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§!Ei“ The ATLAS detector
LI P

Muon Spectrometer: In |<2.7 EM calorimeter: |1 |<3.2
Air-core toroids and gas-based muon chambers Pb-LAr Accordion

o/pT = 2% @ 50GeV to 10% @ 1TeV (ID+MS) o/FE = 10%/NE®0.7%

Hadronic calorimeter:
B In1<1.7 Fe/scintillator
§ } 1.3<In1<4.9 CWW-Lar
o8 p)l\' o/Ejet= 50%NE®3%

\o

*44 m long, 25 m helgh
»=108 electronic channels Inner Tracker: In[<2.5, B=2T

-3-level trigger reducing 40 MHz Si pixels/strips and Trans. Rad. Det.
collision rate to 300 Hz of events to tape o/pT = 0.05% pT (GeV)® 1%
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[LHC delivered data

t'r‘ L | | I | I I T ] ‘-:- :I LA L L \:

£ 30 ATLAS Online Luminosity - S 120 ATLAS Online Luminosity E

_%" C 2010 pp\s =7 TeV ] a B [ Vs=8TeV. [Ldt=14.01" <u>=20.0 ]

2 251 :ﬁgl;ﬁ‘;l’éﬂi‘é = g 100:— — \E=7TeV,det=5.2fb’1, <u>= 9.1 —:

£ E N D B 7

3 20 - 2 gl 7

E B ] % B ]

S 15 = 3 60 -

a8 r . < i ]

10— - o 40— —

@ - _

C ] o C ]

50 - 201 -

0: — —— : 0(; 5 | ‘1|0| - I1|5‘ | 20‘ - ‘2‘5| N 3|0 N |35 ;0
ya? P! o oct

Month in Year Mean Number of Interactions per Crossing

ATLAS p-p run: April-Sept. 2012
_1 . .
Inner Tracker Calorimeters Muon Spectrometer Magnets > 20.4fb -8 TeV PP collisions

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid > 52 fb_l 7 TeV PP Coll|s|0ns
100 99.3 695 97.0 99.6 999 998 999 99.9 99.7 99.2

> ~95% data taking efficiency
All good for physics: 93.7%

> 93.7% physics quality data
Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4th and September 17t (in %) — corresponding to 14.0 fb! of recorded data. The inefficiencies in the LAr
calorimeter will partially be recovered in the future.
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Physics objectives at the LHC

> Standard Model Physics
> QCD

> Jet production, jet properties

> Electroweak boson production and properties

> Top quark

> Precision measurement of its properties

> Di-boson production

> Anomalous triple gauge couplings
> Electro Weak Symmetry Breaking mechanism
> Search for the Higgs boson
> Are there new symmetries?
- > susy

S:CI_ 00 200 500 1000 2000 5000
SRR > Extra gauge bosons (W', Z', ...)

> Any other expected/unexpected New Physics?

P. Conde Muino Higgs Searches at ATLAS
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Jet production

|
> Highest di-jet mass event at 8 TeV (m_ = 4.69 TeV)

' CATLAS

A EXPERIMENT

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




> Dominant high p_ process at LHC:

> Provide precise information on the
structure of the proton

> Important tool to understand strong

Trigger Efficiency

interaction and search for physics beyond

SM

> Measurement includes forward jets

> Sensitive to different dynamics

> Better coverage than Tevatron

experiments!

> Jet algorithm definition

> Anti-kT with R=0.6 (and R=0.4), with
topological clusters as input and

corrected for JES

P. Conde Muifio
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Jet cross section
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> Jet trigger efficient to provide
unbiased, high statistics jet
samples in all p_bins
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Inclusive jet cross section

Phys.Rev. D86 (2012) 014022

; 1 024 : ] T ] T T L L I T T T T T TT ,2 _— 15_
) o1 [ antik, jets, R=0.6 ; gfl; (\)? (x01§()109) - E
— B B<|y|<0.8(x —
(\5 10 __J-Ldt=37pb1,\s=7TeV 082y <1.2(x10% — o
S qp'8 S —— O 12<)y|<21(x10%) 3 5
[oX £ —.—_,_ A 24<ly[<28(x10% b
15 F=—e= —o— A 28<|y|<36(x10°) 205 ¥1<03
%\10 = _e__e__e_ ‘ -, 7 365hl<44(x109 3 g
‘ -®- ] © '
QI—-I 01 2 :__"_.__._ © —— .- 3 o
N e e N S
b = =E=_E_ —m— o o= b H
4] E —E- - —— = r ]
© 106 == L —a— o —l—_._-.- -9-_6_-@-_: 0.5__ 0.3<ly] <08 =
E —a— g —=- 3 1.5 -
10— T T Tl : ;
E —A— — e ]
1 == —A— *_A_ === _
3 — =v= —t == SR =
1 0 E Systematic == ad =
C uncertainties  — T A —
1078 Fn NLOUET == 3
o ATLAS| | 3
-9 [ Non-pert. corr. _ ]
1 O 1 1 1 1 1 111 1 1 1 1 L1 11 I : :
2 2 3 L 12<y| <21 ]
20 30 10° 2x10 1 % v 05 y .
e 20 30 10° 2x10° 10°
pT [ ] P, [GeV]

I L dt=37 pb’’
\s=7TeV
anti-k, jets, R=0.6

Data with
statistical error

Systematic
uncertainties

NLOJET++ (;_L=p$a") X
Non-pert. corr.

B oro

— MSTW 2008

NNPDF 2.1

HERAPDF 1.5

> Exploring a new kinematic regime in energy and rapidity

Ratio wrt CT10

' PN T P R

SO
R
e ™

o

3B <y <4t

20 30

> Forward region never measured with such precision in a Hadron Collider

> These results constitute a comprehensive test of pQCD in a large kinematic

regime
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http://prd.aps.org/abstract/PRD/v86/i1/e014022

Search for di-jet mass resonances @8 TeV

ATLAS-CONF-2012-148

[2] R D L I = T T T T T T T — 3:\ T — T T T T
5 f ATLAS Preliminary { % | | L g 10° '
2 ol - Data 4 = \s=8TeV, [ Ldr =13.0 fb = ——— g*MC12 1
B — Background 7 E 4 ° [ data - fit ] / fit — < 102 —e— Observed 95% CL upper limit_|
104 \s=8TeV = s F - Q" PYTHIA 8 (1500) X T — Expected 95% CL upper limit
- [Lar=130f" 7 & | - #- " PYTHIA 8 (2500) © : 68% and 95% bands
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- = \ -
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10 - # ]
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> SM extensions predict new particles decaying to two partons
> Excited quarks g*: manifestation of quark compositeness

> Update of the analysis for 13 fb™ of 8 TeV pp collisions
> 95% CL for exited quarts: 3.84 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-148/

I

L B B Py Rev. D85 (2012) 072004

W/Z. boson production

> W/Z production provide a stringent test ground for
pQCD, LO, NLO, NNLO at a new energy regime

> Provide constraints on the parton density functions

> W'/W™ asymmetry provides information on
> The quark content of the p

> Fraction of momentum carried by the quarks
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http://prd.aps.org/abstract/PRD/v85/i7/e072004

Top quark measurements at ATLAS

> LHC is a top quark factory

> o, ~20x Tevatron, backg.~8x Tevatron

> Predicted cross section:

