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Outline

 The ATLAS detector and run-I performance
— ATLAS vs CMS - strengths and weaknesses

* Higgs Boson Mass and Couplings
— Recent ATLAS mass measurement

— New coupling results — what changed?
* Higgs boson width
* Run 2 outlook
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EM calorimeter: |n|<3.2
Pb-LAr Accordion

o/E = 10%/VE @ 0.7%

.. i
$ Hadronic calorimeter:
| |m|<1.7 Fe/scintillator

% 1.3<|n|<4.9 Cu/W-Lar
d O/E..=50%/VE ® 3%

jet™

L=44m,J=25m
*7000 tonnes
*=108 electronic channels
*3-level trigger reducin
veltrige Slelnis, Inner Tracker: |n|<2.5, B=2T

40 MHz collision rate to Si pixels/strips and Trans. Rad. Det.
200 Hz of events to tape G/p; = 0.05% p; (GeV) @ 1%
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The ATLAS and CMS Detectors In a Nutshell

Sub System

Design

Magnet(s)

Solenoid (within EM Calo) 2T
3 Air-core Toroids

Solenoid 3.8T
Calorimeters Inside

Inner Tracking

Pixels, Si-strips, TRT
PID w/ TRT and dE/dx
Opr/PT ~ 5% 10~4pr @ 0.01

Pixels and Si-strips
PID w/ dE/dx

opr/PT ~ 1.5 X 10~ 4pr & 0.005

EM Calorimeter

Lead-Larg Sampling
w/ longitudinal segmentation
op/E ~ 10%/vVE ® 0.007

Lead-Tungstate Crys. Homogeneous
w/o longitudinal segmentation

og/E ~ 3%/VE & 0.5%

Hadronic Calorimeter

Fe-Scint. & Cu-Larg (fwd) 2 11X
og/E ~ 50%/VE & 0.03

Brass-scint. > 7 Tail Catcher
og/E ~ 100%/VE & 0.05

Muon Spectrometer System

Acc. ATLAS 2.7 & CMS 2.4
05/09/14

Instrumented Air Core (std. alone)
opr /PT ~ 4% (at 50 GeV)
Wllih-%g@olig‘@gl)oa

Instrumented Iron return yoke
opr /T ~ 1% (at 50 GeV)
~ 10% (at 1 TeV)




LHC and ATLAS Performance

s

ing performance of LHC

Outstand

ATLAS Online Luminosity
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Month in Year

AN

2010 pp N's =7 TeV

m— 2012 pp \Is = 8 TeV

m— 2011 pp s =7 TeV
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- - Status:
Standard Model Total Production Cross Section Measurements .l 21

mmﬁmmmmmmmrmﬁmmr\/W\ﬂr

pp o = 95.35 + 0.38 + 1.3 hackb (data) %
COMPETE RRpl2u 2002 (theory)
total
Jets R=0.4 7= s, S0 theory) ) 0.1<pr<2TeV
lyI<3.0
Dijets R=0.4 |7 —0#7;020 1 156,721 e 0.3<m;<5TeV
lyl<3.0, y*<3.0
W o =94.51+0.194 + 3.726 nb (dataz +
FEWZ+HERA1.5 NNLO (theory)
total
Z a-72794+0178+1096nb(daa2 %
EWZ+HERA1.5 NNLO (theory)
total
- o =182.9 + 3.1 + 6.4 pb (data) ¢
tt top++ NNLO+NNLL (theory)
o =2424+1.7+10.2pb(d
total top++ NNLOENIEIL?.IZ(‘t)heory) 4
o =68.0+2.0+8.0pb (data) o
tt—chan NLO+NLL (theory)
oc=826+12+12
total o820 NlLO+l\11LLO(I’?1%c(>(Eya)Ia) A
o =72.0+9.0+19.8pb(d imi
WW+WZ |7 o8 ﬂ ATLAS Preliminary
total
WW o =519 i—l\%COFiIZl('lﬁ pb (()iata) b 7 8 T V
eory
c=714+12 R n 1 \/E = e
total e “MEF ?Ir?eor‘i/)g pb (datz) h u ’
0 =19.0+6.2-6.0+2.6—1.9pb (data) n
H geF LHC-HXSWG (theory)
o =254+43.6-35+29-23pb (data) l
total LHGC-HXSWG (theory) LHC pp Vs=7TeV
o =16.8+2.9 + 3.9 pb (data) n
Wt NLO+NLL (theory) -
0 =272+28+5.4pb(d
total NCONLL ‘()méo?;a)l) ! Theory
WZ =190 +M104Fr\7| %ﬂ? +1 )0 pb (data) ¢ Data
a
=203-+0.8-07+14-13pb(d Sla
total 7 VCEM (ineory) b (cate) A sfaLsyst
ZZ r767+£’)\/|64:r’\/(|)(5;h O4)pb(dala) o
eory
C :7.1+05 O4+O4pb(dala)
total 7 MCFM (theory) A LHC pp \/_ =8 TeV
0 =26+06+05-0.4pb(d
H VBF 7 LH& HXSWG (I?lec()r;)la) ‘I Theory
total
Iy o =300.0 4 120.0 — 100.0 4 70.0 — 40.0 fb (d
ttV)/ ﬁCFM (theory) N ( ata)' SDtZtta
tota
stat+syst
_Z o =150.0 4 55.0 — 50.0 + 21.0 fb (data)
tt HELAC-NLO (theory)
total
-5 -4 -3 -2 -1 1 2 3 4 5 6 11
10> 107" 1072 107~ 10 1 10" 10 10° 10* 10° 10° 10 05 1 15 2
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data/theory

