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"‘ The Status of the Standard Model
universitatbonn

¢ all fundamental SM particles @ e?densive exper_imental_tests
now confirmed by experiment yield very consistent picture
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The Need for “New Physics” (Beyond the SM) @

universitatbonn

. . Atoms Dark
¢ unexplained observations: 6% Eergy
Dark
¢ dark energy, dark matter Matter

¢ no antimatter

¢ omissions: -
¢ gravity not included in SM e |
10° - ”
¢ arbitrary(?) free parameters:
- ] ] " Charm.cpiark Tz
¢ three particle generations - P
¢ many different masses *
¢ unification of forces? e
¢ fine tuning (“hierarchy problem”): | "o~~~ uss
. 0 Muon- o
¢ Higgs mass much smaller ot G ot | 27
than assoc. corrections e B
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" Example(!): Supersymmetry @
universitatbonn

Class of SM extensions to potentially

¢ solve the hierarchy problem

¢ provide dark matter candidate - if lightest SUSY particle
(LSP) is stable (<~ “R parity” conserved)

¢ unify forces at high scales
¢ minimal supersymmetric SM (MSSM):

@ © O 6 a) (e (B) @
Up Charm Tau Photon Photino
@9 @ O )G ) @

Down Strange Bottom Gluon e Clitrno (F-—_'\)
e 0 0 e Higgs "’ﬁ"\" “"" QZ) Higgsino

Electron Muon Tau Zino
neutrino neutrino neutrino boson

® ® O W ©®® W
Electron Muon Tau W boson Wino
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"1 Searching for New Particles @
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SUPERSTRING \ g rand suts)
Unification

¢ in decays #» X M-theory heterctic YET
T G‘tﬁ,"“l“'n’e f"& Matter
o ype- ”s A e THougA]
* X
¢ in loops

¢ need unprecedented
precision/sample sizes
and/or collision energies

signature(s)
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"' LHC / ATLAS Runf §
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Recorded: 5.08 fb”'
Physics: 4.57 fb'

e e 30T T T T 11
' ! - 2011 (7 TeV) || 2012 (8 TeV)
= - ATLAS
> 25 Preliminary 2012, \s =8 TeV
= - _ )
o - . LHC Delivered Delivered: 22.8 fb
= 20 . Recorded: 21.3 b
g = |:|ATLAS Recorded Physics: 20.3 fb™'
- C .
______ = -~ [l Good for Physics
------- % 18

o B 2011, Ns =7 TeV
b B
€ 10— Delivered: 5.46 "
© C
o

o

0
Muon Detectors Tile Calorimeter Liquid Argon Calorimeter sa“ P\p( s\u\ OG\' sa“ P\p‘ )\)\ OG\

» excellent accelerator and detector
performance

» many other crucial prerequisites:
trigger, reconstruction, calibration,
simulation, computing, theory, ...

(none of them covered in this talk)

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Y Particle Signatures in ATLAS

ercitathonn

Run Number: 160958, Event Number: 9038972

Date: 2010-08-08 12:01:12 CEST
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Tracking Electromagnetic Hadronic Muon
detector calorimeter calorimeter chambers

=

charged hadrons —Q

neutral hadrons <<
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"1 Selected(!) Measurements & Searches involving: @
universitatbonn

Standard Model Total Production Cross Section Measurements| ATLAS Hea vy lon
T 10" o and B physics
2 F ATLAS Preliminary i
5 results discussed
10 : :
epp vie7Tey | 111 dedicated talks
10° T B Theory "I THEOTY .
T - Data - Data :
10* -
QCD | ! |W&Z Bosons Top Quark | Higgs Boson
10
A 4710148 1! 20.3 fb! n__@.%i? ‘
10 481" 2011 O Ly
1
and/including “New Physics” |
101

PP W A tt  ti-chanWwswzZ WW Hger Wt WZ ZZ Hver ttW ttZ

total total total total total total total total total total total total total total
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QCD Processe o Eve ore ¥

C d LDOI L] |
Proton Structure | . Underlying Event

Proton = P
— —— =
o ey = e

CATLAS

CATLAS  BEXPERIMENT ; %

-};,1 EXPERIMENT Run Number: 152441, Event Number: 4918171
Run Number: 201289, Event Number: 24151616

Date: 2010-04-06 10:26:47 CEST

58 CEST
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"‘ Total pp Cross Section
universitatbonn
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¢ measure small-angle elastic pp scattering by correlating
signals in ALFA detectors =240m away from the interaction point

¢ 4h low-luminosity run with special beam optics/clean conditions
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©

inelastic cross section
(from subtraction)

measure elastic cross
section as a function

¢ total cross section (optical @
theorem) ,  16w(fic)? dog

of momentum transfer

tot —

1+ p?

dt

t—0

Oinel = 71.34 £ 0.36 (stat.) £ 0.83 (syst.) mb.
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: . arXiv:1411.1855, subm. to EPJC
7TeV‘ A ' 1 Jet Cross Sections arXiv:1410.8857, acc. by JHEP @
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¢ good agreement with NLO
pQCD predictions for most
proton PDF sets over 8

S SR S orders of magnitude

Jiirgen Kroseberg  Review of ATLAS Results 53m

«

wli b b b Iy

LALN ALY LAAS RAAY RARN |




"1 Summary QCD @
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¢ experimental handle on large range of
QCD processes

¢ provide input to model pp collisions and
access to properties of strong IA

¢ NLO pQCD able to describe huge range
in jet kinematics

¢ in particular no signs of BSM physics
(e.g. via high-mass di-jet resonances) yet
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W and Z Bosons
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"‘ W and Z Bosons: Cornerstones of the SM @
universitatbonn

¢ mediators of the weak interaction

¢ decay into fermion pairs; esp. leptonic
modes provide distinct exp. signature

¢ relevant to signal and background
processes in SM and BSM analyses

¢ sensitive to proton structure

Leptons )

p,(u-) = 40 GeV
n(p-) = 2.0

— SATLAS
N\ | GATLAS IS G e b B EXPERIMENT

S EXPERIMENT

" Wa-pv candidate
in 7 TeV collisions
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Differential Distributions
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~ u ~ n
Z pr ¢ Jets In W events ¢ W/Z ratio
JHEPO09 (2014) 145 arXiv:1409.8639, acc. by EPJC Eur. Phys. J. C74 (2014) 3168
1 L T T T — T T B LT T T T T T T T
o 10" ATLAS ® Data, \s=7TeV,46fb
ATLAS \s=7TeV;JLdt=4.7fb" g ek Pred sys CJ Wos v (ALPGEN) SR DY e o s mon e e ben o v oy
E!- N Pred sys@stat = :)thor _Q.’- 1 I I I I J —
T ———— e, 10 T2 ° ATLAS (W= W(Z(= 1) +21jet
% e, Jo'E 3 Mutiets % 181 anti-k jets, R=0.4,  “42 Data, \s=7 TeV, 4.6 fo ™
0 . W-s pv (SHERPA) R ]
"o, 10f 81 6E P >30GeV, ly| <4.4 —v— BLACKHAT+SHERPA 3
02 *s 10° S —=— ALPGEN+HERWIG
. - —a+— SHERPA 7
i 10* 814 2
T
04 . 10° n B
102 8; 1 2 1
. S 3 2
+ Data - mE == 1P 74
o 15F T T T T T T T T = 0:’\' - Z
® NLO + NNLL p 8 15‘ —— = 08 7
4 S . E oG 0.6 3
02 05E 1 1 1 1 1 1 1 1 L - s -
1 10 1 , o 1 2 3 4 5 & 7 8 [ ]
pT [GeV] N 0'4:. 1 1 L gl | | =
A T £ 13 —— BLACKHATsSHERPA 7
F 4 E E 107 - ATLAS ® Data, \s=7TeV,46M" __ o 11',215 —Y 2 7
- ATLAS \s=7TeV; I Ldt=4.7fo IData uncertainty 1 | 3 Pred sys "] W ev (ALPGEN) s ~ iGelewn WP 5 + 12 Z
3 % 2 10° [ o pred sysestast  EEEI k- O o9 Vil V da -
Xin 112 - Other ; Z os —7— i
C ® NLO + NNLL il w CJZee = Z 0 -
- 1] 3 Mt E g 13 —
= Ll 3 W-> ev (SHERPA) 3 ® 1> =
o 0 10 o O 11 Z
- _.5 : 102 = = =
L ! Ll < E 74
- iy 4| = 15 /.
- 3 - t —
- N - 10" . = 15F - SHERPA ol % 7
1 limiﬂm 2 - J ~
N L & 103 e 1': W“"A"‘Q‘A ~—A~"1" 14 __1{__+ "‘L" ‘ 7
)9:_ NS X \ _: = 110'5L..#....f:.::{:,.:{‘.”{.,.., ,,,,,,,, b g gg ; 4 V) .{ f
5 11z ,__._.-a.aaa-%'_:az_'_ 100 200 300 400 500 600 70«
. 118 ¢ . - -
)‘81 1 PR S W R 1 '|1|0 1 (Y N TN R 111(1)2 1 AT G B R a % b I I L I x l I I E p]T (leadlng Jet) [GeV]
2 100 200 300 400 500 600 700 800 900 1000
pZ [GeV] P, (leading jet) [GeV]

Jirgen Kroseberg Review of ATLAS Results




universitatbonn

Status: July 2014

Vector Boson + X Cross Section Measurements
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"1 Diboson Production @
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Standard Model Total Production Cross Section Measurements  suts: sy 2014

e WW, WZ, ZZ production is rare g} Arias Piminary s 57,07

¢ add important options to testthe | .| . ey Bl
= B oaa B Daa
electroweak sector of the SM
¢ background processes in Higgs| | = [
boson studies and BSM searches| | B . 3

|
‘w

™

S

¢ potential BSM signals

10 F

¢ triple gauge boson couplings (TGC)
particularly interesting for BSM
searches — “anomalous” TGC?

