g ] 20 3
® Contributes g : 5ok Lotw-majs . E
. . pn . . C b-tagge ]
significantly to limit : i3 o e =
below ~ 400 GeV 0760 180 200 220 240 260 280 300 320
my;  [GeV]

L i I
200 300 400 500
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H>ZZ- 4 leptons

, 7.2.12

¢ ,Golden channel® (virtually no background, other than true SM ZZ7)
¢ Most sensitive of all channels for 200 GeV<m,<300 GeV

¢ 2nd most sensitive (after WW) for 130 GeV<m,<200 GeV
but much better mass resolution than WW

R VTR AT A A A

3102 R R AN R AR LR
S ATLAS ~ — Observed CL, ]
g H—zZ"— 4] - Expected CL, 1
= JLdt=4.8f" MH+1c

£

= \s=7 TeV IEF-X

O 10t

XL

[Tp]

()]

I W

L

110 120 130 140 150 160 170 180
m, [GeV]

** Exclusion at 95% CL

® 134-156 GeV, 182-233 GeV, most of 256-415 GeV
%  Excesses"

95% CL limit on 6/og,

-
o
[

p b sl iaaalags

SRR R LN L LR L
ATLAS — Observed CL;
H— 22— 41 - Expected CL, ]
|Lat=48f" M+ic
10 \s=7 TeV []+20c

Loaaadssnalinas

200 250 300 350 400 450 500 550 600
my [GeV]

® ~ 125 GeV, ~ 240 GeV w/in 2c

Warsaw, 28.05.2012

Michael Kobel

—_
o

Events/5 GeV

03]

[ e DATA !

| [ Background

1 Signa (m =125 GeV)
" @ Signal (m’ =150 GeV)
- == Signal (m:=190 GeV)
I~z Syst.Unc.

H-zZ"' -4l
- qJLdt=48fo"
\s=7TeV

200
m,, [GeV]

24 or 41
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tecinische H 2> WW
O R TAT  ATLAS-CONF-2012-012, 5.3.12

*¢* Most sensitive SM Higgs decay channel in range [120;200] GeV
but much worse mass resolution than ZZ

** Most promising final state: ¢+vt-v, { =(e,p)
*¢* Essential preselection cuts:

: Emiss if Ap > /2
Frmuss _ T o= = . : .
® STrel { EMss .sinA¢  if Ap < /2 > 40@/ 25enGeV with Ag= Z(E;™iss, { or jet)
Nigts = 1or?2 :
Jets 0, O %’ LI II|IlllII|IJ[lllllllllllllll]lllllE
.. ~+- Data % SM (sys @ stat) ]
(3 e AS Preliminary o\ m wzzzwy
0 ———————r—] ~ \s=fTeV,[Ldt=47f'C] [ SngeTop
= —~4- Data % SM(sys@stat) - ..‘2 4 . Z+jels|:| Wijets
o mww B WZZZWy €10 (i H[125GeV]
L [ [T Single Top g,')
B Z:jets [T] Wajets L

[] H[125GeV]x 10

I||||
—_
o

)

il | IIIIILII 1 IIIIIII| | IIIII.I.IJ 1 IIIIILI.| 1

IIII|IIII|IIII|IIII
—h
o

1~ %
1 “HLJ _'ﬁ"|||__|
e ] 10" ‘ ‘IMWIH i IE
6 8 10 0 20 40 60 80 100120140160180200
N

Jets ET% [GeV]
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reciniscie Kinematic separation

UNIVERSITAT
DRESDEN

** Spin correlation:

Events /0130833 rad Events / 0.130833 rad

Events /0.130833 rad

® |Leptons from Higgs tend to be close in ®:

00 T $ e @
E ATLAS Preliminary Zoooe o assnn ™
BOOE \s_7Tew. [Lat=a7m" =3 B it T
- - Zajats W sjets
rele] = H—Ww' ' v + 0 jets ' [ H 125 Gev]
so0f
S00f
400E
300f
200f
100E
o) g5 i 3i5/J =2z 25 3
80 T T T T T T
—of. ATLAS Preliminary L B e
F ws=7Tev, [Ldt=a7i’ u B Singie Top
F P ) Hl Zsjets [ Wjets
E- H—=WW' —hhv + 1 jet 3 H 25 Gewl

o“.

N

F ATLAS Preliminary g oeezewr | 1
C ws=7TeW.[Lat=a7fb"’ B i ]
— e +jets jets —
[ HoawWw' ' sk + > 2 jets > [ H125 Gev] 1
- -

- 2-Jet

= L

)

D IIVTI\I

Warsaw, 28.05.2012

/7

*%* Require AD, < 1.8 (for my< 200 GeV)

** Further cuts:
® b-Jet veto, Z-> 1t veto (1-jet)
p#(0-jet) > 30-45 GeV (dep. on &)
ptot(1-jet) > 30-45 GeV (dep. on #,my,)
my < 50-80 GeV (dep. on n-jet, &)
2-jet: Cuts for Vector Boson Fusion
" |An;|> 3.8, m ;> 500 GeV, CIV
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UNIVERSITAT