> oftt) =165""__pb @7TeV

approx NNLO

> oltt) =238"%2_ pb @8TeV

approx NNLO

> Top signatures:
> High p_Lleptons, missing E_,

b-jets
> Main ackgrounds: multijet, e vy EXPERIMENT
W-jets . tt—t»awea1 E T by

candldate event

P. Conde Muino Higgs
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: tt production cross section

ATLAS-CONF-2012-149

ATLAS Preliminary  _ | |

.. Theory (approx. NNLO)

form, =172.5 GeV

Date 2011 — st uncrary > New single-lepton channel measurements:
Channel & Lumi. o Hstat) #(syst) +(lumi)

Single lepton  0.70 b - 179+ 4+ 9+ 7pb > With 4.66 fb_l of 7 TeV PP collisions USing
Dilepton 0.70fb" | e 173+ 6 "1 " Spb o c

- (672185784 67 semileptonic B-decays

Combinati e 3%

emeination T 0, = 165 * 2 (stat) = 17 (syst) % 3 (umi) pb
New measurements

Tastlels 1677 ——— e 200419442 7pb ) a o

Thag * lEPton 2057 e 186+ 1320+ 7pb > With 5.8 fb™ of 8 TeV PP collisions:

All hadronic 168+12 ' 2+ 6 pb

\ \ | \
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_[pb . . .
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-149

F Jet multiplicities in tt events
> measurement of tt production with additional jets
> Constrain ISR/FSR

> Test of pQCD at the LHC energies
> MC@NLO: underestimates the data for L 6

> P_spectrum too soft

n F T T T T - (%) 41 T T T —
H ' b= r ATLAS Preliminary { = 10% ATLAS Preliminary 3
> All other predictions 8 I L e 1 &8 F e o :
i e ALPGEN+HERWIG 1 BT ALPGEN+HERWIG
) ; h d 10t — — MC@NLO+HERWIG i = — — MC@NLO+HERWIG
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consl St € nt Wlt d t d C o POWHEG+PYTHIA ] 10 E el e POWHEG+PYTHIA 3
- = . C ]
L _—— J-Ldt=4.7fb" 4 i J-Ldt:4.7lb" ]
10°E == T o 107 I T 5
- anti k, R=0.4 I 1 C anti k, R=0.4 ]
L <25 i <25 7
1027pT>25GeV . i 1O;pT>soeev — E
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- E HTJG S | I | } I [ o C eT]e S I | | | | -
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mailto:MC@NLO

Phys. Rev. Lett. 108, 212001 (2012)

> Test precise predictions of tt productionand ¢,
decays L%’SOO:
A = NAD+HNA)-N(EH-N{U1) oo
NAD+NAH TN FN T o

> Observable: angle between leptons (A0)

400¢

Top quark spin correlations

data

i1t (uncorrelated)

I smgle top
Z/y*+jets
diboson

- W fake leptons

ATLAS ]
Ldt = 2.1 fb'-

> Log-likelihood fit to SM template + NI ;
uncorrelated template : ]
e ——
> SM expectation: O e et
> A =031,A =044 =
>
Measured A’ = 0.40 + 0.04 (stat.) 722 (syst.)
Ameas — 057 + 0.06 (stat.) 1932 (syst.)

> Hypothesis of zero spin correlation excluded at 5.1c level (expected 4.20)

P. Conde Muino Higgs Searches at ATLAS
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http://prl.aps.org/abstract/PRL/v108/i21/e212001

!!i“ Top quark polarization in tt events

I p ATLAS-CONF-2012-133

> QCD parity conservation + unpolarized initial state = top quark unpolarized
> Sensitive to new physics models
> Study polar angle of charged lepton in top quark’s rest frame

> Fraction of positively polarized top quarks:

Muon channel fit:
1 N(cosH; >0)—N(cosO; <0)

j\=_+ . 1_- _||\[\\||||||\\Illll‘\I\llll\\\lllll\f\\
. . o C --Data
2  N(cost; >0)+ N(cost; <0) S 4000.  ATLAS Preliminary ;i
-g 35005_ J-L dt=4.66 b’ - =0
|_|CJ g \s=7 TeV - ocp=+1
> Results: 3000 — op=-1
2500}
f=0.470 £0.009 (stat.) fg_'g;‘; (syst.) 2000;
1500F
> In agreement with SM predictions (f_,=0.5) 1000} 7
500 3
O:II\[\\Illlll\\Illll‘\I\llll‘\\lllll‘\\\:
’1-0.8-0.6-04-02 0 0.2 0.4 0.6 0.8 1

cos(6)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-133/

W polarization in top quark decays

JHEP 1206 (2012) 088

T 4 T Y T 4 T J T T T ¥ T

0.7 :— V=1 and gp=g, =V,=0 SM _:
> W pOlarlzatlon 1/ Fo=lo/T,
> reflects the V-A coupling of the Wtb vertex ; —
. i =T 1'T({:.\caﬁcd[;“ ]
> Can be used to test anomalous couplings ' \
] n
i ) ) Fi U-f’— / . |||# \ ]
> Measure angular distribution of the charged : A _
3 eI FB ]
lepton in the W rest frame —
> Helicity fractions ’ '
1 d 3 . 3 : 3 .
e —(1—(:0.‘-;20*) Fo+=(1—cos@)? F, + = (14 cos0*)? Fg. |
odcost* 4° 8 8 o i
L L A R AL A L L B
ATLAS ILdt: 1.04 b o | F Fy g 1_ ATLAS s8% L _
BN NNLO QCD 08 %ok
Combination 0.6 _[Ldt= 1.04 6" allowed regions |
=+ Data (F_/F,/F) 04l E
Template (single leptons) e WA - ]
Template (dileptons) H-OH |l ke 0'2:_ E
Asymmetries (single leptons) e~ - —— of .
Asymmetries (dileptons) LI T . 02 o E
Overall combinati .- b c . VR
1 ‘{er|a |c°1m| Inla Ilonl T B T T I R R | -04__ .To.pFllt oy TR | YL|_1 ’l VIR_lo -
0 0.5 1 -0.4 -0.2 0 0.2 0.4
W boson helicity fractions Re(g))
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http://www.springerlink.com/content/1871461553170248/

u

Single top production (t-channel)

ATLAS-CONF-2012-132 Phys. Lett. B 717 (2012) 330-350 ATLAS-CONF-2012-056

Single top production
> Probe W-t-b coupling: ¢ oc|V_ f |

> Sensitive to new physics

6000} ATLAS Prellmlnary j Ldt=581f" \5=8 TeV

2 Jets SR ® data
I I t-channel
B /7, Wt s-channel
[ W+heavy flavour
[ W+light jets -1
[ Z+jets, diboson
Il QCD multijet
#z2 QCD + MC stat unc.

4000

Events / 0.05

e

rel. diff.