. R e Z —_— !
anSM AVZ)\Z:O /{"y_K/Z_gl_l q
¢ current analyses use: A =X, =) Ax, = Ag’ — Ax_tang),

(i.e. 3 parameters) iy Ak —x — 1, = 17: g’ —1
53rd Bormio Winter Meeting Jan 30, 205
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" ' Wiwtij Production Phys. Rev. Lett. 113 (2014) 141803 @
unlver5|tatbonn

wt

B » select events with same-
w charge WW pair + two jets

q

©
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/ l«— strong weak WWjj production
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(1ev) FY TGC from WW and WZ Events HEPO1 (2015) 040 X
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WP Heavy Diboson Resonances? wxwiumseio.wc.iyeric ¥
univercitithann

- . -
E 10°F ATLAS| T e Dak E 10°k arLas’ —~ g;la ?3 EATLAS | o Data
F - 0 Z+jets a =8TeV 0 Z+jets = - [ Z4jet:
= 10*F }sl_dfj:gsm‘ - ZZWWW - 10k ff_de 4 - < is 8oy -— 7770
2 . F =20 , [ ti+Single Top £ F JLdt=20. X ) ti+Single Top £ 1 JLdt=203fb [ ti+Single Top
@ 10°E Low-p_ Res. Region ## Sys+Stat Uncertaind 5 | High-p, Res. Region g% Sys+Stat Uncertainty H F  Merged Region ## Sys+Stat Uncertainty
D 4n2C. Z—ee uuChannel mm G*, m=500 GeV @ 10F Z-eeppChannel  mmm G, m=800 GeV > E Z - ee, uu Channel G, m=1400 GeV
10°E Oeminas X 100 E Oponina X 10.0 Wiot Onorminas % 100
1 E ?
10"} 102
102 E
F 10°E
109k E
10%} 104
@ 14EF E
m 12 g 3k
NI ie
© 0.8 =1 E
_ Soek 1 g 1f
500 1000 1500 2000 2500 0 00 1000 1500 2000 2500 00 1000 1500 2000 2500

m, [GeV]

]

¢ select events with a lepton pair and two jets

m;; [GeV] my, [GeV]

¢ three different selections (optimised for different resonance pr)
¢ two different signal hypotheses (“ Bulk RS graviton G*”, “ EGM W’ ”)
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"1 W & Z Boson Summary @
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¢ rich set of precise measurements of
single-boson (+jets) cross sections

¢ used to test and tune modelling of
electroweak and strong processes

¢ input to proton structure analyses
¢ also measured rare di-boson production
¢ adds further tests of electroweak SM

¢ contrain anomalous TGC
¢ limits on BSM particle production
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Top Quark
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"‘ The Top Quark is Special
universitatbonn

-
¢ large mass: A< In Gavic:
heaviest fundamental SM particle 1GeVict= 1.8 - 10" kg
and by far the heaviest quark —
¢ short lifetime: oo ) 15
only quark to decay before 001 @ i
hadronisation (no bound states) down  strange
¢ large coupling to Higgs (yi=1)
I*, q \
t v
¢ accident of nature or more T allets” 4ax
fundamental reasons?
w ‘Zz,0¢
¢ rich experimental signature ‘i\)‘ig&ji’% its 15%
"dilepi:ns" T lepton+jets”
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" Top Quark Production @
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¢ mainly top pair production via strong interaction

groooy—>—+1 1t | I
‘ K
g m—<—@ g

¢ also single top production via weak interaction

b

|
!
|
S

q(q) q¢(7)

P I P q
|
W+
v —>—
|
b > ' >—@ 7 ;
‘ t channel I schannel
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"1 Top Quark Pair Decays @
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¢ weak decay into a W and down-type (almost always b) quark

+
[, q "alljets"” 46%
w?t L :
t NV, q' «
(\J
~— ttjets 15%
b

¢ signature of top pair decay:
2 b quark jets, charged leptons,

neutrinos, light quark jets TV ks 15%
"dileptons” "lepton+jets”

Ltjets 15%

+ q
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Top Pair Candidate Event

universitatbonn

Sl 9038972
CEST
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"‘ Top Quark Measurements §
universitatbonn

production |
cross section
kinematics properties
new resonances? mass
charge
lifetime, width
polarisation
t decay
9 branching ratios
W helicity
new decays?
g f correlations
spin correlations
charge asymmetry
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"‘ Top Pair Production Cross Section @
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= 10°
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CMS l+jets 7 TeV (L=2.3 f')
ATLAS dilepton 8 TeV (L=20.3 fb'")

CMS dilepton 8 TeV (L=5.3 fb')
LHC combined ep* 8 TeV (L=5.3-20.3 fb’)

T T

emOe mX._

—h
o
N
A

Inclusive tt cross section [p

— O ATLAS l+jets* 8 TeV (L=5.8 fb’) —
— O CMS l+jets* 8 TeV (L=2.8 fb") i
I — * Preliminary 250 [
200} .
10 ! -
&—— NNLO+NNLL (pp) 150F L
——— NNLO+NNLL (pp) 7 8 7

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
m,,, = 172.5 GeV, PDF® o uncertainties according to PDF4LHC

1 1 1 | 1 1 Ito? I I I | L1 1 1 I I | | I I | | I |

2 3 4 5] 6 / 8 9
\s [TeV]
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Y Single Top Production Cross Section

universitathonn
LHC (7 TeV) q q
- S ——
B t—channel w -—|§ | ATLAS det=4.gs fbo! 1s=7 TeV .
— | 2-jet-I* HPR ® Data l
B s—channel b t 5 — b
z [ V, s W1, -
g ~ %t 40 Z :ﬁ/’v +:3 :
B W b g - B " +bb,cTight jets|
L1 Z+)els, diboson
t-channel 8 ] Mulltijel 1

2/ Uncertainty band

20

E 1 I I I 1 1 I 1 1 I I I 1 1 1 I
o — vl B ATLAS t-channel - sl
'E' 100 ATLAS + CMS Prellmmary TOPLHCW PRD30(2014) 112006, ATLAS-CONF-2014-007 3 0 g 7
s . B CMS t-channel = o K ;
O Single top-quark production Jan 2015 JHEP12(2012) 035, JHEP06(2014) 090 &1g " gE..a.’.,.......q..,...,,........n..‘,,..!....t ,
o - — Sla. - -
[&] ® ATLAS Wt production o 2
g - PLB716(201§)T 142, ATLAS-CONF-2013-100 - o 100 150 200 b 553
@® CMS Wt production m(iv e
n — PRL110(2(‘))13)022003. PRL112(2014) 231 > (D) ]
17,3 * LW
o) 80— ATOAS-CONF-2014-052, CMS-PAS-TOP-14-000 —
© Lchanmret V  ATLAS s-channel, 95%C.L. - e SOOI
[} ATLAS-CONF-2011-118, arXiv:1410.0647 o 4001 .
> V CMS s-channel, 95%C.L. = > ATLAS —=bala=hangualing
P CMS-PAS-TOP-13-009 @ i
@ " € 300} 15=8TeV,2031b" = 3'9":: it ]
[t— — imi
(&) 60 === NNLO arXiv:1404.7116 — o o
= m,.= 173.2GeV, MSTW2008nnlo 200k
ﬁ [= scale uncertainty =
—— Lo — L
o === NLO+NNLL PRD83(2011)091503, 100
— L PRD82 (2010)054018, PRD 81(2010) 054028 - |
m, = 172.5GeV, MSTW2008nnlo 0 LY L LTS
40 P Wit production: tt contribution removed —
scale ® PDF @ «, uncertainty,
B a 100} :
P | | P | | Pl BT | | P
~ " B B a 41 -08 06 -04-02 0 02 04 06 08 1
hop™ . o= le= My,
— CT10nlo, MSTW2008nlo, NNPDF2 3nlo (PDFALHC)— BDT response
""" o it Wt production: p veto for tf removal= 60 GeV
20 — and 1t =65.Ga\l
— = . [ 0,0 W . W, .40 Wt DlOd vw < —]
! - v scale ® PDF @ «, uncertainty - q t
1 w+
[~ s-channel All exp. results are w.rt. m = 172.5GeV I 5
O 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 3t |
7 8 — q' b
s [TeV] s-channel
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WY Top Quark Mass $
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.
§1eoo ATLAS  Simulation Prefiminary =2::3§gg:z“ & recent examples
g B m,-180.0 GeV ]

¢ d_ ¢ “template fit” to lepton-b
= l-i mass in single-top events

g ¢ exploit dependence of
m(l b) [GeV] . .
production cross section
} m(lb) on top mass

W

200!