Tecinischie WW-Results
DRESDEN ATLAS-CONF-2012-12

** Exclusion @ 95% CL
® 130 GeV < my < 260 GeV

** No excess above 1c

** Final discriminant: m;
mr = \/(Epi-{ + E%‘IiSS)Z _ (p{_f + plll]isa;)Z

5102:.,....5.‘.‘.'....|....,....|.:
>~ 120’_1 | LI L L L L L WL WL WL D(D C ATLAS rel"‘nlnarhf H—)WW—)h'h’ .
8 TF ATLAS Preliminary 2 0m Z SMeposa [ —Observed C
9 Y mww mwezzw 5 [ Emenes JLdt:fi.? fty i
= 100 Vs=7TeV,[Ldt=47f" [  [EdSndeTop 7 put o -
~ L - : Bl Zsets [ Weiets - E 1oL B=x1o \s=7TeV _
.,g r H-WW' '>iviv + 0 jets [C] H[125 GeV] ] —J E 2 c =
o 80— - = ]
> L il &) L i
w L - 2 L i
60 . B CEN I W |
C O'Jet ) = E
401 — C ]
i my =125 GeV i ]
20— 7 10 e e 1T
L i 100 200 300 400 500 600
F - - m,, [GeV]
% T i T ¥ ¥ ¥ ¥ rrr '| T 17T I Trr I T T l T 171 I I': 2
P ~4- Data <= SM(sys@stat) - 1 [ e e
O 35 ATLAS Preliminary g ' mwzzzw, - Z F ATLAS Préliminary | HoWWhh | 3
= \s=7TeV,[Lat=47f" [t [EIShdeTop 3 T F — Observed ]
S ¢ , B Zvjets [ Weets - 5 [ Serve ILcn:aL?tb" i
.2 HoWW' 'Siviv + 1 jet CJHM25Gey] =2 L ;E:(pected -
3 E 1o S =
L% = : 103_ <20 s=7TeV =
= _! - .
3 e O N ]
1-Jet ] 52 L -
. w
— [s2]
my =125 GeV 1 e 3
| = . - . 10—1_

B b b b b b b LA
110 115 120 125 130 135 140 145 150

60 180 200 220 240
m,, [GeV]

M, [GeV]
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TECHNISCHE
UNIVERSITAT
DRESDEN (7.2.12)

nepr-ip»

¢ Most sensitive channel for my < 120 GeV — 1 g e
“* 2nd most sensitive for 120 < m, < 130 GeV| BEEINRN 71'0

sampling 2
+** Calorimeter segmentation helps reducing = |
and ,pile-up" from additional vertices

NN \ sampling 1

e ] preshower

- Irreducible

i i g Y

» . o , S
*%* Small s|gna| on huge backg round expected - Reducible : one or more jets misidentified as photons
* g g g 49
*%* >2c excess observed at 126 GeV TToT
8 > 00T 20040
LSS BT R R RS S R S RSl R e lec iphoton sam|
F | —ObsevedCLlmit = S0 o Selecki oo sanjie q 7
° 7= —_ Expected Cf_s limit H-—ryy — § 700/ Background model
it E - T SM Higgs boson m_ = 120 GeV (MC)
5] 6:— Mo ATLAS z 600
E E +2¢ Data 2011, \s =7 TeV ] 500;_ 15:7“3“‘[%:4.9 e
o SF JLdt=4.9 b £ 400f-
?‘ﬁ 42_ - 300;—
- 2001
1002—
e E m_ 2 =2E,E,(1-cos0)
& sot v
© 0
i o
Hioaoreleaaalegiplaaaade ivqlaapalespetl gos gk A <60
110 115 120 125 130 135 140 145 15 1095 s - = = = 3
Warsaw, 28.05.2012 my [GeV] Michael Kobel e 28 of 49



UNIVERSITAT

TECHNISCHE ATLAS all channels
DRESDEN ATLAS-CONF-2012-019, 5.3.12

** Expected sensitivity per channel

E [ T y T T T T Y y T T T T T T T T T T T T —r+r 1 &+ &1
n T e H-yy Exp.(49f0) ------ H— WW — Ivqq Exp. (4.7 1b") ]
Q — 4 H-twt Exp. 47fb)  ------ H— ZZ— Il Exp. (4.8 fb™) —
O TV e H— bb Exp. (4.6-4.7fb") H— ZZ— llqq Exp. (4.7 fb™) 7
c Y meeeea H— WW- Iviv Exp. (4.7 ib™) H— ZZ— Ivv Exp.(4.7 fb™)
o — S mmemme. Combination Exp. (4.6-4.9 fb) —
i i
€ 10— ' I L dt ~ 4.6-4.9 fb ', \s=7 TeV ]
—_ — |‘ l‘ ”. —
_I : ‘n ‘$ o" 3 :
' . -’ -
o B ‘y ’:!'l‘"“ . o" "1‘: B
6\9 B L P .. "." _,-:':*v =
I.n — ‘\ . : ‘| ..................... "'n.‘ 4‘__"‘:_",'.' —
LT TR TR Y fragaart e oEE= E L PiAN
m kY . ¥ - -=" T e a=™" PRt *
S, v, : 1.‘ -‘." '."f."’ .t
1 :_ ........ "..“:\“.‘“ ....... '... ........... “'ﬁ ........ "_wn"..-...--‘---‘--:....F-‘ﬁf-n"'."‘f ..... _:
: I ]
3 -
| g;‘.o' -
10 ATLAS 2011 Preliminary CLs limits ~ —]

100 200 300 400 500 600
my [GeV]
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tecuniscie ATLAS all channels
DRESDEN ATLAS-CONF-2012-019, 5.3.12

nepr-ip»

** Observed limits per channel

Exp. Obs. Exp. Obs.