0.2 .
0 .....A..o..‘.....,..0.....‘...0.......'...0......0...’...3..‘..._
-0.2 -

0 0.2 0.4 0.6 0.8 1
NN output

th measurement at 8 TeV:

IV - f1] =1.04"%
th

-0.11

T I T l T I T | T T T | T I T
-~ ATLAS Preliminary a
top+antitop

o [pb]

t-channel single top

102

antitop

=Theory (approx. NNLO)
1 1.04 fb" arXiv:1205.3130 -
$4.7 o' ATLAS-CONF-2012-056

75.8 b ATLAS-CONF-2012-132 ]|
) ) | | | | | L | | | |
5 6 7 8 9 10 11 12 13 14

CM energy [TeV]

Ratlo top/ant1 -top at 7 TeV

ATLAS Prellmlnary det 47fb \s 7TeV
ATLAS result
ABKMO09 ——i
NNPDF 2.1 P o——
MSTW2008 ——
GJRO8 ——
CT10 (+ DO W asym.) ———i
CT10 P —e—
1.2 13 1415 16 1718 19 2 21 2.2
Rt

> Lower limit @95% CL: |V_| > 0.80 (assuming f=1)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-056/

Searches for tt resonances

ATLAS-CONF-2012-136

> Using 4.66 fb™* of 7 TeV pp collisions

> ttinvariant mass distribution in good agreement with SM expectations

Inclusive selection Boosted selection
> SFATLAS Proiinay  own | Op > I Eama T o S
e 6 y - Data Ot ATLAS Preliminary —Dat
l: 105 JL=4.66 ' Vs=7TeV .Sing_k'?‘ top DW".'jets |9 104:E JL:4_65 b {s=7TeV .Siigle top g{/tVHets E
« 10 EMulti-jets  [@Z+jets - of @ Multi-jets [@Z+jets 7
CIC) 10% OODiboson  p + jets g 10 E ODiboson e +jets 3
> - ]
10? 105 ]
y 3 ? E
1? -~ g %%
o 2_.../% o 21 il DO 77277 v v e
s . = 7
8 1 »%WWWW ///W 7 = T @Ky%f// /4//
8 ) Z —ﬁ/// // CD% ; 7 W ///
0 0.5 1 1.5 2 2.5 3 3.5
m. [TeV] 0 0.5 1 1.5 2 2.5 Cr‘}nﬁ [_I_eS\./?

> Boosted selection:
> One large jet containing all decay products of the hadronically decaying t—>Wb

> Use substructure information to reduce background
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-136/

Searches for tt resonances (II)

> 95% CL exclusion Llimits on benchmark models:

> Leptophobic topcolor Z' excluded for masses below 1.7 TeV

> Randall-Sundrum Kaluza—Klein gluon excitations excluded for masses below 1.9

TeV
a V5=7TeV ——— Obs. 95% CL upper limit Z s=rle — °s 0 upper m
= 10° 4 emeeeees Exp. 95% CL upper limit = 10 ILdt 486" 7 Exp. 95% CL upper limit
2 E | Lar=a661 Exp. 10 uncertainty 3 T Exp. 16 uncertainty ]
N 102' Exp. 2 G uncertainty . caé . Exp. 2.6 uncertainty -
% F BB Leptophobic Z (LO x 1.3) B | o 10 Il Kaluza-Klein gluon (LO) 'a
E I 3 o imi 3
X ATLAS Preliminary - < ATLAS Preliminary .
N 10 s 10
© ~ o
...... 1 :
1 -5 "
S TS ]
10 107
[ T M M PR BT BRI B B '2
0.6 0.8 1 1.2 1.4 1.6 1.8 2
Z’ mass [TeV] Yk Mass [TeV]
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Di-boson production

109 E""I i "
TGC vertex _ o, 3
i : a8
7 0’ 1 Tevatron LHC —%10
i / Y
10° | / J10°
> Standard model predicts TGC, fully v 5 |
constraint by EW symmetry 10° | / {10
_ _ E G(Eft>Vs20) b,
> WWy and WWZ vertices are predicted, . 1.
= a0 2 Ow 310'
» ZZy and ZZZ are forbidden % 2 %z : :
E G (E;>100Ge) | 5 ]
> Beyond standard model physics could modify 10" ¢ il w11
di-bosons cross sections and kinematics /
107 o/ | e
> ATLAS measured WW, WZ, ZZ, Wy, Zy P VAN :
production cross sections 10% | ruges(My = 150 GeV) {10
E Opug9s(Myy = 500 GeV) *4
107 :““| P VX AT ,'10-6
0.1 !
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WW cross sections

arXiv:1203.6232

> Expected WW cross section: 44.7*% pb

> Measured value:| ¢ =5194+20 (stat) £ 3.9 (syst) * 2.0 (Lumi) pb

WW

> Use the leading lepton p_to calculate limits on the anomalous couplings

Vv
‘EWWV Vv v v Vst v A Vo
= i|g) (Wi, WHVY = Wy, WHVY) + Wi W,V + — W) WiV
gwwyv mw
' I
> —_ —— . 95%CLIlmltsfromWWproductlon
& B0 arwas [Lotoasi’ \so77oV £ [ o arias o Aoy |
o - T Ns=rie u bt ATLAS (4.6 o', A=)
N 500 —4— —4— Data - Ak, ' & | EEAPS (36 pb, A=o)
P /A 1T} ; ;- (26 1)
§ . [ " : it AL Al
o SR LSSt F R —— Ax,=0.1 : —_— A=2Te
2 400 z ] N SO AR
w = # 7\2=;\"1=0'15 7
- Agi=0.2 E p--;r_'-..
300F s Baskground . A T
C  Sstatasyst n LERRhi preeees 1
2001 v T ]
C 7 ,_|
100_ HEEEEEAT T |..:....|
_ 7 e
____________________________ 3 Ag’ ' . '
S s 555 '"E'_"_' | EEEEETEE T ‘\- -------------- 1
20 40 60 80 100 1 20 140 1 60 1 80 200 L 1 | 1 L L ‘ L 1 1 I L L L ; 1 1 1 ‘ L L L | 1 1 L I L L
Leading lepton P, [GeV] -06 -04 -02 O 02 04 0.6
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FRL. 06, iobA G 21, WY, Zy cross sections

p ATLAS-CONF-2012-136

T [ anaserciminey om0 mers cron
~ L —=zw | > WY, Zy exclusive cross sections
o e
] > Good agreement with SM NLO predictions
i g > Wy, Zyinclusive cross sections
ATLAS Data 2012 (1s=8 TeV)
- e ZZ- 1l (66<m"<116 GeV) L=5.8 fb' o o . . .
ATLAS Data 201 (1527 ToV) > Disagreement at high E_* due to missing higher
1= o ZZ- Il (on-shell) L=4.7 b T
C O ZZ- livy (on-shell) L=4.7 fb™ . .
- Tovatron (fo=1.56 To¥) order QCD corrections in the MC
B ® CDF ZZ- li(ll/vv) (on-shell) L=6.0 fb"
| ® DO ZZ- lI(li/vv) (60<m“<120 GeV) L=8.6 fb”' . . .
e ccn e n o) > ZZ cross section consistent with
0 2 4 6 8 10 12 14
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[.imits on anomalous TGC

ATLAS
95% CL intervals

o ATLAS(1.02 fo'!, A=2 TeV)
e ATLAS (1.02 fb", A=)
e DO (4.2 fb™, A=2 TeV)
= CMS (36 pb!, A=co)

= LEP

o e b b bwy

M ATLAS™ T 7 - ATLAS R
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SUSY searches

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

T T T T T I ——
§=gmass

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

T miss ) ] y
T miss 4 =gmass der =(0.03-4.7) b

@ MSUGRA/CMSSM : multijets + £, .. gmass (large m,) fs=7TeV
5 Pheno model : 0-lep + j's + E, .. gmass (m(@) <2TeV,light7))  ATLAS
§ Pheno model : O-lep +j's + E; .. Gmass (m(d) <2 TeV, light f?) Preliminary
2 Gluino med. % (§— qGi ) : 1-lep +j's +E; .. g mass (m(i?) <200 GeV, m(7") :%(m(fo)*-m(ﬁ)}
Z ;
2 GMSB : 2-lep OS__+ Ey s g mass (tang < 35)
= =,
- GMSB:1c+fa+E . g mass (tanfs > 20)