¢
b

.y
(4]
o
o

T ' T T T l T T l T T T l T T T I T T |
T l V. 8208 I 1T I | SN R ; l L I 1T l LI T | T
® \|s=_8TeVdata 3 3 ) ] 350 —— MSTW NNLO ]
Best fit: m, = 172.2 + 0.7 (stat.) GeV ° , e ATLAS T e Y

1 ~——— CT10 NNLO
Single-top t-channel signal | SRS LR AR
| tt signad f = e
- Background P70 17133 17267 174

...... CT10 NNLO uncertainty
* m,, [GeV]
ATLAS Preliminary 4,

L L

2In(L)

T T T T

l 1 1 1 1

e NNPDF2.3 NNLO
=~ . NNPDF2.3 NNLO uncertainty

-1
O \s=7Tev, 461 Xvsm
. ° \s=srev,2o.3fb'} ¢

N

300

Events /2.5 GeV

llllI-l// /I

Cross-section [pb]

1 1

250

III|IlII|lII

J Ldt=20.3 b

500 200

1 1 1 1 l 1

150

llllllllli

T ATy RN | W ) l I S | ey
60 80 100 120

Illllllllllllllllllllll-ﬁ
170 172 174 176 178 180 182

pole

m  [GeV]
ATLAS-CONF-2014-055 | 7+8TeV Eur. Phys. J. C74 (2014) 3109
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"1 Top Quark Mass @
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ATLAS Preliminary m,,, summary - Sep. 2014, L _=4.6fb"-20.3 fo'
m, =+ (tot) (stat.+ JSF + bJSF + syst.)
s - 2
— l+jets* 20“2'270':’?;“6 — ] 172.31+ 1.55 (0.23+0.27+0.67+1.35)
m = 1
- 1
from d | re Ct — dilepton* fo“__‘:%{*’" b i : < 4 173.09 £ 1.63 (064 +1.50)
: N i y
reconStrUCtlon all jets w1400 [ =l 1751 £+ 1.8 (14 +12)
L S 1
1
single top* f:’:;fg’,:f’ss ’ o ey : 4 1722 + 21 (o7 +20 )
i
I
1
from Cross o(tf) dilepton :r::::s(-):;:::‘ b f E 1729 + §j§
1
- - o ) n -
section o(tf 1-jet) CoNF-2014053 ; 3 1737 + 23
i
1
1
. . ith f LHC Comb. Sep. 2013 (conr-2013-102) ; N
Comblnatlon W|t 173.29+ 0.95 by Az 00 === Weind Comtt T
! - Stat. uncertainty
C M S and TevatrOn \ Wo7r;c; gf@g.;,gﬂar. 21 iaianias] L e stat. @ JSF @ bJSF uncertainty p
— ] rotatoneetainty
Tevl‘;{”%’l (/f(’)’gf Jul. 2014 (arviv:1407.2682 E ——t *Preliminary, —Input to comb.
1
I I : | I
165 170 175 180 185
My [GEV]

World Combination (ATLAS+CMS+Tevatron):
173.310.8 GeV (0.5%)
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Top Pair Charge Asymmetry

da/dy

JHEP 02 (2014) 107 @

LHC r

\

V4

rapidity y

¢ Comparison with

New Physms I\/Iodels

Data ATLAS E
 — —

SM Vs=7 TeV 1 ]
J Ldt=471b .

Axigluon m=300 GeV .

Axigluon m=7000 GeV

:  em——

|

SM: Bernreuther & Si

-

N(Aly| > 0) — N(Aly| < o)
¢ Definition: Ac=
N(Aly| > 0) + N(Alyl < 0)
Alyl = |yt| — lysl
n - o

¢ SM expectation: 1.2%
e M ts:
¢ NMieasurements.
ATLAS"'CMS,\/E =7 TeV preliminary TOPLHCKG'::T:Z:::;M4
tt asymmetry - _(s‘;;"a' ""”(:::;y é’ 0'25:
ATLAS l+jets I-e | 1 0.006 + 0.010 = 0.005 C +
[JHEP 1402 (2014) 107] | 0.2
CMS I+jets F e H 0.004 = 0.010 = 0.011 C
[PLB 717 (2012) 129] | e—
ATLAS+CMS I+jets k-4 0.005 + 0.007 = 0.006 0.15—
Preliminary —
ATLAS dilepton H ® 4 0.021+0.025 + 0.017 o
[ATLAS Preliminary] 1 —_
CMS dilepton o -0.010 = 0.017 = 0.008 0.1
[JHEP 1404 (2014) 191] C
Theory (NLO+EW) 0.0123 = 0.0005 0.05F
[PRD 86, 034026 (2012) - f—
lepton asymmetry =
ATLAS dilepton e—4  0.024 +0.015 = 0.009 o
[ATLAS Preliminary] —
CMS dilepton ¥ 1 0.009 + 0.010 = 0.006 C
[JHEP 1404 (2014) 191] '0-05 _
Theory (NLO+EW) 0.0070 = 0.0003 C
[PRD 86, 034026 (2012) :

| | | _0_ [ ]

-0.1 0 0.1 b o0
AC
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"1 Top Quark Summary @
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\

¢ broad and diverse experimental program
of precision measurement and searches

¢ precise information on the mass based on
several complementary approaches;
“world combination” with 0.5% uncertainty

¢ single top production has become
important tool

¢ various ways to constrain BSM physics
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"1 The Higgs Boson: New & Fundamentally Different@
universitatbonn

¢ only fundamental spin-0 particle Summer 2012 |

Phys. Lett. B712 (2012) 1

¢ external potential

¢ “background field” (non-zero
vacuum expectation value)

¢ mass-dependent coupling to
other particles

¢ “saves” the electroweak SM

Events /1.5 GeV

-

The Nobel Prize 2013 in Physics y 3, )

S

.
Si(S+B) Weighted

110 120 130 140 150

m, (GeV)

ATLAS 2011-12 5=7-8 TeW

300 400 500
m, [GeV]
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"‘ Higgs Boson Production at the LHC @
universitatbonn .

1 02 I [ | ! I I I E I I I ! ! ! I [ I I I ! ! i_:

\s= 8 TeV
Gluon-Gluon Fusion

LHC HIGGS XS WG 2012

I Illlllll

-
R - A A NN N A NN SN SR A N BN

120 140 160 180 200
’ M, [GeV]

Associated
Produktion

ttH
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"1 Higgs Boson Decays @
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for Mu=125 GeV:

]
I I I I I I | : I I I I I I I I
]