R ITITITT H—yy (4.9 ib"], m--- H>WW - vgq (47107

R H—1tt (4.7 fb' mmes m— HZZ- Il (4817 _
-------- H— bb (4.64.7 fb™) i e Hes ZZ5 liqq (47 b))

— ---- H— WW— Iviv (4.7 fb™) “ie e H ZZ v (4.7 107) -

I L dt ~ 4.6-4.9 b, \s=7 TeV

95% CL limit on 6/cg,
o

10'=ATLAS 2011 Preliminary CLs limits
my [GeV]
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Tecinische ATLAS combination
DRESDEN ATLAS-CONF-2012-019, 5.3.12

nepr-p»

\J . 3 .
*%* Low-mass region *%* Complete region
= AL LR LA IR LU LR IR LA UL IR b= O e s L S B B B B L L B
o’ | ATLAS Preliminary 2011 Data ] v F ATLAS Preliminary 2011 Data 1
® 5 | i
| ——QObs. e i — QObs. -1 i
5 100 Exp. ILdt=4.6-4.9fb1 1 5§ [ b ILdt=4.s-4.9 i ]
= - B+ic ] = [ Bk
6 - - 5‘ 1= -
2 32 C .
8 1:— = g B ]
I 1 107 —_
1 CJ;LS L[“‘lrr”ts | | | | | | | E CLS L,m!ts E
1077370 115 120 125 130 135 140 145 150 100 500 500 400 500 600
my [GeV] m, [GeV]

** Excluded at 95% CL
® 110.0-117.5GeV, 118.5-122.5 GeV, and 129 - 539 GeV
** Excess at ~ 126 GeV
® | ocal significance: 2.5 ¢ (expect 2.9 o for SM Higgs Boson at that mass)
® PpProb. of such a background fluctuation including , look-elsewhere" effect
® 30% anywhere in the mass range 110-600 GeV
® 10% anywhere in range* 110-146 GeV (*not excluded by LHC at 99%¢CL)
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UNIVERSITAT

Technische  Prospects for 2012 at 125 GeV
DRESDEN From: Eilam Gross, LHC2TSP, March 2012

% With 5 fb'l @ 7TeV
® Expected ATLAS
sensitivity: 3o
® Would need 15 fb1
to get 50

** Gain from 7> 8 TeV
® Corresp. to 20% Lumi
® Corresp. to 10% significance

** Need 12 fb-! @ 8 TeV

® For 5c significance
in each experiment

** Combining w/ 7 TeV
® ~8fbl@8TeV

needed for discovery

Warsaw, 28.05.2012

Significance, ¢

k.
=0 e N WA 00N WO O

-®- 101" Vs=7 TeV

.................

ATLAS Preliminary (Simulation)

.................................................................................................

300 400 500
my [GeV]

e
)
o
I A A Y- el
Q 1 [ t - "I -
M
(=]
Qo

** Prospects for 8 TeV running in 2012

® At least 15 fb! planned
® So far 2.5 fb1 delivered w/ ~ 0.5fb-1 /week
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TECHNISCHE
@ UNIVERSITAT
DRESDEN

BSM SEARCHES
(SELECTED EXAMPLES)

1. SUSY

i. Dedicated sparticle searches (not covered, example here)
ii. General topological searches _

= _|llx]lllvl||li]llrnéIIII]r[r‘r%rlrl_
© 350 [~ bb, production, b, b4y’ — CL, Observed Limit (95% C.L.)
(0] E ! ---=---. CL_ Expected Limit (95% C.L.)
‘? F wee CL, Expected Limit +16 ]
£ E B coF265i0" it + 16 NLO scale unc. -
1 1 F Clpos2t! 7

250 |- -
2. Extra dimensions ; L aTas ;

E 3% _[L dt=2.051"\s =7 TeV
o'k

50 ‘C::\'."' --------- -
100 -
50 3

o N -
100 150 200 250 300 350 400 0
m; [Ge\?f

1
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TECHNISCHE
UNIVERSITKT Phenomenology of Supersymmetry

DRESDEN

nepr-p»

*¢* Super-Symmetrie between Fermions and Bosons
O|Boson> = |Fermion> und O|Fermion> = |Boson>
® For each Fermion there is a bosonic partner
® For each Boson there is a fermionic partner

Higgs

- '
b

. Higgsino

Quarks Squarks

Kraft-
Teilchen Sleptonen

SUSY-Kraft-

Leptonen Teilchen
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TECHNISCHE Masses “run” with known QZ2-dependence

** Simplifying assumption of ConstraintMSSM: Unification at Ayt

I ' I ' I ' I ! I ! I I ' T

600 |
Gaugino masses M, Mo, M;y 500 il
Slepton masses (dashed=stau) §40 .
Squark masses (dashed=stop) (E% 3 i

Higgs: (m.-?q”_ + 12)1/2, 200_

2 2\1/2 __/ - N 1

1 { 100 -

( H, + / ) T sleptons ' |
O L | . | | | . ) L | ) | | |

2 4 6 8 1|0 1|2 14 16 18
Log,,(Q/1 GeV)