GMSB:2c+fa+E gmass (tanfs > 20)

GGM :yy + ET.miss gmass {m(f?) > 50 GeV)

- Gluino med. b (§—bb%.) : O-lep + b-j's + £, ... gmass (m(if) <300 GeV)
'.% Gluino med. T {g—mx )i l-lep +bej's + E; o gmass (m(f?) < 150 GeV)
% Gluino med. T {g—)tlx }: 2 Iep (88) +js+E; .. gmass (m(f?) <210 GeV)
_g> Gluino med. T {g—)tlx )omulti's + E5 L gmass (m(;i?) < 200 GeV)
E:E“: Direct bb {b — L‘rx J:2b-jets+E; . b mass {m(f?) < 60 GeV)

Direct tt {GMSB) Z{—>II} + b-jet + E

T mass {115 cm('f]) < 230 GeV)
¢y Direct gaugmo x 12 — 3Ix } 2 Iep S5+ ET miss {

7, mass ((m(Z,) < 40 GeV, 7. m(x,) = m(z,), m(i¥) =Hm(z,) + m(Z)
f mass {mi(y 0) <170 GeV, and as above)

%, mass (1 <3(%,) < 2 ns, 90 GeV limit in [0.2,90] ns)

g mass

AMSB Icng lived 11

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

SMP : R-hadrons

SMP : R-hadrons (Pixel det. only)

GMSB : stable T

:; ....................................................................... RPVhlghmassep
% Bilinear RPV : 1-lep +j's + E

MSUGRA/CMSSM - BC1 RPV : 4-lepton + E

b mass

tmass
gmass

v, mass (4,,,=0.10, 1,,,=0.05)

an tThaz

g=gmass (c1 ., < 15 mm)

T miss
gmass

sgluon mass (excl: m,, < 100 GeV, m,,= 140+ 3 GeV)
I L1 11111 1 I L1 11

10 1 10
P. Conde Mass scale [TeV]

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

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

Large ED (ADD) : monojet Mg (8=2)
Large ED (ADD) : diphoton M5 (GRW cut-off) ATLAS
" UED @y + ET.miss Compact. scale 1/R (SPS8) Preliminary
5 RS with k/M_, = 0.1 : diphoton, m., Graviton mass
2 RS with k/M, = 0.1 : dilepton, m Graviton mass }
£ RS with k/M, = 0.1: .72 resonancg m""“ul: Graviton mass j.‘.d! =(0.04 - 5.0) fo"
E RS with g !g =-0.20 : ff — I+jets, m KK gluon mass fs=7TeV
5 ADD BH (MM =3) : multijet, £p _ NM: M,, (5=6)
H ADD BH (M+,, /M;=3) : §S dimuon, Nch_ part My (8=6)
ADD BH (MTH!MD=3} ' leptons + jets, ©p M (5=6)
Quantum black hole : dijet, F {mﬁ M., (5=6)
..................................................... q 'q'q'q'ﬁt’)’ﬁté’ﬁt"ih’té'r’ét:’tiﬁh""'x'{'r’."ri"}" \
G qqll Cl : ee, pp combined, mII A (constructive int.)
uutt Cl : S dilepton + jets + ET s A
1=4.9-5.0 f5” (2011} [ATLAS-CONF-2012-007] 221TeV £ mass
L=1.0 10" (2011) [1108.1318] 215Tev W' mass
e=tamw? (2011} [1112.4828) seoGav 1 gen. LQ mass
L=1.0 16" (2011} [Preliminary] g5 Gev 2™ gen. LQ mass
® 4% generalmn Q E'.l' — WqWgq |t=t01” 2011 [1202.3389) as0Gev. Q, mass
= 4" generation : LI U — WbWb  |t=1.0m" 2011} [1202.3076] 404GeV| U, mass
B 4" generation : d H — WHWL [L£=1.0 10" 2011) (Preliminary] 480GaV. d, mass
% New quark b': b'b'— Zb+X m, 1=2.015" (2011} [Prellminary] 400 GeV b' mass
Z ..................... axo. Ath _>tt+A A ..... 1|ep+JetS+E IMiss. . L-i.nbe l:.“‘} [11M2§] mm T mass (m(A) = 140 GEV)
5 EXcited quaﬁ(s v-jet resonance, m - : q* mass
& Excited quarks : dijet resonance, m gq* mass
= Excited electron : e-y resonance, m_ &* mass (A = m{e*))
i Excited muon : p-y resonance, m u* mass (A = miu*))
""""""""""""""""""""""""""""" Té'éﬁh'ilﬁéa'rbﬁé'""di[é'ﬁfdr'i"}ﬁ";"'""' prmT mass {m(prmT) -min.) = 100 GeV)
Techni-hadrons : WZ resonance (vIll}, m ez p_mass (m(p_) =m(n,) "'mw=m(31) =1.1m(p))
Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W_) = 2 TeV)
E Wg (LRSM, no mixing) : 2-lep + jets Wg mass {(m(N) < 1.4 GeV)
&  H (DY prod., BR(H“—)pp) 1) : 88 dimuon, m H* mass
Color octet scalar : dijet resonance, nt'i: Scalar resonance mass
Vector-like quark : CC, m,, Q mass (coupling ko = v/img)

Q mass (couplmg rqo w’mQ
T B I I R Lol [ B

10" 1 10 10°
Mass scale [TeV]
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New boson observed in Higgs searches

P arXiv:1207.7214
J 2012 =2 10F At A~ T .
uly s | ATLAS 2011-2012 [t ]
> Three channels used for = - \s=7TeV: .J':Ldt=4.6—4.8 fb Elicr)s“ . ]

: - \s =8 TeV: |Ldt=5.8-59f" — Ubserve

2012 data analysis - r T Bkg. Expected
> HoWW P R —— A
2 4
> Hoyy & :
> HoZZ BN N A2 S a e Ny ]
o' CL, Limits -
110 150 200 300 400 500
m, [GeV]

> SM excluded at 95% CL from 111-122, 131-559 GeV

> Excess of events observed at ~126 GeV
Local/global significance of 5.96/5.1c
P, = 1.7x10°°
> Best fit mass: 126.0 + 0.4 (stat) = 0.4 (sys) GeV (only ZZ and vy channels used)
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Higgs production
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Higgs decays

By {£ > 5 different decay modes
2 1 High mass: ZZ, WW
610_1 3 Low mass: bb, vy, WW, ZZ, 1t
o
p > Low mass very challenging
o
T > Best mass resolution: H—yy,
10° H—ZZ-lLU
10° — ' T
100 200 300 400 500 00

M, [Ge

Showing new results with respect to July 2012:
> H—-WW, VH (with H—bb), H—1t
All channels did a blind analysis

> Signal region kept blind untill all the details of the analysis were fixed and
backgrounds were understood using control regions
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H—->WW-—=lvlv

<3 A ¢ N > Two opposite sign isolated
{Q\4 S
\\EEQPI!TMAEré leptons and large missing E_

Run Number: 204026, Event Number: 33133446

Date: 2012-05-28 07:23:47 CEST A ] / h': = g Relies On the WhOl.e detector
working perfectly