= 1E = v
A ~ WW % |[eH-obb  58%
+ L bb : —o
g I - £ e Howw* 22%
- T
2101 Z2Z 3 |e HoTT 6.3%
S ) g z
5 Ry, | leHoZzZr  2.6%
+ | cc 1|
o ¢ H—vy 0.23%
M102 = = o
S 1 |*H=Zy 0.15%
o [ i -
T | y |¢ 0.002%
10-3 - charm/anti—charml' zz W Z*Z others
- E tau/z;r:/ti-tau_iiﬁ ",3%%29?,{_'.0.}—{0--0'5%
/ :
1 0-4 | | | | | | | | E | | | | | | | | | | | | |
80 100 120 140 160 180 200
M, [GeV]
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Higgs Boson Signals: Decays to Bosons @
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* RELESE AR *
5 e Hoyy H—ZZ*—4l| | H—>WW
(\5 180:— J'Ld[=4.51b‘,\s=7TeV AT _ > SULILELE BN LR B 8 800?
£ 160 fs - =?:~3;°"-‘5=3T9V 4 Data 4 & 35F ATLAS ¢ oaa = = \s=7TeV, 4.5fb"
S weighted sum R m B . gt ARG o - (a) n,;<1, ep+ee/up |
H 1401 Signal strength categories Sl background_: o r HoZZ" - 41 |:I Signal (m, = 125 GeV u = 1.51) | % 600 =, Ot;istitl 1
PN - '---Béckground ] S 30 £ iy J.Ldt=4.5lb" - Background ZZ* — o - Bkg+syst |
120:— ===l _: & u —_— det - - Background Z+jets, tf ] 400 =Higgs ]
B, = . V ] - \s=8Te = 20. -t I 5
1o0f- m,, =125.4 Ge 3 g 25 - % Systematic uncertainty =] L ) l\l,./ll:ls,ll,d ]
C 7 > - . 200 — B vv
80— - W C ] L Top
s a 20 -] C B DY
60— — C - 0 — -
40:_ = 15 E_ _: > (b) Background-subtracted
2 = L 4 & 150 ¢ Obs-Bkg —
o - ] [O) L i
20— baird r 7 P i — Bkgtsyst
C ] o - T r M Higgs
o OF——} - 10 - H4 £ 100
2 10E - . 2
) E - o i
& 5%, SE “ 50 |
£ of r
g -5;— 0 0l
WNOE : ; ; . 80 90 100110120 130 140 150 160 17 i -
110 120 130 140 150 160 C o l ;- e
m,, [GeV] my, [GeV] 50100 150 200 250
(GeV]
0 '®)
¢ 5.20 (5.70) ¢ 8.10 (6.20) ¢ 6.10 (5 80)
Phys. Rev. D 90 (2014) 112015 Phys. Rev. D 91 (2014) 012006 arXiv:1412.2641, subm. to PRD

H - WW? - evuv candidate and no jets
% EXPERIMENT

GATLAS PN

2 EXPERIMENT

Longitudinal view Transverse view
P

=5 CATLAS

L EXPERIMENT

hitp atlos.ch

3 | ‘ ‘““ 799 \‘v‘: % : s
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. - - ;P
7+8TeV "‘ Higgs Boson Signals: Decays to Fermions
universitatbonn

.E 104_‘ o O N [t O o O o Uy i B o i | H_’TT b?) 4_ VH_’bb
L . —e— Data ] v [ ATLAS s=7TeV, ILdt:4.7fb"
= - = —
@ C]Background (u=1.4) 2 3.5: Observed (CLs) s=8TeV, det=20.3 "
GC) ------ Background (u=0) £ Foooeemeee Expected (no Higgs)
3 = Al i 5
S L Lo = R | Expected (m = 125 GeV)
1 10 : B H125) 50 (u=1.9) E 5‘ E wmiiis H
L H(125)->tt (u=1) o -
B b 25
L o B
10%E E oF
R 1.5
10E H-1t = o
- ATLAS E
~ 1s=8TeV,203f" | g E
15 \s=7TeV, 451" E WL
e L L Bz L g 1 e R P L R E et
-4 -3 -2 -1 0 1 110 15 120 125 130 135 140
m,, [GeV]

log " O(S / B)

¢ 4.50 (3.40) ¢ 1.40 (2.60)
(Q»_: A T LA s Run Number: 204265, Event Number: 178165311 h,‘,:e/%,‘!,ﬁ’:A‘ETS;

-i EXPER'MENT Date: 2012-06-02 19:53:30 CEST

arXiv:1501.04943, subm. to JHEP JHEPO01 (2015) 069
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"‘ Higgs Boson Signal Strength: Decays @
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artificial data

Rt ATLAS Preliminary Total uncertainty
"q&; illustration my = 125.36 GeV +iconpu
> : arXiv:1408.7084
4 15% SM rate H-yy
=AAT 5
HoXX — ” K 0.27 |,
’ H— 2z -4l
w1440
Xiv:1412.2641 b I
= ! L1y . .
i 0 115 2 H-> WW* - Iviv
courtesy of P. . +0.23
Chang Xep N s Signal strength, u u=1.097>
e 1
JHEP11(2014)056
W,ZH - bb
w=0.5%4
GP XBrX Data ATLAS-CONF-2014-061 > — ‘ -
” P ,X ~ Ho1t
= 14593
or XBrx Theory e vy

0O 0.5 1 1.9 2
5 Signal strength (u)
Pe {ggFE VBE VH, ttH} \s=8TeV [Ldt=2031b released 09.12.2014

X< {yy, ZZ, WW, bb, Tt}
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" Higgs Boson Signal Strength: Production Modes ,
universitatbonn | |

10‘; B

¢ ggF dominates; other modes? [ Gluon-Gluon Fusion] g BTN ig
: . : = s £ 10 g
¢ e.g. VBF provides distinct signature: W> 3 t

q/
q . W two hard jets with large rapidity | Vestor Boson Fusion |
g { separation; Higgs decay ™
q . 7 products typically in between — : :

1035 ) 140 160 180 200
" 7 ] I M, [GeV
> 3.20 VBF H=->WW?* evidence from Kewoclstid >WM” '""*":‘ : (Ge]
. Produktion < W -
ver/Uggr analysis (>40 for all decays) - —
H - WW? - evuv candidate and two jets with VBF topology < 3 -
] (&)
Longitudinal view Projected n-¢ view = 130 &
e | a8
=
2
w
\
\ < 20
3 : H->WW*— Iv{1v :
360° 180° 0 ok \s=7TeV,45fb" 3
4 E -1
Run 214680, Ev. no. 271333760 \s=8 TeV, 20.3 fo + 1o
Nov. / 2012, 07:42:05 CET ]

5 _ e — S— :
CATLAS 0

'EXPERIMENT 0 1 2 3 4 o
http://atlas.ch uVBF/p’ggF

arXiv:1412.2641, subm. to PRD
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'1 nggs Coupling AnalySiS Concept ATLAS-CONF-2014-009@
universitatbonn

¢ Higgs boson couplings to other particles enter measured signal strength
via combination of production and decay

¢ coupling analysis currently requires assumptions / approximations:
¢ single, narrow, scalar JP=0* resonance at observed mass

cr,.-l“f
FH

(0°BR)(i—H— f)=

¢ parametrise possible deviations via multiplicative modifiers (“scale factors”):

Iy

5. 2 j
L T o A=
I
J

with effective scale factors for couplings via loops and total width

K

¢ e.g.
. i ! o-B(gg = H— vyy) K
g v osm(gg — H) - Bsm(H — yy) K,
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'1 HiggS Coupling Scale Factors ATLAS-CONF-2014-009@
universitatbonn

H ATLAS Preliminary Total uncertainty
Summary my = 125.5 GeV + 1o 20

Model: k,, k¢ : . ;‘ =
. Pg,=10% +0.08 : f &
Fermions vs. Vector Bosons e e e e L
. . r\‘\ /V )
Ry = RW = RZ 2 +0.17 \ Vi p
assume KF 0-99_015 el o e i PTG e .10
_ _ _ _ Model: A, Ky Nl A
KF = Kt = Kp = K+ = Kg 0. =10 s ; : \ '|§/ G
SM +0. g > \ /
§£u- 3: LI rrrrr+r| rrrrrr ¢ r 1t 1111 - >\'FV=O-86_012 A l i v l Ty g .10'
o 5:_ ATLAS Preliminary + SM E Model: A, Arys Ky ' ‘ I i
PF 1s=7TeV, [Ldt=46-481" x Best fit 3 P19 o 094014 5 . \Ue/ i
2:_ \1s=8 TeV, J.Ldt =20.3 fb-1 —68% CL _: wz=V- 029 [ l mpmsr— l e .‘ R s .G
= . -- 95% CL ] Model: 2, A, Ku N/ : 7
1.5F Combined H— vY,ZZ* WW* 11,bb ° 3 p. =20% Ay € N : \ e
S - SM : \ §
15 E [-1.24,-0.81]U[0.78,1.15] |-\ - .19
- 3 Model: 4, Ay, Koq . \ N/
0.5 = Pg,=15% Mg € \ UL
£ ] [-1.48,-0.99]U[0.99,1.50] |- - 19
(0] o E Model: k,, x, \ N / i
F = Peu=9% +0.15 \ / -9
'0-5-:-_ :\ Kg=1 -08_0'13 e ..l P ‘.... | e ..... 1.9]
1 £ : z T /2
_1 : 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 : =1 -1 9ig.1: sdenecss e i sesecsectessiecnsans. i. PR R e \ 16
'8.8 0.9 1 11 1.2 1.3 1.46 ] — '_1' — 0 — — 2
K
1017 v \s=7TeV [Ldt=4.6-48fb" Parameter value
ky = 1.15+0.08,xF =0.997 ¢ \s=8TeV [Ldt=20.3 fb" ‘