. ‘) ) .
Electroweak symmetry breaking occurs because mf{ -+ 4~ runs negative near

the electroweak scale. This is due directly to the large top quark Yukawa coupling.
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UNIVERSITAT

techNiscHe Topological search: 2-9 Jets + E,™iss + 0-1 Iepton."
DRESDEN  ATLAS-CONF-2012-33+37 (12.3.12) ,ATLAS-CONF-2012-41 (16.3.12)

** Basis: Squark/Gluino pair production

** Various decays, e.g. 0 Lepton, 2-6 Jets: ] _
® 6 signal channels depending on ATLAS exclusion in CMSSM

. - - - i -
Jet multiplicity MSUGRA/CMSSM: tang = 10, A = 0, u>0 L™ = 4.7 fo"
. — mISS (I) | o IIIII | II|-.___.IIII|l\III | |IIII|IEI l| I]II|I_
My = E + X : > s \ - i
. eff T |I:’T,Jet | 8700 “ATLAS Preliminary ' | CL, 95% C.L. limits "
*%* huge exclusion gain since 2010 = | o-epton, > 2-6 jets — Observed ]
e s === e E o N\ .\. ATLAS-CONF-2012-033 S Expected :
% 10°E T!:L dt=471b" - 600 B\ NS O-lepton, > 6-9 jets = Observed —
0] E e Data2011 {s=7TeV) 1 N ' | ATLAS-CONF-2012:087  ___ Expected |
= r — SM Total ] . . i
S mieree = LT | et T parted
8 10°E [ W-+ets = 200 = . Expected ]
= E EDibl?lsotn 3 _—— A [T LEP2 i; -
@0 E gﬂ:gU(soo,sm,ono) 1 . - [ StaulSP i
~ SM+SU(2500,270,0,10) ] 400 ' TR Il Theoretically excluded —
10 ATLAS Preliminary 5 T =TT T T
E SRC 3 =
i | 300 2
43 J/ J{ E
(... X b TRAN 200
% 2.5 ; : 3
= 1.5E - : -
g ; -IOO § el I Il 11 I | | I | | I B e ] I |
o 0% - - - 500 1000 1500 2000 2500 3000 3500
% 500 1000 1500 2000 2500 3000
m,4(incl.) [GeV] m, [GeV]
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SUSY exclusion overview

@ TECHNISCHE  Status: March 2012,
DRESDEN

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)

| T T T T 11
§=gmass

MSUGRA/CMSSM : O-lep +j's + E
MSUGRA/CMSSM : 1-lep +j's + E
MSUGRA/CMSSM : multijets + E

T miss

JLdr =(0.03-4.7) b
fs=7TeV

=g mass

T miss

gmass (large mg)

%] T miss

*3 Pheno model : O-lep +j's + E ... gmass (m(g) < 2 TeV, light f?) ATLAS

§ Pheno model : O-lep + j's + E, ... gmass (m(§) <2 TeV, light f‘:) Preliminary
% Gluino med. § (§— qGf ) : 1-lep +J's + E; .. g mass {m(i:]) < 200 GeV, m({ ) =E1(m(f0)+m(§)}

2 GMSB : 2-lep OS__ + E s §mass {tanfi < 35)

= GMSB:1-t+fs+E_ § mass (tan > 20)

GMSB : 2.1+ s + ET miss g mass (tanf > 20)
GGM:yy+E gmass (m(7}) > 50 GeV)

t .............. Glumomedb{g—mEg‘(Z)Olep+b13+Ermlss < mass {m(jﬂ) <300 Gev)

S Gluino med. t {g—mx Ji1-lep +bj's+ E; e g mass {m{y 0) < 150 GeV)

g Gluino med. T {g—)ttx }: 2 -lep (SS) +j's + E; e gmass {m(x,l) <210 GeV)

E‘* Gluino med. t (g—mx yomultif's + E; g mass {m(;i:]) < 200 GeV)

'E Direct bb {b e bx ):2b-jets + E; .. b mass (m[j:]) < 60 GeV)

Direct Tt {GMSB) Z{—)II} + b-jet + E

T mass (115 {m(i?) < 230 GeV)
%, mass ((m(X,) < 40 GeV, %, m(x,) =m(i,), m{L¥) = Hm(L;) + m(z,)

AMSB Iong -lived 11

iﬁ mass (m(f?) < 170 GeV, and as above)

7, mass (1 <t(f,) < 2 ns, 90 GeV limit in [0.2,90] ns)

Stable massive particles (SMP) : R-hadrons
SMP : R-hadrons

“

@

[x} -
E g mass
j=%

E SMP : R-hadrons

o

=

=]

-]

b mass

T mass
SMP : R-hadrons (Pixel det. only)
GMSB : stable T

S RPVhlgh-massep
Bilinear RPV : 1-lep + s + E; ...