® - 0O-, 1-jet categories

-0 control region

> I B
(0] o . . 2 J
} - ATLAS P | - Data %% SM(sys @ stat) ]
: H—->WW-—uvev candidate event o 3501 _BTVJLf_ISLnf?_Ty o B
Main backgrounds AL — P A ot
% 300: H—-WW" '—evuv/uvev (1 jet) B 256Gy o
> WW, tt, Wt g 20t .
200F =
> WH+jets, Wy, ZZ, Drell-Yan b E
Updated with 13 fb™* of 8 TeV pp collisions! 1005~ E
50% ~

050" 100 150 200 250 300
my [GeV]
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H—WW-—=Ivlv results

p ATLAS-CONF-2012-158

> 240__| T T T T | T T T T I T I T T T T | T T T |__ > _l T T T T I T T T T I T T T T I T T T T | T T T |_
G 2200 ATLAS Preliminary & e Z o0 oo 2 G 120 ATLAS Preliminary —$— B sibraceddaa
2 200F \s-8TeV,[Ldt-130f' D¢  EsrdeTor = - \s=8TeV,[ Ldt=130f" [ | HI25Gev] 1
~ :_ ) . B Z+jets [] W+ets = - 100 — " ]
% 180F" H->WW' —evpv/uvev (0 jets) Bl H[125GeV] o Q - H>WW' '—evuv/pvev (0/1 jets) -
o 160F = s 80 ]
= = > L i
W 140 E W C N
120 E 60~ -
100F- = - .
80F- E 40F -
60F- E - .
40F- E 20F + ]
20¢- E Of ‘ -++*+*+-++T-
R ar la: ia. . 3 C 4»*# 7
100 150 200 250 300 L e
oy 50 100 150 200 250 300
e
my [GeV] e [GeV]
Q_o 5 L L L
=< 1 04 ATLAS (If)’reliminary
> Excess of events observed 8§ 10'E HowWW evpviuvey (01 jets)
102 Is =8 TeV: [Ldt = 13 fb"
> Broad excess (poor mass resolution) 107 _ops, @:to

10E --Exp. m, =125GeV [C+2

> Minimum pO at 111 GeV (pO = 3x107)
> Local significance at 111 GeV: 2.8c
> Local significance at 125 GeV 2.6¢

ol
100 120 140 160 180
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@ATLAS'

EXPERIMENT

VH—bb ATLAS search

http://atlas.ch WH-—uvbb candidate event

Run: 207620
Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC

> Signatures

> Three channels
> WH — lvbb
> ZH — llbb
> /ZH — vvbb

> High p_isolated leptons, 2 b-jets, Large missing E_ (Lvbb, vvbb)

> Different categories based on pTV/ETrniSS

> Backgrounds: W/Z+jets, top, di-boson, QCD jets

P. Conde Muifio
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mzH

> E 3
[0) 5E ‘A LAS Prellmlnary =
O] E EWH 3
8 40E- Ldt=13.0 15, S8 = 8TeV ¥u|.ije‘ 3
a E  0Lepton 2 Jets, E'T'"ss > 200 GeV -v;’: 3
§ 35t b =
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w30 EZ =
E Diboson E
= --- Pre Fit —
F --Data2012 o
""""" 3
H'IIIIATIII
S SSS SIS
m,; [GeV]
> e L e e e e B e
[} E ATLAS Prellmmary WzH E
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o E Ldl_13l7/b Is=8TeV Multijet =
& 40F " Top
k) E 1Lepton 2 Jets, p > 200 GeV mwb 4
T ~— m E
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F | il Diboson E
25F  geeeqeeed --- Pre Fit —
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15 =
10 =
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> A A ) B
8 F'ATLAS Preliminary Wz b
o 251 I Ldt=13.0f5", \s =8 TeV Multijet
q r 2 Top
(2]  2Lepton 2+3 Jets, P> 200 GeV
c Wz
) 20 o
o [z
Diboson
15 --- Pre Fit
-4-Data 2012
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i S O e
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PRI B
40
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120 140 160 180 200

m,; [GeV]

ATLAS-CONF-2012-161

VH—bb

> Di-bjet invariant mass for the most sensitive pTV bin

> WZ & ZZ production with Z—bb similar signature,
but 5 times larger cross-section

> Analysis strategy validated by searching for di-boson

signal

> 0/o_, =1.09 % 0.20 (stat) %

> Significance: 4.00

400
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Events/10 GeV
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100

-100

0.22 (syst)
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TLAS Prellmlnary o
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VH—Dbb results

T ‘ T T T
ATLAS Preliminary \s=7TeV, I Ldt=4.7 b
—e— Observed (CLs)

Expected (CLs)

\s=8TeV, I Ldt=13.0fb"
VH(bb), combined

95% C.L. limit on o/cy,,

_LII\\‘III\‘\III‘\\II'\\II'\\\I

> 1.8 (1.9) x SM prediction
» o/o,, =u=-041 0.7(stat.) £ 0.8(syst.)

P. Conde Muifio

LATLAS Preliminary VH (bb)
— Obs. I Ldt=4.7 16" \s=7 TeV,J Ldt=13.0 16", (5=8 TeV
----- Exp.
—_
1 I 1 1 1 1 ‘ 1 1 1 | I 1 1 1 1 ‘ 1 1 1 1 I
110 115 120 125 130

> Observed (expected) limit at m =125 GeV

> Observed (expected) p° value: 0.64 (0.15)

Oc

1o

Higgs Searches at ATLAS
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H—1tt ATLAS search
CATLAS

2 A EXPERIMENT

Run 190878 ,Event 2721965
Time 2011-10-12, 12:09 CEST

Po(t, .79 = 72 GeV
Pr(T,.a P9 = 45 GeV
E,"* = 28 GeV
p,(jet) =107 GeV

Coll. mass = 121 GeV

> Analysis categories:
> 0,1 jet (dominated by gg fusion), 2 jet (VH and VBF)

> Backgrounds
> Z-TT (irreducible), estimated from embedded Z— | data

> T/lepton fakes, data control regions
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e

Fp Tau reconstruction

0.1% others

> Neutrinos in the final state
Difficult to reconstruct di-t mass T

Challenging to suppress jet
background

> Constrain the neutrino momenta
using tau decay kinematics to
improve di-t mass resolution

NIM A654 (2011) 481

AL L e O M
18— Realistic resolution —— 2/ —rrr, M, 530 GeVic"
r hf-hadchanne\ ______ H—'“:MF”E’GEV’@ ]
121 py >10 GeV/c, E>10 GeV H—yn,MH:IBOGEVﬂ:Z -

. 7

(=] o

jy -

[*] )
TT

Arbitrary units
o
T

0.08[

0.06]

E > Use a MVA to select hadronic t's
> Efficiency: 60% (h/H/A), 30%(H")
> Miss-identification: 5% (h/H/A) 0.1-1% (H")

0.041-
0.021-

AP B, i ::.._._I |
120 140 160 180 200

...-u..-l'\--‘.-i"i.:.l. Ll
40 60 80 100 0
M. (GeV/c’)
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Events / 20 GeV

95% CL Limit on o/og,

P. Conde Muifio

ATLAS-CONF-2012-160

Most sensmve category (VBF)
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T
mhad + ethad H+2 Jet VBF

—e— Data
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Il Others
[ Faket

772 BKkg. uncert.

[Lat=1301"