SM
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m'1 nggs Boson Mass Phye. Row. 090 (2014) 052004 %
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r A AR oA AR g S
o g 1s=7TeV [Ldt=451b" —— Hoyy b
H-oZZ*—4l - 1s=8TeV [Ldt=203 fb"  H 77 a4 -
A e e . g eme withoutsystematics R
I i iz - ' ' .
" — Al o
| - 3 =
of 3
15— —310
080 90 100 110 120 130 140 150 160 170 0: “ 7 I:
m,, [GeV] 123 1235 124 1245 125 1255 126 1265 127 127.5 5
m,, [GeV]
Channel Mass measurement [GeV]
at 2.00 level (4_80/0) H—ZZ*— 4¢ | 124.51 +0.52 (stat) + 0.06 (syst) = 124.51 +0.52
Combined 125.36 + 0.37 (stat) + 0.18 (syst) = 125.36 + 0.41

©

also: 95% C.L. observed (expected) upper limits on Higgs boson width:
YY: 5.0 (6.2) GeV ZZ*:2.6 (6.2) GeV
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"1 Higgs Boson Spin/Parity ey, Lot 8726 (2013) 120
universitatbonn

¢ analysis of spin/parity-sensitive quantities in ATLAS
ZZ*—}4I, Yv and WW*_’2|2V f|na| states SR e Data

¢ check compatibility of data with SM JP=0+ ter e T IATHTET | oL, expected
H— ZZ* — 4l assuming JP=0"*

¢ exclusion of alternative J” hypotheses e R

\s=8TeV [Ldt=207fb"

H — WW* — evuv/uvev

e.g.: H _>ZZ* _>4| | \s=8TeV [Ldt=20.7 fb"

Spsf *Dma | ATLAS -
.8 [l Background ZZ-' e ]
£ -, [ Background Z+jets, tt ] o8
e _ —Jf=0 \s=7 TeV det =46fb" — P - P + P - P +
o f=0 1s=8 TeV [Ldt=20.7 fb' J7=0 JT =1 Jr=1 J' = 2m
15
[ JP Channels CL[%]
10}
i 0 7z 97.8
5 |+ ZZWW 99.97
o ] I- ZZWW 99.7
-1 -0.5 0 0.5 1
SO e 2* YY.ZZWW/|  99.99
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b" Search for Rare nggs Production and Decays ¥
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e.g. ttH productlon e.g. H—pp decays |

ATLAS-CONF-2014-011 Phys. Lett. B738 (2014) 68

¢ only nggs couplings z ”5’33‘””
to fermlons enter % :: 8T§VILdl 248" :Siirlﬂzzoeov]gmeﬁ pt(“”)
¢ access tH- coupling || §0hamas goe s’
% 10° :: Zaxw“" 248" (S‘ino'eToo Emel
¢ complex final states S e
¢ large top BG

80 100 120 140 160 1

ATLAS Preliminary 15=8 TeV, J.L dt=20.3 fb"

T L[N P M e m “ p - mr
20 40 60 80 100 120 140 160
= e

j NO excess seen (as expected)
B8 Expected+ 1o | I+Jet

Dilepton

©

Lepton+jets

¢ obs. (exp.) limit: 7.0 (7. 2) x SM
...... Expected+ 26 =0 SOE'A'f,_,'qg" T  Waww ]
= = 1
Combination — Gheerved — CO m b . I -‘g 405_ - g:::cr::: gLL ::=; 1:: ;g::t;b"
------ Expected (p=1) = s Ef; :
O a0 3
8 10 12 2 ¢ ]
0 o 3
95% CL limit on o/cg,, at m=125 GeV @ 20 1
10F =
¢ observed (expected) limit: 4.1(2.6)xSM bl :

120 125 130 135 140 145 150

m,, [GeV]
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"‘ Higgs Bosons Beyond the SM @
unliversitétbonn

,ﬁﬁ\b ¢ e.g. minimal supersymmetric SM (MSSM):
need 5 Higgs Bosons to give mass to all
particles:
3 neutral (h/H/A) and 2 charged (H<)

I 0000———*
b
______ H*
t
£0'00'00) t
> CRERY RIS RS REASLE RESEY PARES ERLLS LARLY PYARS RELL LN L B O B — —r—T —r—T —r—T —
& - ATLAS,\s=8TeV, j.L dt=20.3fb" 3105 A']I'I_AsI : e Daagtly 5 %,105 A'l"LIA’S ! U ]
o 300-hHA-T, T —e— Data 2012 -1 S 40t 4 CTre < ) Truet 1
o - high mass category ?513:50' tanp=30 S 03 Ldt=19.5fb E:‘l:: j Q10* I Ldt= 195" Eldetos 1
2 &0 =§;es?r/lg:l8wp 7] ‘310 \s=8TeV - M= 190.GeV ; 210° \s=8TeV !if:soeewxm E
L% B [7] Wi+jets & diboson 5 9102 B(t — bH")x B(”:-’ ™) =9-9 % §102 tan(B) = 50 MSSM mh'“a" 1
2001 st Heag Low-mass H Sele‘:t'fi” 1 w High-mass H" selection
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"1 Higgs Bosons Beyond the SM @
universitatbonn
“N ¢ no signals found

9 Ve 9 ¢

o 2 — ¢ limits set for different SUSY scenarios
¢ particularly stringent for low-mass H+*

%80_:"‘%""\'"'1"“|"-'|'“‘l"w'”w"”_.‘ T T ]
S 70 - ATLAS Vs=8 TeV, j Ldt=19.5-20.3 b’ § [ ——- Median expected exclusion ]
- MSSM mi™ scenario, M, = 1 TeV, hH/A—» 1t - 50f [T observed exclusion 95% CL ATLAS .
SOy i P
ol e Epos CLumt 40:_ ==i=:== Observed 10 theory JLdt =19.5fb -
90  be9s%CLlimk - ATLAS L \s=8 TeV ]
40~ =Y ‘ 30F TLdt -195fb" 45} Data 2012 -

r C r MSSM m}™ scenario
30¢ 20}\1358 TeV 40:— — — . Median expected exclusion ——
20 k3 L D’ata2012 » [ observed exclusion 95% CL
1oL MSSM mj** scenario 3/ 0 e Observed +1 theory 3
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"1 Higgs Boson Summary @
universitatbonn

¢ since observation of first signals Higgs
physics program has expanded into a wide
range of measurements and searches

¢ all measurements of the 125 GeV Higgs
boson so far agree with SM expectation

¢ also provides BSM physics probe

¢ no additional Higgs bosons found yet

Jiirgen Kroseberg  Review of ATLAS Results @
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(A bit more on)
BSM Searches




'1 Search for Gluinos sepos o1 176
universitatbonn

¢ select events with large missing
transverse energy and high-pT
jets

» define 15 signal regions with

different jet multiplicity, MET
and jet pr requirements

¢ no excess over SM BG found;
set limits on gluino mass of
~1.4 TeV (for massless LSP)

5
% 10 T T T T T T T T T T T T T T é_
2 : Data 2012 3
L ATLAS jL dt=20.31fb", 1s=8TeV SeSM Total - - .
g 10° = mmDiboson = gg production; g—q q %,
_g MU“IJetS ; ; [ T T ] T T l T T T I T T T T T T T l T T T | T ]
2 - 8 1400 _ATLAS s Observed limit (+105U5V) =
10° E| oEz - 4 ==== Expected limit (+10,,,) 7
= 1200 _[ Lap=203%. 1B TV [ Observed limit (4.7 fb™, 7 TeVi
7] C Oleptons, 26jets  aeees imi z Y
10? - P J Expected limit (4.7 ib™, 7 TeV) 3
AN RN § 1 000 :_ _—:
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0.8F &%Q 'é"\ S 2]
82 \\ N \\\\\\\\Q\N \\\Q§\\ AN NN 200 — —v-
o'.g e H
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Many More SUSY Searches...