MSUGRA/CMSSM - BCT RPV : d-leplon + Er .

g mass

v, mass (1;,,=0.10, 4,,,=0.05)
q=gmass (¢t o, < 15 mm)
g mass

sgluon mass (excl: mg, < 100 GeV, mg, = 140+ 3 Glev)
| | T I | | | | | | I I |

10" 1 10
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena showrn
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technische  EXotic example 1: ADD extra dimension
DRESDEN ATLAS-CONF-2011-096, 18.7.11

*¢* N.Arkani-Hamed, S.Dimopoulos and G.Dvali (ADD):
® Macroscopic n extra dimensions would explain EW-Planck hierarchy problem:
" IVIZPIanck = IV|D2+n R"
® with My~TeV fundamental Planck scale, R ~ nm(n=3) ~10fm(n=6)

! s g q g
** Signature: :{ j;';§< >m<
® Monojets +E;Miss ‘ o ¢ o

4 N B I S L L A B A B = 5r .

g 10 o —e— data 2011 E 455 ! ! I =

2 45 ATLAS pre"mmary_1 R = vl = F j Ldt=11fo" ATLAS Preliminary -

o Ldt=1fb ER W(-1v)+jets = 4E —— ATLAS 2011 =

Lﬁ —Jaco 5 352_ Ns=7TeV =

— 102 wvs=7TeV Cz(—>ll)+jets = i = - - CDF run 1l 3

8 f 2 s & LEP combined 3

£ waeer s ADD (n=2, M_=2.0 TeV) £ E =

% 10 gt e ADD (=6, M _=1.5 TeV) 2.5 = —|—‘—I——:

2 2F =

1 EN— . 5

1.5 T i =

10" s 1E B - T

102 = | 1 1 ! | =
500 600 700 2 3 4 5 6

ET [GeV] Number of Extra Dimensions
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rechuniscie  ExXotic example 2: Quantum Black Hole
DRESDEN ATLAS-CONF-2012-038, 11.3.12

nepr-ip»

*¢* Micro black holes near threshold might decay to few particles, i.e. 2 Jets

® P. Meade and L. Randall, Black Holes and Quantum Gravity at the LHC,
JHEP 0805 (2008) 003, arXiv:0708.3017

® |. A. Anchordoqui, J. L. Feng, H. Goldberg, and A. D. Shapere, Inelastic black hole production and
large extra dimensions Phys. Lett. B594 (2004) 363, arXiv:0311365

centml

% Centrality F, =% of Dijet spectrum as function of m;;

® - limits on production cross-section ¢ x acceptance A
® - limits of My of O(4 TeV)

mH 0-6 — | I | | | | I - Ly | 1 05 T T T T T 1 T T | T T T I | T T T I | T T T I
B ATLAS Preliminary s ﬁ_ Limits set using Fx(mli) variable
0.5 _[Ldt =4.8fb"\s=7 TeV N <§ 10°F QBHn=2 ---+ QBHnN=5
T 5 | ~i=mem= QBH n=3 QBH n=6
| ——— QCD Prediction ] >é o] I QBH g -~ QBHn=7
- [ ] Theoretical uncertainties — —=e— Observed 95% CL upper limit
0.4 [T  Total Systematics _ o e Expected 95% CL upper limit
T o data ; N 10 [ 68%band
- Contact Interaction: A = 7.5 TeV . i 1 0 s 95% band
0.3 QBH (n=6) : M, =4.5TeV : . =2 J.Ldt —48fb'\s=7 TeV
T s q’: mq_ =25TeV ; i ’
| ———  Upper boundary to control region ]
0 2'_ ——— Lower boundary to search region " s 2
0.1 -
Roogt i 0000
- ] ATLAS Preliminary S
_| | ] [ | | 104||r|||||||||||r|||||||‘.|
%000 1500 2000 2500 3000 3500 4000 4500 2500 3000 3500 4000 4500 5000
m; [GeV] My [GeV]
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exotic exclusion overview

TECHNISCHE
@ UNIVERSITAT Status: March 2012,
DRESDEN
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ATLAS Exotics Searches™ - 95% CL Lower Limits (Status: March 2012)

............................................................................................................................ T T T TTTT
Large ED (ADD) : monojet
Large ED (ADD) : diphoton

RS with k/M, = 0.1 : diphoton, mr|r

RS with k/Mg, = 0.1 : dilepton, m,,

RS with k/IM_, = 0.1 : ZZ resonance, My i

RS with g !g =-0.20 : tf — |+jets, m

ADD BH (MW ,=3) - multijet, xp NH:

ADD BH (M, /My=3) : 88 dimuon, Nch_ part
ADD BH (M., /M_=3) : leptons + jets, Xp
Quantum black hole : dijet, F {m

Extra dimensions

5] qqll Cl : ee, pp cc-mbmed‘ m"
uutt Cl : 83 dilepton + iets + E

T miss

| L=t07 (2011} [1108.1316]
| L=ta 0 j2o1e) pr11z.4828)
L=1.01b" (2011} [Preliminary]
0 4% generallon Q E’E — WqWq [L=1.01" 2011) [1202.3389)
E 4 generation : LI U — WbWb | L=1.0m" (011} [1202.3076]
= 4 generation : d a — WHWE | =10 (2011} [Preliminary]
$

New quark b': b‘B'—) Zb+X m., L=2.0 15" (2011} [Preliminary]

TT —t+AA 1-lep+jets+ £,
...... T L. .‘Nhgxcltedquar{i(s ?.jetresénancemm's's

8 Excited quarks : dijet resonance, m
.*E-i
w

L=1.01b" (2011) [1108.4725]

Excited electron : e-y resonance, m_
Excited muon : p-y resonance, m

...............................................................................................................