Vvs=8TeV
ATLAS Preliminary

Events / 20 GeV
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ATLAS Preliminary 1
—e— Observed CL_ I Ldt=4.6fb" \s=7TeV {
-- Expected CL_ | Ldt=13.0 fb", (s = 8 TeV ]
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B+ 1c

PR RS R
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m, [GeV]

H—17 results

L o N Emmm e
ThadThag H+2-jets VBF ]
—o— Data
— 5x H(125)>1t

Bl Z-tt

[ Multi-jet
Il Others

772, Bkg. uncert.

det=4.6fb‘

\s=7TeV
ATLAS Preliminar

It

100 150 200 250
MMC mass m,, [GeV]

||\|||||7<‘\||‘|||||\\‘1|||

30F e e + i Ha2jet {/'B'F"t 3 F
- —+— Data 1 © 142_
25 — 2xH(125)>1t - ~ o[
C -éet‘c . g r
- Bl Z—eeun {1 o r
20;_ B (issingle-top i 10:
L Wwwzzz ] g
151 I Fake leptons ] .
- 77 Bkg. uncert. ] a
g [Lat=130m" .
L {s=8TeV ] E
5_ ATLAS Preliminary_f -
0(; 50 100 150 200 25 300 350 460 0(;
MMC m,, [GeV]
> Broad excess observed
> Observed (expected) limit at 125 GeV:
> 1.9 (1.2) x SMvalue
>

Higgs hypothesis

Results consistent with either background or SM
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ATLAS-CONF-2012-162

| | | |
ATLAS Preliminary
W,ZH — bb

Vs=8TeV: Ldt=13 10"

H— 1t
Vs =7TeV: [Ldt=4.61"
Vs =8 TeV: J-Ldt 13fb‘

H-ww = viv

Vs=8TeV: [Ldt=13 0"

H— vy
Vs=7TeV: [Ldt=481"
Vs =8 TeV: J-Ldt 591"

H—>ZZ —>4I

Vs=7TeV: [Ldt= 481"
\s=8TeV: | Ldt=581"

Vs =7TeV: [Ldt = 47fb‘ -l

i m, =126 GeV

\s = 7TeV: [Ldt=4.6- 481"
\s =8TeV: [Ldt=5.8- 131"

Combined p=13+03

—e—

0 +1

Signal strength (u)

P. Conde Muifio

Signal strength

n=13+0.3form =126 GeV

Compatibility between individual m
measurements: 36%

Compatibility with the SM
hypothesis: 23%

> Consistent with SM expectations
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Couplings of the new boson

ATLAS-CONF-2012-127

> Define scale factors k. Example: |
K, " K

(0 -BR)(gg »H—1) = osulee ~ H)-BRow(H - yp) - —
H
> Scale vectorial and fermionic couplings by k and k. Arv = xr/xy
Kvy = Ky - Ky/KH

Assume SM total width: No assumption on total width

w A ) B T ™ > L L
* - ATLAS Preliminary + SM . < - ATLAS Preliminary + SM T
3l J x B2e|stj{t( ) <237 3 s =7TeV,|Ldt = 4.8 10" x B29|st}‘{t( ) os
- V{s=7TeV,|Ldt=4.8fb" —-2InAfx k) <2.3 7 - {s=8TeV. [Ldt=5859f" — nA(k sAgy) <2.37
Jf 15 =8TeV, JLat=5850f" - 2INAlKK) <6.0 7 oL e 2 INAGKy Aey) < 6.0
1 LD P 3 E
- T . of- -
Uny T C ]
E D e N ‘; E '1:_ _:
= O},/’ - - . .
- N ] 2F L =
I S R PR B Ly 1 L Ll | L | -
84 06 08 1 12 14 16 1.8 0 0.5 1 15 2 2.5
Ky Kyy
> No significant deviation from the SM observed
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Charged Higgs searches H*—1v

> Search focus on a light charged Higgs produced
in top decays

> For tanf > 3, H*—1tv dominates

> Channel topology organized according to W and
Higgs decay

tt — bbH=WT — bb(11¢,v)(qq)
tt — bbH*WT — bb(Thaav)(fv)
tt — bbH=WT — bb(Thaav)(qq)

> Selection:

Tau(lep) + W( — jets) Tau(had) + W( — jets) Tau(had) + W( —

1. With pT> 20 GeV
MET & Topological cuts MET & Topological cuts vertex ZpT > 100 GeV
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Charged Higgs searches H*—1v results

N
(o))
o

TT T [T T T [ T T T [T T T [T T T[T T T[T T T [ TTT > SRR R R R — S I I I O O B O B
E [ .o Daté 201‘1 | 8 80:_ATl.lAS o | . I‘Data 2‘011 | T B | | | | | | ]
=) 2001 O ft - bbW*'W- N Q F T+ets  [Jtuer Q i ATLAS ]
T 2001 mm Others 7] ~ 70f Bl Jet—© misid T L .
£ [ 2 SM + uncertainty 2 60 Bl e misid R gfsgalgg Cls  Data 2011
2 1500 — M= 130 GeV ] S AR B Mutti-ets ] a 1¢ B+ 1o \s=7TeV 7

- B(t— bH") = 5% 5048, 3% SM + uncertainty 1+ 26 ]
100 ILdt =46’ ] A — <1306V 3 : det =461 -
C\s=7Tev 30~ Pt g 107 |
o ATEAS ooF [Lo-asm’
E lepton+je ey ] 1()» N o \s=7TeV _; E ....................... ]

e 0 — - L SO _

80 40 60 80 100 120 14;7(’);#/1[%03\1/?0 0 50 100 150 200 250 300 350 400 10 i combined E
1 [GeV] o J ! ! ! ! ! T

90 100 110 120 130 140 150 160

QGOI\I!lllllll\ll‘llll T T 1T LI ||\|_ mH+[GeV]
= ATLAS ;

- mP \s=7 TeV 3

500 M IF -
Data 2011 JLdt=4_6fb-1 7 > No signal observed

— — = Median expected exclusion

|:| Observed exclusion 95% CL

------ Observed +1o theory

> Calculated limits on BR(t—bH")

> Low mass H* allowed phase space in the
MSSM scenario is heavily constrained

————— Observed -10 theory

|\||‘\|\||\\|\||\\|‘~|~T

I B B S B A A B e L1

0
90 100 110 120 130 140 150 160
my- [GeV]
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Summary and conclusions

Eﬂ i“
:
L

> Wide range of physics studies performed  ATLAS Preliminary

10°

B
g 8 35pb’1§ : @’:71.6\/ ‘
by ATLAS I S = Thocr
. _ _ 10% " Data 2010 (L= 35 pb')
> SM physics: jets, W/Z boson production, - © Data 2011 (L=1.0-47 )
top quark production and properties, 10°E e e
triple gauge couplings, ... - . * Data2012(L=5815)
. 10°E 106" 3
> Searches for Physics Beyond the SM - omt
B ' 2 f—  ssn
10 LIS RV P
E 471"
> Higgs searches T T T e e e T

> The new boson discovered on July is under study
> 3 channels updated with 13 fb™* of 2012 data (H-WW, H—bb, H—11)

> Up to now results compatible with the SM Higgs boson hypothesis, but
uncertainties are quite large
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Backup
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W/7Z, differencial cross sections