universitatbonn

* 5, —T —
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: ICHEP 2014 Vs=7,8TeV
iss N T
Model 61Ty Jets ED™ [Laim™) Mass limit Reference
T T T T — T T T — T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 4,8 1.7TeV m(g)=m(3) 1405.7875
MSUGRA/CMSSM Tep 3-6jets  Yes 203 |2 any m(g) ATLAS-CONF-2013-062
@ MSUGRA/ICMSSM 0 7-10jets Yes 203 |& any m(g) 1308.1841
L g,q-00) 1y 0 26jets  Yes 203 |4 m(¥9)=0 GeV, m(1* gen. §)=m(2" gen. q) 1405.7875
S 3z g—>qqx, 0 2-6jets  Yes 203 |& 1.33 TeV m(¥})=0 GeV 1405.7875
“%‘} —qgli Qqut/yl 12 e (3)-2 ]:e:S Yes 203 |2 mp?Z)<2ooeev, m(E*)=0.5(m(¥})+m(3)) ATLAS-CONF-2013-062
o . ~ = - I3 [ g Y
\ 2, 3—qq(Cl/ vyt e jets 203 | & m(¥})=0GeV ATLAS-CONF-2013-089
Inclusive Searches|| = & 2oy 2akh Yeo 47
@  GMSB (7 NLSP) 127+01( 0-2jets Yes 203 1.6TeV  tans>20 1407.0603
% GGM (bino NLSP) 2y % Yes 20.3 1.28 TeV m(t})>50 GeV ATLAS-CONF-2014-001
A= GGM (wino NLSP) leu+y % Yes 4.8 m(¥1)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥))>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
r d Gravitino LSP 0 mono-jet  Yes  10.5 m(G)>10™* eV ATLAS-CONF-2012-147
3 gen qr:)' - g—)bb)(] 0 3b Yes 201 |2 1.25 TeV m(¥))<400 GeV 1407.0600
> g gﬁlﬂ/ 0 7-10jets  Yes  20.3 Z 1.1TeV m(t}) <350 GeV 1308.1841
=~ L 0-1eu 3b Yes 201 |& 1.34 TeV m(E)<400 GeV 1407.0600
g me 2 - F—bIX| 0-1e.p 3b Yes 201 |Z 1.3 TeV m(¥1)<300 GeV 1407.0600
biby, by ab/\/l 0 2b Yes 201 |B 100-620 GeV m(¥})<90 GeV 1308.2631
w o biby, bi—-ity 2e,u(SS) 03b Yes 203 by 275-440 GeV m(t;)=2 m(¥}) 1404.2500
; <9 #(light), i —bX7 1-2e,p 126 Yes 47 | & 11 m(¥})=56 GeV 1208.4305, 1209.2102
2 rd g S #i(light), 7> Wbl 2epu 0-2jets  Yes 203 2 130-210 GeV m(¥}) =m(7, )-m(W)-50 GeV, m(f,)<<m(¥}) 1403.4853
gen, Squar s gg 7171 (medium), 7 —wv? 2en 2jets  Yes 203 |7 215-530 GeV mp?‘,’)=1 GeV 1403.4853
= 5 = g fifi(medium), 7 —>le 0 2b Yes  20.1 i 150-580 GeV mp?.)<2ooeev, m(¥F)-m(¥])=5 GeV 1308.2631
" - Q5 nifi(heavy), l|~>b\/ Tep 1b Yes 20 | & 210-640 GeV mw.) =0 GeV 1407.0583
direct production} s i S e |k oy
g ©T i, - (,\/ 0  mono-jet/c-tag Yes 20.3 & 90-240 GeV m(7)-m(¥})<85GeV 1407.0608
i (natural GMSB) 2e,p(2) 1b Yes 20.3 I 150-580 GeV m(t})>150 GeV 1403.5222
b, hol +Z 3e,u(2) 1b Yes 20.3 3 290-600 GeV m(¥})<200 GeV 1403.5222
1)
a, RZ,_,R, It 2ep 0 Yes 203 |7 90-325 GeV mp(,) =0 GeV 1403.5294
Xm ,)(, —Iv(ly) 2ep 0 Yes 203 | ¥} 140-465 GeV m(F1)=0 GeV, (7. 7)=0.5(m(FT)+m(¥})) 1403.5294
> 'g )(])( )(, —Hv(TV) 27 G Yes 203 | X} 100-350 GeV mm) 0GeV, m(#, v):o.s(mp?f)»,m()z?)) 1407.0350
= X —TLILLE), GILLY) 3epu 0 Yes 203 |i; K 700 GeV mEE)=m(¥2), m(){,) -0, m(7,)-0 5(m(FE Jem()) 1402.7029
] Xi)( WX ZE) 23e,u 0 Yes  20.3 i,*,ia 420 GeV mET)=m(¥3), mpv )=0, sleptons decoupled | 1403.5294, 1402.7029
I r eC H-wER Y, Tep 2h Yes 203 B0 285 GeV m(F; )=m(ES), m(F})<0. sleptons decoupled | ATLAS-CONF-2015.093
TS, o3 > el depu 0 Yes 203 |, 620 GeV m(¥3)=m(¥3), m(¥1)=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
@' Direct V17 prod., long-lived Xi Disapp.trk 1 jet Yes 203 |AF 270 GeV m(¥;)-m(¥})=160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2013-069
= 3_ % Stable, stopped g R hadron 0 1-5jets  Yes 27.9 = 832 GeV m(¥})=100 GeV, 10 us<7(3)<1000 s 1310.6584
Lon . Ilve d 5 Gwss, stable 7, Bz, vy 124 h _ 15.0 10<tanB<50 ATLAS-CONF-2013-058
g S g_ GMSB X| —yG, long-lived ¥ 2y - Yes 4.7 0.4<1(¥))<2 ns 1304.6310
. ' - 33, ¥\ —>qaqu (RPV) 1, displ. vix - - 20.3 q 1.0 TeV 1.5 <c7<156 mm, BR(u)=1, m(¥{)=108 GeV | ATLAS-CONF-2013-092
particles T e P
LFV pp—v, + X, V. —>e(u) + 7 lep+t - = 4.6 Ay 1212.1272
> Bilinear RPV CMSSM 2e,u (SS) 0-3b Yes 20.3 m(q) m(g), a,_gp<1 mm 1404.2500
& T, WA X —eei,, e, dep = Yes 203 : 750 GeV m(E)>0.25m(T), A1 20 1405.5086
XX, X =W X =11, ey, Beu+T . Yes 203 |4 450 GeV m(X )>0.2xm(¥3), 1133£0 1405.5086
84499 0 6-7 jets = 203 |2 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
RF v g—iit, fj—>bs 2e,u(SS) 03b Yes 203 |2 850 GeV 1404.250
- Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—i 2e,u(SS) 2b Yes 14.3 ATLAS-CONF-2013-051
‘O" WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
| ' L L
5 Vs =8TeV
Othe r m - full data -1 Mass scale [TeV]
: ' *Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theorefical sianal cross section uncertainty,

Mass scale [TEV]

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Dark Matter / WIMP Searches
universitatbonn

¢ e.g. “mono-X” signature:

@ visible handle
WIMP pair
‘ production

invisible

¢ heavy quark (+ MET) signature:

\

Q)

q
X = photon, jet, W/Z, ...
(O = EFT or explicit mediator

]

HQ pair +WIMPs (EFT) “b-FDM” model

...................................... > N T N T T T e e I P B T e
E . 8 5oL ATLAS = ga‘a
D Ldt=2031f" \s=8TeV Y*ﬂ—"’;) 3 E Vs=8TeV, Juat-203 107 [ Single top MET
S B, 2 [ (d)SR4 = V+iets
7 - I W/Z+jet,top,diboson 2
P . Z(l) g 10°E @3 Other
€ 10? . et w S — 2 Syst
Q ///// uncertainty _ s DM (10 GeV), D1
g e 7 uncenalnly 4o e
10 10E s e R
= pEdiagRNues y
1 ! I '
10" —
o = =
g 15 , 7 2 E
8 odr s B psgsssssississ W
= 150 200 250 300 350 400 450 500 550 150 200 250 300 350 400 450
ETS [GeV] EMs* [GeV]
arXiv:1410.4031, subm. to EPJC arXiv:1411.1559, acc. by PRD
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Dark Matter / WIMP Searches
¢ heavy quark (+ MET) signature:

universitatbonn
¢ e.g. “mono-X”" signature:

@ visible handle

WIMP pair
production

\

Q)

invisible

q
X = photon, jet, W/Z, ...
(O = EFT or explicit mediator

]

HQ pair +WIMPs (EFT) “b-FDM” model

~#- D9: ATLAS 8TeV g=47 90%CH
-£3- D9: ATLAS 8TeV g=1 90%CL
—— D8: ATLAS 8TeV g=41 90%C!|

DAMA/LIBRA, 3c [l CRESST Il, 26
CoGeNT, 99%CL [l COMS, 1o -
CDMS, 20 ~ CDMS, low mass.]
LUX 2013 90%CL —— Xenon100 90°/oC£

'_ ATLAS = Observed limit T

-~ Expected limit (+10,,,)

L 20.3f",15=8 TeV

154 B -7x- D8: ATLAS 8TeV g=190%CL

9 ~8— D5: ATLAS 8TeV g=471 90%CL F D9: ATLAS 7TeV y(x3) = all limits at 95% CL =
g - € - D5: ATLAS 8TeV g=1 90%CL + —— D8: ATLAS 7TeV y(x7) - -
o D5: ATLAS 7TeV y(x%) -+ 50— S8 -
& d I “

>-e £l =
R .