Techni-hadrons : WZ resonance (vlll) m oz

Maijor. neutr. (LRSM, no mixing) : 2-lep + jets
Wy (LRSM, no mixing) : 2-lep + jets

H* (DY prod., BR(H“—)pp)-‘l} S5 dimuon, m,
Color octet scalar : dijet resonance, m
Vector-like quark : CC, m,vq

Other

L=4.9-5.0fb" (2011} [ATLAS-CONF-2012-007)

Mp (5=2)
M ¢ (GRW cut-off) ATLAS
Compact. scale 1/R (SPS58) Preliminary

Graviton mass
Graviton mass

- _q
Graviton mass ILdf ={0.04-5.0)fb

KK gluon mass Is=7TeV
My, (5=6)
M, (8=8)
My, (8=6)

M (5=6)

A

A {constructive int.)
A

221Tev 2 mass
215Tev W' mass
ssocev 17 gen. LQ mass
esscev 2™ gen. LQ mass
350 Gev. (1, mass
404 GeV.| U, mass
480Gev d, mass
400 Gev D' mass
a20Gev. T mass (m(A ) < 140 GeV)
q* mass
q* mass
e* mass (A = m{e*))
w* mass (A = m{u*))
p /oo, mass (m{p fo.) - m(n;) = 100 GeV)
p, mass (mip ) =m(n) +my,mia)=1.1m(p ))
N mass (m(wﬁ) =2 TeV)
W mass (m(N) < 1.4 GeV)
H" mass
Scalar resonance mass
Q mass (coupling ¥, = vimg)

Q mass {muplmg Kqa = wrﬂO
[ A [ L I [ R T

107

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

1 10 107

Mass scale [TeV]
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DRESDEN

** Brilliant performance of LHC in 2011
** ATLAS detector very well understood
+** Standard Model
® W/Z + = 5 jets: precision measurements
® Di-Boson: observation and improvements of TGC limits
** Top-Quark
® Precision cross-section and mass
® Improving BSM limits, e.g. FCNC
** SM Higgs
® | ow-mass window narrowed to 118 GeV + 122.5 < my < 129 GeV
® | ocal 2.5 s.d. excess at 126 GeV:

" backgr. p, =10% including ,look-elsewhere™ in search range
" most sensitive for 120 < my < 130 GeV: WW, vy, and ZZ->4l

** SUSY and Exotics
® Considerably improved exclusions in parameter spaces

Warsaw, 28.05.2012 Michael Kobel 41 of 41
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ﬁﬁ?&'e"n'?ﬁ'ﬁ% Strategy to reach physics goals

DRESDEN

** 2010 E
® Understand an calibrate detector %i
® Rediscover" Standard Model (SM) %i

% 2011
® Precise understanding of SM at high energies
" Influence of parton density functions

10°E
10% 5
‘103
107

10g

-—

107

& ATLAS Preliminary
E:_ Data 2010,\'s= 7 TeV
gl L MR R

IIHIHI‘ IIHLI.I.II IIIIU.I.Il iIIIII.I.lI_LU. m’r—-lb

10?

® Distribution of extra jets in SM processes 10
GeV
®" Background to searches - m,, [GeV]
. 5L .
® New Physics S0 ATLAS Preliminary
® Severely restrict allowed regions °© | Bob det=0-035;4-7fb
10" Ns=7TeV
E Theory
% 2012 L
: . . = o Data:2011
® Closing in on the mass mechanism - i
(Higgs or no Higgs?) 107 ot | 1 I
- 070" B
® .. and maybe more - ATt -
10 10 o .
- 4.7 "
W z # t ww Wz 4
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tecuniscHe W and Z cross-sections
DRESDEN http://arxiv.org/abs/1109.5141 (27.9.11)

nepr-ip»

** W and Z Bosons
® | arge x-sections*BR of 1-10 nb (~ 1-10 /s)
® can be reconstructed with extremely high purity in both e and u final state

3 T s ] 3. amiae T
1010000/ det=33 pb” [Jww ' & 1600 fﬁfmmzm Ldt=33pb"
3 aoo ATLAS  mmeo WV 12" e ;
E 800'0_— T lwon —: 51200;_:| acp Z%IJIJ ] g _| T T T T | T T T T T T T T _|
600'0_— 1000:_ et - TLAS -
I 800 4 =2 - — i
4000 4 600" E T 5.5 B /// ]
- r +l
2000~ @ 1 400- E % - i
r ] 2001 = o B i
o T [T aln e gl 5 il AR B b ; o
40 50 60 70 80 90 100 110 120 0 70 80 90 100 110 " 5_— __
mrlGeV] oy &5 [ ILdt=33—36 pb’
. . . _ i ]
** Agree impressively well w/ predictions U
< . . . . L -
*%* No distinction between pdfs possible I C_Jl oo *jf?cfj;‘{,ﬁty ]
® [umi uncertainty: 3.4% [ A ABKMos 68.3% CL ellpse area |
® Other Syst uncertainties: ~ 1% T T
® Stat uncertainties 2010: 0.2%(W)-0.6%(Zz) 04 0.45 0.5 0.55

fid NI
6. BR(Z/y*~ I'T) [nb]
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Understanding extra jets, e.g. W+Jets

nepr-ip»

(6.1.12)