> Differential cross sections calculated in the fiducial volume

> 2-3% accuracy

> Overall agreement with the considered PDFs

> These measurements can be used to constraint the PDFs

= 800 . . ;
8 | ATLAS ]
= 700 o -]
< N L oA” bl ]
= b4 e i"‘iﬁ_—%—ﬁ bty o]
) - ] N . 1 ‘_.Tl _
° 600:4’%*7_&'“_; y o T8
5001 E
. I Ldt=33-36 pb™ W= | ]
400,— E#= Data 2010 ({s = 7 TeV) ]
; é LA::{—YF(’)SHS — Uncorr. uncertainty E
300 L O ABKMO9 Total uncertainty -]
L ¢ JR09 ]
S Leloiela. Aném&&jéa 4>A[3*A.§
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s 0.9r "' - ‘
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= |
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Higgs Searches at ATLAS
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H—77—4l analysis

arXiv:1207.7214

QATLAS -
hﬂ.p://ullns.th SeleCtlon:

Date: 2012-06

Sl > 4 isolated leptons

> Z mass constraint on one | pair
Main backgrounds:

> Continuum ZZ"—4l production
> [+tjets, tt

>0.09__I\II‘I\\\|\\\\‘I\I\‘\\\I\\1\I\Il_
& | ATLAS Preliminar

ot 0'08;_ Simulation

= 007? ® m,=130GeV

=) o Gaussian fit

< 0.061

F HoZZ*—>2e2u (\s=8TeV,
0.05 Hr#em2eaul )

|\

H—Z7Z —uu ee candidate event

Discriminating variable: m

0.04F m=(128.71£0.04) GeV
[ 6=(2.33+£0.04) GeV
0.03[ fraction outside + 25: 19%

0.02-

0.01 I without Z mass constraint

> Excellent mass resolution of 1.8-2.5 GeV (4p, 4e)

B0 80100 110 120 130 140 150
m, [GeV]
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H—77—4l analysis (II)

oy 1024"‘\""M'"w'”"\""HHH"H"HHHH:
Excellent mass resolution S 10op ATHAS Preliminary =
S ospv Lyt YT TR T TV
> 1.8-2.5 GeV (4p, 4e) S g R P
' ' ! 5 - ¢ s -
5 94;‘ é é ‘7:
Very good e/M reconstruction efficiency Eowcdt N
) § o0 1
> ~97% for muons with p_>6 GeV 5 88 o =
T § 8621 +DalaJ-Ldl-4A7fb'1 +Data_[Ldt—770pb'* E
m E TAiM\CHH\uuu\uwu\wﬁﬁ?u\uuluu\uu%

> ~98% /95% for e reconstruction/ID B s e s T s 2
nC\usler

Z+jets and tt backgrounds estimated using
control regions

Z+jets, tt control region:
> L

T T

S100l-  aTLAS eData |
L i . 770

3 [ Hozz'-a =z -

E: 80is=7 TeV:det =48fb" HT;:Z o
w [ \Vs =8TeV:det=5_g ! OH( e )i

> No isolation & transverse 7,SystUne.

impact parameter
requirements on the sub-
leading lepton pair

0
20 40 60 80 100
m,, [GeV]
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H—77—4l results

> [ T ‘ T T T T I T T T T I T T T T %1 02 F LU | LU | |||||||||||| | T TT | rTTT B Q_O | L | LI | LI | LI ‘ LI ‘ T T 17T L
8 - e Data ) ATLAS E E ATLAS —_ Observed CL E = 102§ e (Igbs. comg_ineg ATLAS E
w 25[ [l Background 22 0 5 Y Expected L. 1 S [ omeaort Ho 22 41 ]
> F B H—ZZ '—4l c L Ho 7705 a1 Xpecte s 4 9 Al vy 2011 4]
£t [l Background Z+jets, fi o | i . Wtie ] 10f = Exp. 2001 \s=7 TeV:[Ldt =4.8 b4
o [ []Signal (m =125 GeV) = Vs=7 TeV:]Ldt =4.8 fb C):2e - Exp. 2012 V=8 TeV:[Ldt =5.8 fb '
201 " 7 == 4ok 1s=8TeV:[Ldt =58 10" § 4 I _ _
" % Syst.Unc. EQ_I) E E v\rv =
1518 = 7 TeV: JLdt = 4.8 fb” BT g .
o | & T

[is=8TeV:|Ldt=5.8fb"

E ______________________ ;‘_,_.l\‘. _____________ St ...., _____________________ E 46

10-1|||||||||||||||||||||||||\||||\||| 10-5 llJlIllJ|I"JI“‘JlllIlllll':l:llllllll

100 150 200 250 110 120 130 140 150 160 170 180 110 120 130 140 150 160 170 180
m,, [GeV] m, [GeV] m, [GeV]

> Expected exclusion:

124-164 GeV, 176-500 GeV
> Observed exclusion:

131-162 GeV, 170-460 GeV

Excess of events observed near 125 GeV
> Maximum significance: 3.4c at 125 GeV

> Probability of background fluctuation
3x10™
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>

>

n Number: 191426, Event Number: 86694500
Date: 2011-10-22 15:30:29 UTC

>

>

I P P P |

FLCLTTI [N “ [

>
>
>

H—yy candidate event

H—yy analysis

arXiv:1207.7214

Two isolated photons

Search for a narrow peak on a large
continuum

Main background:

Continuum vy production

> v+jet, jet+jet

10 different analysis categories

Converted/unconverted photons
Photon location in the detector
Di-photon transverse momentum

New two jet category sensitive to
vector boson fusion production

P. Conde Muinio Higgs Searches at ATLAS 51


http://arxiv.org/abs/1207.7214

Events /2 GeV

Y weights / 2 GeV Events - Bkg

X weights - Bkg
—~0 A O A~ ®

1s=7 TeV, [Ldt=4.8fb"
15=8 TeV, [Ldt=5.9b"

@

ATLAS ¢ Data
—— Sig+Bkg Fit (m =126.5 GeV)

Bkg (4th order polynomial)

e 4
Ly
o

H—yy

(©)

4 Data S/B Weighted
——— Sig+Bkg Fit (m =126.5 GeV)
Bkg (4th order polynomial)

]
.,
.-

-
»

» -4
»
»
Il ||h|||||||||||||||| 111 |

150
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140

110
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160

H—yy results

L R
Observed CL, limit
Expected CL, limit

R
SM H—yy
Data 2011,Vs=7 TeV, [Ldt = 4.8 fb' ]

Data 2012, Vs= 8 TeV, [Ldt = 5.9 6"

ATLAS

E 6J T ‘ T
)]
b B
o) N
S  F mmm:e
£ N
= -
O B
5 sF
(o)) ,
2l
[

970

I AP EFRRPITEN EFRFRFINEN PRFRPINEN EFRFRTITE RPN R
115 120 125 130 135 140 145 150

> Exclusion at 95% CL:
Expected: 110-139.5 GeV
Observed: 112—122.5 GeV,132—143 GeV
> Excess of events at 126.5 GeV
Local significance of 4.56 (expected 2.40)
Consistent results in 2011 and 2012 data

my [GeV]
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H—yy results

% T T T T T o 10
(0] 35001 ATLAS ¢ Data _Q'
S 3000E- —— Sig+Bkg Fit (m =126.5 C'ieV) § 1
5 5_ -------- Bkg (4th order polynomial) | E =
3 2500¢ 10
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N 60— TR —_
sob = Expected: 110-139.5 GeV
20— ] Observed: 112—122.5 GeV,132—143 GeV
) .
g o | % > Excess of events at 126.5 GeV
0 E =
5 g Local significance of 4.56 (expected 2.40)
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m,, [GeV]