— Super-K 90%CL
IceCube W'W' 90%CL 10—

ILdt:zo.lafb" \s=8|TeV 7

{ AN I TS SN PNt
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arXiv:1411.1559, subm. to EPJC,acc. by PRD
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Many More BSM Physics Searches...

universitatbonn

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

Jirgen Kroseberg Review of ATLAS Results

mass scale [TEV]

ATLAS Exotics Searches™ - 95% CL Exclusion ATLAS Preliminary
Status: ICHEP 2014 f-ﬂ dt=(1.0-203)fb! +s5=7,8TeV
Model ty Jets ET™ [rdtm] Mass limit Reference
T — T T T T —T T T —TT
ADD Gkk + g/q - 1-2j Yes 4.7 Mp 1210.4491
ADD non-resonant {£ 2e,n - - 203 ATLAS-CONF-2014-030
ADD QBH - (q Teu 1j — 20.3 1311.2006
2  ADDQBH - 2j - 203 to be submitted to PRD
S ADDBH high Ny 24(SS) - - 203 n=6, Mp = 1.5 TeV, non-rot BH 1308.4075
% ADD BH high ¥ p1 >lepu >2j - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1405.4254
E  RS1Gkk— U 2epu - - 20.3 k/Mp = 0.1 1405.4123
S RS Gk — WW — &ty 2ep - Yes 47 1.23 TeV k/Mp =0.1 1208.2880
% Bulk RS Gyx — ZZ — {lqq 2epnu 2j/1d = 20.3 k/Mp =1.0 ATLAS-CONF-2014-039
W Bulk RS Gk — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 Gev [l k/Mp = 1.0 ATLAS-CONF-2014-005
Bulk RS gix — tt leu >1b,>1J2) Yes 143 BR =0.925 ATLAS-CONF-2013-052
Sz, ED 2ep - - 50 | Mgk ~R? 471 TeV 1209.2535
UED 2y — Yes 4.8 Compact. scale R~ 1.41 TeV ATLAS-CONF-2012-072
o SSMZ -t 2epu — - 203 1405.4123
§ SSMZ o1 27 — — 19.5 ATLAS-CONF-2013-066
é’ SSM W' — v leu — Yes 203 ATLAS-CONF-2014-017
P EGM W’ - WZ - tv ('’ Seu — Yes  20.3 1406.4456
gt\ EGM W’ — WZ — qqlt 2epu 2j/14J - 20.3 ATLAS-CONF-2014-039
& LRSM W, b teu 2b01j) Yes 143 ATLAS-CONF-2013-050
LRSM WI’? — tb Oe,pu >1b,1J - 20.3 to be submitted to EPJC
Cl qqqq - 2j = 4.8 1210.1718
Cl qqtt 2epu - - 20.3 = -1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b,21j Yes 143 ICl=1 ATLAS-CONF-2013-051
S EFT D5 operator (Dirac) Oe,u 1-2j Yes 10.5 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q EFT D9 operator (Dirac) Oe,u 14,1 Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 15t gen 2e 22j - 1.0 LQ mass 660 GeV =1 1112.4828
E Scalar LQ 2™ gen 2u >2j - 1.0 LQ mass 685 GeV B=1 1203.3172
Scalar LQ 3 gen teptr 1b1j - 4.7 | LQmass 534 GeV B=1 1303.0526
Vector-like quark TT — Ht + X 1eu >=2b>4j Yes 14.3 Tin (T,B) doublet ATLAS-CONF-2013-018
>L Vectorlikequark TT —» Wb+ X 1epu >1b 23] Yes 143 isospin singlet ATLAS-CONF-2013-060
3 § Vector-like quark TT — Zt+ X 2/>3e,u  22/21b - 20.3 Tin (T,B) doublet ATLAS-CONF-2014-036
L S Vectorlikequark BB — Zb+ X 2>83eu >2/>1b - 203 Bin (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB > Wt + X 2e,u(SS) >1b,>1j Yes 14.3 B in (T,B) doublet ATLAS-CONF-2013-051
‘E }l:i Excited quark ¢* — qy 1y 1j — 20.3 only u* and d*, A = m(q") 1309.3230
+= .9 Excited quark ¢* — qg - 2j = 20.3 only u” and d*, A = m(q") 1o be submitted to PRD
&‘% § Excited quark b* — Wt 1or2e,u1b,2jorlj Yes 4.7 left-handed coupling 1301.1583
we Excited lepton ¢* — £y 2eu 1y - = 13.0 A=22TeV 1308.1364
LSTC a7 —» Wy Tepuly - Yes 20.3 to be submitted to PLB
LRSM Majorana v 2e,pu 2j = 241 m(Wg) = 2 TeV, no mixing 1203.5420
5 Type Ill Seesaw 2ep - = 5.8 | V[=0.055, |V,,|=0.063, | V=0 ATLAS-CONF-2013-019
£ Higgs triplet H** — ¢¢ 2e,u(SS) = = 4.7 H** mass DY production, BR(H** — (()=1 1210.5070
6 Multi-charged particles - — — 4.4 ‘multi-charged particle mass 490 GeV DY production, |q| = 4e 1301.5272
Magnetic monopoles - — — 2.0 ‘monopole mass 862 GeV DY production, |g| = 1gp 1207.6411
MR | MR | L L MR | L L L
Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenomena is shown.
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"1 Outlook
universitatbonn

¢ Run2 to start this year with higher
energies and larger datasets

LHC / HL-LHC Plan
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Additional Material
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' ‘ Underlylng Event in Jet Events Eur. Phys. J. C74 (2014) 2965 @
nnivercitathnnn

Hard Scattering

" Initial State Radiation ma::.ﬂmn e " g : . .
/ ........... <>Et> (leading jet pr)

Hard Scattering

Initial-State Radiation
W,
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¢ study UE-relevant observables in azimuthally © Al s it L S
© 1.2_—1. -------- E
transverse region w.r.t the highest-p: jet g E e x
2 g:::“». R e o *%
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Jet Cross Sections Data/Theory

universitatbonn
Inclusive Jet Cross Section Measurements Status: July 2014

1 Y 1 L T v T T T
Incl ]et R=0.6 Iyl < 3.0 o =712.3+1.9+79.9 - 76.0 nb (data)
. .0, .
—Iy|<0.5 0.1 <p7<2TeV o = 187.0 £ 0.9 + 15.1 - 15.0 nb (data)
-05<|yl<1.0,0.1 <pr <2TeV =152 084+ 15324300 05
- o =139.8+0.9+16.5 - 16.2 nb (data) . .
10<|y| <1501 <pr<2TeV N . ATLAS Prellmlnary
-15< |y| < 2.0, 0.1 < pr < 2 TeV It 105.5 £ 0.7 + 16.0 - 15.2 nb (data)
-2.0 <yl <2.5,0.1 <pr < 0.9 TeV o =69.7£0.6+13.5 - 12.7 nb (data Run1 s=7TeV
-25<|yl<3.0,0.1 <pr <0.5TeV SRt i0em)
Incl. jet R=0.4’ Iyl < 3.0 r = 563.9 + 1.5 + 55.4 - 51.4 nb (data)
e or 145.1 =+ 0.8 + 10.7 - 10.6 nb (data)
lyl <0.5,0.1 <pr<2TeV , LHC pp Vs=7TeV
-05< IyI <1.0,0.1 < pr < 2 TeV or=136.9 = 0.8 + 10.9 - 10.5 nb (data)
~1.0<lyl <1.5,0.1 <pr<2TeV = 1122 + 0.7 + 11.0 - 10.2 nb (data) Theory NLOJet++, CT10
-15<|y| <2.0,0.1 <pyr <2TeV r=83.54 0.6+ 11.1- 9.7 nb (data) stgt}a 457!
-2.0<|y| <25,0.1 <pr<0.9TeV o =57.1+0.4 +10.4 - 9.1 nb (data) stat+syst
~285< Iyl < 3.0,0.1 < pPT < 0.5 TeV o =29.13+£0.31 +7.5-6.38 nb (data)
Dljet R=0.6 lyl < 3.0 yt < 3.0 o =119.0 + 0.4 + 10.9 - 10.3 nb (data)
oy U, .
-y < 05,03 <mj<43TeV o = 48,21 = 0.23 + 4.03 - 3.8 nb (data) Incl. jet: ATLAS-STDM-2013-11
~05<y" <1.0,03 <m; <4.3TeV o = 51.47 £ 0.32 + 4.76 — 4.44 nb (data) Dijet: JHEP 05, 059 (2014)
-1.0<y* <1505 <m;<4.6TeV o = 13.82+0.11 + 1.44 — 1.42 nb (data) —
-15<y* <2.0,0.8 <mj<4.6TeV o = 4.93 + 0.06 + 0.69 - 0.65 nb (data) h
-20<y" <2513 <m;<5TeV o = 505.0 +15.1 4 102.4 - 92.4 pb (data) #
-25<y" <3.0,2<m;<5TeV R INAAR 41T =04 I ¢
Dijet R=0.4, |y| < 3.0, y' < 3.0 |7 =86.872026+7.56-7.2nb (data) —
-y* <0503 <m;<43TeV o = 35.47 + 0.15 + 2.79 - 2.66 nb (data) ‘
-05<y"'<1.0,03< m;; < 4.3 TeV o = 37.33 + 0.2 + 3.25 - 3.03 nb (data) _
-1.0< y' < 1.5,0.5 < my; < 4.6 TeV o = 10.12 + 0.07 + 1.02 - 1.03 nb (data) _
-15<y" <2.0,0.8 <m;<4.6TeV o = 3.57 + 0.04 + 0.51 - 0.49 nb (data) _
-2.0<y"<2513<m;<5TeV o = 371.0 + 9.7 + 81.5 - 72.1 pb (data) —
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. HeaVy Gauge BosonS? arXiv:1410.4103, subm. to PLB @
universitatbonn