% B : g 0.4 I | |

+* Berends-Giele scaling: A .
—IV + |els -

® Berends, Giele, Kuijf, Kleiss, - Bl SO TR ILdt=36 pb- -
Stirling, PLB 224, 237 (1989 |V ALPGEN I
: g : ( ) A SHERPA ATLAS i
® Adding one more jet reduces 03 & BYTHIA _

x-section by constant factor, i.e.
o(=N jets) / o(=N-1 jets) =const

® Has NLO corrections and depends

on jet definition

** MC models:
® ALPGEN and SHERPA:

LO ME for multipartonic states

® MCFM:
NLO pQCD up to Njgs = 2
LO for Njgs = 3

® Blackhat-SHERPA
NLO pQCD up to Njgs = 3
LO for Njgs = 4

Warsaw, 28.05.2012

o(W + 2N, jets) / o(W + 2N, - 1 jets)

0.2

0.1

Michael Kobel

BLACKHAT-SHERPA

Sl T

%= antikjets, R=0.4
o p°'>30 GeV, |y*|<4.4 ]
I I I ]

>1/>0 >2/21 >3/22 >4/>3

Inclusive Jet Multiplicity Ratio
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Z+Jets: No structures in Jet-Jet Masses

arxiv.org/abs/1111.2690 (11.11.11)

nepr-ip»

* Low py(2) 3
> £ 1
most |p| %
in Jets ~
N 8
AYHI ~ 10
needed
for balance

1072

V4 25

q ’\/\< 9 )
BT %1'5

g 1

0.5

g 2.5
: o
“; 1.5

% Well g 1
reproduced ..
by Q 2
simulations g ™

0.5

Warsaw, 28.05.2012

-~ Data 2010 / BlackHat
[ theoretical uncertainties

Data 2010 / ALPGEN
NNLO uncertainties

CTTTTIT
(¢

et = ]
- == Data 201D/She‘rpa ]
- e | —
™ .. — . O s
B 100 150 200 250 30

m) (leading jet, 2nd leading jet) [GeV]

Michael Kobel

T T T | T T T T T T T T | T T T T | T T T T rﬁ1 02 _| LI T | L L | T | UL ‘ LI T | T 1T T T | T T | T /]
L o . | e - . .
L ATLAS ZIv*(— I'T)+ets (l=e u combined) | a = ATLAS Ziv(— I )+jets (l=e,u combined)
= j Ldt=36 pb" <@ Data 2010 (Vs = 7TeV) n :TI = J- Ldt=236 pb" ~@— Data 2010 (Vs = 7TeV) m
| —=— ALPGEN + HERWIG | a [ —=— ALPGEN + HERWIG i
= antikjets, R=0.4, —4— Sherpa 4 ° anti-k, jets, R=0.4, —~— Sherpa
E p>30GeV, [y |<44 B NLO BlackHat 1 b [ ps0Gev,|y"|<44  E¥E NLO BlackHat 7
L CTEQ6.6,u =Hr/2 ] © CTEQ6.6,u = Hr/2
10 =— —
B ] — =l =
| B, 1 — * A —
= el - . - s .
- ' A o g

Data / MC Data / NLO

Data /MC

2.5 ~@= Data 2010 / BlackHal ]

2 theoretical uncertainties

21—

1.5_—
0_5; brr. sori —
2.5— —@— Data 2010 / ALPGEN ' L
ol [ NNLO uncertainties |
15— -
1_%#*&«&2.&**0%—0*—*”1 ; . ¢ ' ' -
0.5— —o—
2.5~ _m- Data 2010/ Sherpa ' ' S
2r 7
1.5 —
L R 5 a m - m ]
P .o . &
0.5 ]

0.5 1 15 2 25 3 3.5 4
AR’ (leading jet, 2nd leading jet)
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SQE‘QEDFESJTAT ATLAS-CONF-2011-154 (11.11.11)

TECHNISCHE t-> Zq flavor changing neutral current

nepr-ip»

** SM: only top decays: t> qW, FCNC loops in SM ~ 10-12- 14 e
® BSM physics: FCNC up to O(104) possible
® PBest 95% CL limits so far:

" t > qy HERA: < 6x103 g
" t > gg TeVatron: < 0.2 x 103 (u), <4 x 103 (c) t‘_é

- u,c
" t > gZ TeVatron: < 32 x 103 ’
g9
NS . 1 o 7,00
«* ATLAS search for t > gZ (g=c+u) with 0.7 fb1 in 2011:
® Final state Zq Wb -> {iq tvb .
Qi ?‘V
® main background: Dibosons ZW, ZZ

> O T T I T[T T T3 - L L L B A B 0 [T T T T T T T T T
& [ ATLAS Preliminary o caa 1 & 45 atLas Preliminary « data E § 35?_ ATLAS Preliminary e data E
S L — i owgzsignat] & 40; — it bWgZ s.-'gnal_f w C — ff-> bWaZ signal ]
P 25?det=o.7o ' A 2 J Ldt=070" Maew ] go;det=O.70 ' M ]
5 [ .singretop(SM) ] o 351 .sing.relap(SM) - L .sing.relop(SM) ]
o dibosons w E dibosons E 253_ dibosons B
. Z+jets ] 30 ; . Z+jets 7: 7, . Z+jets ]
[ back. uncertainty | o5f {7} back. uncertainty] ZO-é 7 [/} back. uncertainty]
] 20+ % 3 E, ]

miss 4 15 e E

E;misss z 2% ,L My -

T :

s 7 E

150 200 250 75 80 85 90 95 100 105

ET [GeV] m,, [GeV] nb. jets

*%* ATLAS prelim. : t> qZ < 11x103at 95% CL (best to date)