P. Conde Muifio

Higgs Searches at ATLAS 53



Y identification & energy measurement

> I 1 -_— %] 1c T T T T T T T LI ——— T T T T T T
Stabl'e phOton |D peformance Wlth pll'e up % 09;—.— Unr‘:anvertedpkotons | ATLAS Preli}ninary =
. . . g E o~ Converted photons Data 2012, ys=8TeV 3
> Calorimeter E response studied with Z, J/y  § 085 —smereonenens [ramssw 3
e 07% E
and W decays 2 oe- E
o ‘g— 0.5 ; -‘o-"c‘--0---0--0-"O‘--o-..g.-‘o‘--o‘--o---cu-o:;c:‘;‘c“-o--‘o-z(-;;rg é
Energy scale at m, known to ~ 0.5% 5 04t 3
g o3t . 3
5 o L - - it e b =i b = A e A -
Linearity better than 1% 02F FHEHEF — S
0.1 =
> 1 - E N T
Excellent mass resolution (1.6-3.1 GeV) N N 2
i i ; A interacti bunch i
Use calorimeter segmentation to associate YErage IGTAgTons perBHneh erossing
photon to primary vertex (6~ 15 mm)
> 120)(‘1(‘)3‘ L L L L T T T T T T ]
> L LA B I T lvv|vvn]|ll|VI.l]lv.l|V_ 8 L ATLASPreIImlnary —
& g1af o ey ATLAS Simulation 4 -~ 100 Data 2011, \5=7 TeV, J-Ldt=4.6 T —
3 [~ Likelihood gg9—->H-yy 7 8 - ]
=~ 0 1;+ Calo pointing my = 125 GeV - 5 80;6‘13"3_1-60i0'01 GeV _
E; . - is = 8 TeV 1 Lﬁ - Gy =145+ 0.01 GeV h‘||<1.37 ]
e - b L |
% 0.08:_ _: 60? —IE)iEtatl'aesult |
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H—yy analysis categories

10 analysis categories based pz%w
L T thrust axis
. thrust axis

Converted/unconverted photons 5
> Photon location in the detector
> Di-photon transverse momentum with respect to thrust

> New two jet category: An”>2.8, mjj>4OO GeV, di-jet and di-y back to back

Sensitive to vector boson fusion production

©
\l

= T = ] ]
E E Yy+vj Background E § - - 5;)11 Data ]
e 3 777 Bkgd. Uncertaint ] e 0-6% o v-jet =
o 1o ;"'. //4 ¢ Y .| ge] C yy+yj Uncertainty 7
I mo!‘-._.:.....,“ —}— 99F m, =125 GeV E & osF ST Uncertainty 2
= E - . T C —garm = e -]
g b b, "eee,, —f— VBF+VHsttH m,=125 GeV g s VBF 125 Gev
] 107k ov, — 5 0.4 3
£ E i e, E £ u 3
> ~ ., ‘.o ] (%] r 7
2 43k 07 ey Tereg - g o3 ATLAS -
O] E I O A X *ebe 4 = L # -7 TeV -
To) E \s=7TeV ;///%ﬁ ey e +++++i 5 02oF \s=7Te E
~ [ . . 7 / , * 1] LT ) .
8 el ATLAS Simulation 7777 ,/++++++++++ 4 S J' Ldt-4sf ]
s E 7 /// z . 01 .
5 F ’ ///// Y ﬁt i - E
10° ! I ! ?‘%./A| ol m—*%_;_‘ R L]
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p., [GeV] Jet Multiplicity
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H—vyy background modelling

Background composition:

L L B L B I
ATLAS

> [

o . . 9 1200 - Data 2012 : Ziy;:lvanata
> Dominated by continuum 7y production, g moo*** o Vomeent i
Lﬁ —}— Stat. uncertai.nly .
followed by y+jet, jet+jet 800, +++++++++++ ostuneenany
: o : g W by ]
Background estimated by fitting the di-photon oo + H++++*++++++ E
. . . r + 3
mass distribution 'y by 4
200F Fit g wrtth b o
. - . . . B +* ﬁ‘} ¢+ ¢¢+* ¥ ]
> Studied for each category with high-statistics ettt e

[apaagarhpisahiafan, oarhygoy AoafAaby o
‘POO 110 120 130 140 150 160

MC before looking at data m,, [GeV]

> Considered: n-order Bernstein polynomial, Examnle ofa fit i in 2011 data
EXP(PZ), exponential E TZZ: Unconvertedcentral Iowp _E

> Choice based on largest expected sensitivity ¢ By St son 1, 25 6o 1)
for 125 GeV signal e ;i;’fv’f“““"“b E
Largest residual bias seen in MC experiments ~ f E
over 110-150 GeV taken as signal yield “F 43

: = +

systematic I e A e

A TS TP

et T g

= o
o
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Signal region distributions
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Signal region distributions (1-jet channel)
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Combination of 2011+2012 results

Higgs decay = Sub-channel Mass range L(fh™)
channel (GeV)

110-150 4.8+5.9

H—o1tt [14v 110-150 4.7
4.7
|’Cha d3v e

ThadThadzv

References: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
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Combination of 2011+2012 results

o T T T T T T T T T T T T T T
o ATLAS 2011-2012
© 1
8 10"
e
10
103 B st g
10%g 1| ‘s=/lev.jlat=4b-48l o
-5
105 \s=8TeV: |Ldt=5.8-5.9fb"
10
= 3 ettt ettty
10_8 % ---- Sig. Expected .4 50
10_9 \ — Observed ’
1910 - 60
10 il L 1 P
110 150 200 300 400 500

> SM excluded at 95% CL from 111-122, 131-559 GeV

> Excess of events observed at ~126 GeV

Local/global significance of 5.96/5.1c
P, = 1.7x107

> Best fit mass: 126.0 + 0.4 (stat) = 0.4 (sys) GeV (only ZZ and vy channels used)
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Higgs searches beyond the SM

P. Conde Muifio

Higgs Searches at ATLAS
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Search performed in

> 17T channel:

Similar to SM search but with b-tagged/vetoed
selection

7 final states: L4V, l’c 3V T T dZV

> uu
clean, good mass resolution
> Two analysis (b-tagging/vetoed selections)

> 2011 complete data sample

P. Conde Muino Higgs Searches at ATLAS

Events / GeV

10"

107k

3 neutral Higgs bosons: h, H, A
Production via gluon fusion and b-quark annihilation
Cross section rises with tanf

Decay to bb (10%), tt (10%) and pu (0.04%)

L L I L L L L B L
F b-associated production ATLAS Simulation
Preliminary
e m,=150 GeV, tan =40
—— Signal model for A — pp
—— Signal model for h — pu
Signal model for H— pp-

[Lat=agm’

b

10'37\ P | ) !
100 150 200 250 _ 300
m,, [GeV]
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MSSM neutral Higgs boson searches

:_% E‘ ATLAS Prlelimin‘ary |

No excess of events observed = 5oL MssM comtinaton [
J Ldt=47-481" E

> Combined exclusion at 95% CL in m -tanf} 401 =77 E
> There is still room for MSSM Higgses in large 30 ]
region 20 ]
—e— QObserved CLs |

- Lo ---- ExpectedCLs +

> Calculated also more model independent 10 i ]
production cross section limit vs m, o — T —
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