3 , .

P - ¢ e.g. search for W —=tb—lepton+jets

o PR Erewes{ @ INVAriant top-b mass combined with other
10° 7772 Uncertainty ]

guantities into boosted decision tree

¢ limits obtained in terms of coupling and
mass for left and right-handed W’
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‘Y Diboson Cross Sections @
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Diboson Cross Section Measurements Status: July 2014 [fffq; ——

o™ (yy)[AR,, > 0.4] | “C SRy
ofid(Wy - tvy)

4.9 JHEP 01, 086 (2013)

46 PRD 87, 112003 (2013)

= [Njer = 0] 46  PRDS7,112003 (2013)
ofd(Zy - tty) ATLAS Preliminary 46  PRD 87112003 (2013)
= ["jet = 0] Run 1 \/_ =7,8TeV 46 PRD 87, 112003 (2013)
ot (pp->WW+W2Z) 47  ATLAS-CONF-2012-157

ofd(W*WHjj) EWK
4.6 PRD 87, 112001 (2013)

total
a°?(pp->WW) 20.3  ATLAS-CONF-2014-033
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—o"(WW - ep)
ot (pp—->W2)

46 PRD 87, 112001 (2013)

46 PRD 87, 112001 (2013)
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HE =—ne

LHC pp Vs=7TeV 46 PRD 87, 112001 (2013)

Theory 46 EPJC 72,2173 (2012)
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Top Pair Production Cross Section @
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ATLAS+CMS Preliminary o, summary,\s =8 TeV  TOPLHCWG Sep 2014 ATLAS+CMS Preliminary o, summary, \s =8 TeV  TOPLHCWG Sep 2014
....... NNLO+NNLL (Top++ 2.0), PDFALHC i 51, VGBI
....... NNLO+NNLL (Top++ 2.0), PDFALHC — -~ — stat. uncertainty Mygp = 172.5 GeV — — — total uncentainty
Tevatron+LHC m‘op =173.34 GeV — ——tOta] uncenainty - scale Uncenalnty . G .i(Stat) i(sysl) i(luml)
I scale uncertainty £{ekaii Slavel bikamt scale ® PDF @ o uncertainty i
scale ® PDF @ a4 uncertainty gy Rietel) HayehHum)
ATLAS prel., e/u+jets 241+2+31+9pb
ATLAS-CONF-2012-149, L, ,=5.8 fb"
CMS, e/u+t, — 254+3+24+7pb

arXiv:1407.6643, L,,=19.6 fo’ ) s
CMS prel., e/u+jets |‘_,_,w, 208+ 9 tzs +10pb
CMS-PAS TOP-12-006, L,,=2.8 fb

ATLAS, dilepton ep

241.8+1.7+£55+75pb CMS, e/u+th
arXiv:1406.5375, L,,=20.3 fb’

257+3+24+7pb
arXiv:1407.6643, L,,=19.6 fb"

ATLAS, dilepton ep

2424+17+£55+75pb
arXiv:1406.5375, L,,=20.3 fb’

CMS, dilepton (ee,pp, ept) 3 237.2+21+11.3+£6.2pb
JHEP 02 (2014) 024, L,,=5.3 fb"
CMS, dilepton (ee, uy, ep)

239.0+2.1+11.3+6.2pb
JHEP 02 (2014) 024, L,,=5.3 fb”'

LHC combined ey (Sep 2014)

2406 +1.4+57+6.2pb :
CMS-PAS TOP-14-016, P LHC combined ey (Sep 2014) 2415+ 1.4+5.7+6.2pb
ATLAS-CONF-2014-054, CMS-PAS TOP-14-016,
L,,=5.3-20.31b" ATLAS-CONF-2014-054,
L,,=5.3-20.31b"

Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
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Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
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YHiggs Boson Width Limit from Off-Shell ZZ Events §
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ATLAS-CONF-2014-042

dopprH2Z ' Q%Iggg%izz' '
dM, (Mg —my )2 +my Ty
99—+H—2Z _ " K on-shell * %¥,on-shell |
on-shell Hon-shell = FH/F%M
g9—H*"—>ZZ

2 2
O ofi-shell X Hofi-shell = Kg off-shell * KV, off-shell =

negative interference with gg—Z2Z
BG o VHoff-shell = Kg,off-shell * KV,off-shell

Dasgpum

invariant four-lepton mass

ol — ggo H* > ZZ (S) E
't '15' ----- 90~ 22 (®)
l ,.'L‘ i . 00— (H*—>) 2Z
| Ci-.:"‘-- - 99— H'=)ZZ(n , , =10)
‘1\1\:-"-

T I T T T ] T
ATLAS Simulation Preliminary \s=8TeV

88 > ZZ — 2e2u

o 0 sw o Wi /s sn v if o p BN
200 400 / 600 800 1000
Moff —shell = 10 m, [GeV]

¢ main goal: measure off-shell Higgs signal strength

©

assuming same on-shell and off-shell Higgs couplings, can use this

result to constrain the total Higgs boson width

©

©

Jirgen Kroseberg Review of ATLAS Results

analyses in two channels (41 and 2I2v final states)
parallel analyses with different techniques (e.g. cut-based and ME for 4l)
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"- Higgs Boson Width Limit from Off-Shell ZZ Events §
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> e.g. 2e2v A A B R R = 40_ L I I Y I 2I12v / 4] combination
@ e —— Data e % [ ATLAS Prelimina il .
2 E ry ]
(05 St ATLAS Preliminary | 99+VeF- ()22 - f 39 212v+4/ combined o o o
A n B a2z . - 8 ToV: .[Ldt T Expected limit (CLs)
o - H = ZZ - 2e2v wz i CC) 30F SamhlinNa] tulinach: —— Observed limit (CLs) -
2 20 \s=8TeV: [Ldt=2031" pum iﬁ;?ﬁ‘;‘;’lf L E 3 :
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L 15 o Al contributions (i, =10) (_JI i .
: [Z77]] stat.+syst. uncertainties ] o\o 20 :_ _:
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Ti/Tsw | — .
¢ fit Mon-shen (including low-mass region)
B— .
;'0 ¢ assume equal on/off-shell coupling
R,f=1 5.7 5 S
R, =2 27 12.0 ¢ obtain width limit from [on-shell/Moft-shell
8TeV )
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"1 The Higgs Boson as BSM Probe
universitatbonn

¢ use Higgs coupling analysis to
look for BSM particles in loop-
mediated production and decays
ATLAS-CONF-2014-009

L L L L L L LN LR BRI LR

K 24 ATLAS Preliminary + SM E
g oof k=7Tey, [Lot=46-481" X Best fit =

2 - {s=8TeV, ﬂ.dt =20.31b" —68% CL
18 - Combined H- yy,ZZ* WW*t,bb - 95%CL
1.6 &

1_42— i 2f;// Best fit —i
120\ s 3

STy 1) SR N — ~ ;
LOBHIS st .
0.85 / \"'f'---.--_________-/J =
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©

reconsider Higgs coupling

analysis in the framework of

various BSM scenarios
ATLAS-CONF-2014-010

e.g. heavy Higgs boson arising
from additional EW singlet:

ATLAS Preliminary EW singlet
\s=7TeV: [Ldt= 4.6-4.8 " Obs. 95% CL
\s=8TeV: [Ldt=20.3 b = = == Exp.95%CL
Combined h — yy,2ZZ* WW*ttpb = = SM
] Saps U B AR AU AR GRS
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