Warsaw, 28.05.2012 Michael Kobel
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ZZ - ppee candidate (m, = 209.7 GeV)
ATLAS-CONF-2011-131, 21.8.2011

CATLAS i Jup JiS 3
E.EXPERIMENT '

Run Number: 182747, Event Number: 63217197

nepr-ip»

Date: 2011-05-28 13:06:57 CEST
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TECHNISCHE -elsewhere" effect
UNIVERSITAT

DRESDEN

Estimate of the Look-Elsewhere Effect

The local p,, p,™" and the corresponding maximum significance Z,_,,
may be misleading. Estimate the global probability, p,£°3*? to observe
p,™" by counting the number of up-crossings

n

lobal i r —lz8
Pga mp:]mn-f-.'“‘lnf ¥ L

Observed g,

: T T T T T T T

Higgs boson mass

Figure 4: An illustration of a hypothetical scan of the test statistic gy vs my for some
data. Up-crossings for a given threshold value » are shown with blue points.

To quantify an excess of events, we use the test statistic o, defined as follows:

L(datal0, 6y)

———— and g > 0. 4
L(datal, 6) b= “)

g = —2In

This test statistic is known to have the proper x? distribution, which allows us to
evaluate significances (Z) and p-values (pg) from the following asymptotic formula:

Z =\/ag">, (5)
e TR, 1 t(z/v2 ;
w=Pw2g") = | ﬁ"frzi[l—ﬂ‘ (21v2)]. (6)
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DRESDEN ATLAS-CONF-2012-019, 5.3.12

*¢* Expected and observed significances for a 126 GeV Higgs

channel __Wwsthty Yy zzovtet

expected 1.6 c l4c 140
observed 02c 280 210
imf " ATLAS Preliminary 2011 Data -
o =
A T U WRRRNY ( o= _i 1o
 EGRLLRCETECEEELOREE 136
E
________ N L I
o5k Obs. yy+4l+viv \s=7TeV ]
= - Exp.yy+4l+iviv =
10°F f%ﬁ’é' \ -
R ) 5 56
10-7 \I L
110 115 120 125 130 135 140 145 150
m, [GeV]
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TECHNISCHE Best fit sighal strengths

** All channels % single channels

- F T T T LI — T T T T [ T T 1T LI I — & s T i-l ARAREERI TS s A\|\||\|\|L\|_\\|H||H|\H\_\)l.|lwll||\\|\
o 2.5+ ATLAS bre“mmary 2011 Data = 5 4:— A_TL;;T;BIWMW oy E 5 Bj TLAS Pfellmlnaw o E
o - 17 Z 3 meniwe<i JL"T=4-9“’ E L .[Lm:ﬂ L
= 2F 5Be|3t;': | JLdt=4.6—4.9 fol = 5 b N B of M2mst g oy 5
— = 2InA) <1 3 N E @ ]
g 150 {s=7TeV = 3 ] o ;
g F ] 0 E E
@ E o+ \/ V \/ v \ :
0.5 = 2 E * E
= = -3 = 4. E
o= = o115 20 T2 150 185 140 145 150, 165 20 125 130 135 140 145 150
F 3 m, [GeV] m, [GeV]
-0.5F = (@) ()
_1:_ _: £ T T T T T = 2.5 T T T
= = § 6 ATLAS Preliminary hZZ7 2 E &7 'arLAS Preiiminary Hozz
-1.5 — £ 5- | —Bestii ca749m' 2 2F | —Bestil 47408
e oo e e by o e b e b 1 o E 4; sze; ;Ll(u)< 1 {LT_{? 49 é = 1.5:7 D,gefmt(u)< 1 .[Lf_d'] 491
100 200 300 400 500 " E[Sg?gV] g i+ E=7TeV _i S 1:_ l E=7Tev 3
(@) § -~ E
1 E F
E :\ TT UL | UL UL | UL | UL | L ‘ TTITT ‘ L | T T 14 0; f \ ; 0:_ s AA[\UAK“/ —
o 2.5 ATLAS Prehmlnary 2011 Data 2 T 3 o5
c = -1= = -0.5 -
[] e S E E F
ﬁ 2__ BeStflt J-Ldt 4649fb _ i S T T TP TTRET TR OV SRRy S| S A R AT AT L.
w = D'2 InAu) < 1 3 110 115 120 125 130 135 140 145 150 100 200 300 400 500 600
o] C . m, [GeV] m, [GeV]
c .50 \s=7TeV =
0] 'I:* 7 (c) (d)

0 55_ _E S 4C ATLAS Prdiminary | Hoob | g of 'atLas breiminary | HowWwW |
~E E £ ab —Bestiit J-Ldt:‘m—u o' £ 25 —Best fit J-Lm:4.7 ' ]
ob E g ok -2 <1 E-7Tv % O-2n2) <1 o7 TeV

- - 7] £ ] [} r
F i 1= E - -

-0.5 — o E F /J ]

1:_ _: _12_ /\f _E 0; "r\\\/ 7:
- = 2F 3 - I
-1.5 — E E [ ]
CLl | Ll | Ll | Ll | L | L | I ‘ L ‘ I | L1114 73'_|11\0\ L |11\5| L Iwéol L \1é5| L \13\0|_— _27100 L |2(|)0| L 560. L \4(\]0\ L1 wstl]ow L Is(‘)d |
110 115 120 125 130 135 140 1431 1[3({)3\/] m, [Gev] m, [GeV]
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