[Ldt
[

8x1078

4.5

4.5

0.035

0.035

4.6
20.3
4.6
20.3

4.7

4.6
20.3
4.8
20.3
2.0
20.3
4.6
13.0
4.6
20.3

20.3

20.3

20.3

Reference

ATLAS-CONF-2014-040

ATLAS-STDM-2013-11

JHEP 05, 059 (2014)

PRD 85, 072004 (2012)

PRD 85, 072004 (2012)

arXiv:1406.5375 [hep-ex]
arXiv:1406.5375 [hep-ex]
arXiv:1406.7844 [hep-ex]

ATLAS-CONF-2014-007
ATLAS-CONF-2012-157

PRD 87, 112001 (2013)
ATLAS-CONF-2014-033
ATL-PHYS-PUB-2014-009
ATL-PHYS-PUB-2014-009
PLB 716, 142-159 (2012)
ATLAS-CONF-2013-100
EPJC 72, 2173 (2012)
ATLAS-CONF-2013-021
JHEP 03, 128 (2013)

ATLAS-CONF-2013-020

ATL-PHYS-PUB-2014-009

ATLAS-CONF-2014-038

ATLAS-CONF-2014-038



Many BSM direct searches

e SUSY spectrum explored to =TeV scale

 Many other scenarios explored up to =1 —=10 TeV: extra
dimensions, new gauge bosons, Dark matter candidates,
leptoquarks, fermion substructure, new heavy quarks, contact

interactions, etc
* Nothing new... so far!

ATLAS Preliminary 20.3 b, \s=8 TeV Status: ICHEP 2014 £, production, t— b 1 £ /1> Wb ¥} /Tt §] Status: ICHEP 2014

S0 o T o : .
— X via |/, 3l, arXiv:1402.7029 = = = = Expected limits .
12 0 P ATLAS Preliminary L, =201"1s=8TeV Ly = 4.7 " Vs=7 TeV

— X%, via /¥, 2e/p, arXiv:1403.5204 Observed limits

N ~0 -
I ﬁig via %/%,, 3, arXiv:1402.7029 EEtoty oL 1406.1122 0L [1208.1447]

ot 10 1L [1407.0583] 1L [1208.2590]
ot X 21 [1403.4853] 2L [1209.4186]
=t Wob 'if 1L[1407.0583], 2L [1403.4853]
ESbif 21 0L [1407.0608], 1L [1407.0583]

—_— ifig via T/V,, 221, arXiv:1407.0350 All limits at 95% CL
N, via T/ V., >21, arXiv:1407.0350

~t~0

— XX via WZ, 2e/u+3l, arXiv:1403.5294

;%0 via Wh,  e/ubb, ATLAS-CONF-2013.093

%0 via Wh, 31, arXiv:1402.7029

— XX, Via WW,  2e/j, arXiv:1403.5294

— Observed limits ==== Expected limits
Al limits at 95% CL

~ = =0 ~0
m = 0.5(m g+m x:)

=
.=

600 700
my: (=m %2) [GeV]
Multi-Higgs 2014, Lisboa 8
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Higgs Boson Mass

arXiv:1406.3827, submitted to Phys.Rev.D

4 —— Combined yy+2Z*

ATLAS
Vs=7TeV [Ldt=451b" — Hoyy
—H->ZZ" > 4

Vs =8TeV |Ldt=20.3fb"

19.7 fo" (8 TeV) + 5.1 fo' (7 TeV)
4 Combined
+ H—yytagged

CMS

Preliminary
H_>YY+H_>ZZ 4+ H— ZZtagged

125.36 GeV)

X Best fit

W

£
=
(2
9
L
e
IS
>
[
c
2
w

CMS-PAS-HIG-14-009
m,, [GeV]

New combined: m,=125.36 + 0.37 (stat.) £ 0.18 (syst.) GeV
* m,=125.98 + 0.42 (stat.) + 0.28 (syst.) GeV

* m,,=124.51 + 0.52(stat.) + 0.06(syst.) GeV

* CMS: m,=125.03 *9-%6_, _(stat.) *013_ . (syst.) GeV

05/09/14 Multi-Higgs 2014, Lisboa

123 123.5 124 124.5 125 125.5 126 126.5 127 127.5

10



Higgs Boson Mass

arXiv:1406.3827, submitted to Phys.Rev.D

4 ATLAS — Combined yy+ZZ*

3 5F 1s=7TeV [Ldt=451b" L
L 1s=8TeV [Ldt=203 b — e

125.36 GeV

X Best fit

W

Note: unofficial plot!

£
=
(2
9
L
e
IS
>
[
c
2
w

) 123 123.5 124 124.5 125 125.5 126 126.5 127 127.5

Months since 4 July 2012 m, [GeV]
* New combined: m,=125.36 + 0.37 (stat.) + 0.18 (syst.) GeV
* m, =12598+0.42 (stat.) + 0.28 (syst.) GeV
* m,,=124.51 % 0.52(stat.) + 0.06(syst.) GeV
* Old combination (PLB 726(2013)88): m,=125.5 +0.2 (stat) +0.6 (syst) GeV
* m,=126.8+0.2 (stat.) £ 0.7 (syst.) GeV
* mg,=124.3 +*06 _(stat.) £ *0>  ,(syst.) GeV

05/09/14 Multi-Higgs 2014, Lisboa 11




Combining Higgs Channels

Production

g
t

2
HXK,

2
XK

g oooo00Y

05/09/14

V4
Higgs 2
XK,
V4
Photon
tw
Higgs 2
------- vt XK
W Photon
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Events / 10 GeV

Data - Bkg.

> 10000F= ‘ ‘ ‘ T 5
3 E ATLAS B
o Data 2011+2012 |
5, 8000 ®  SWings boson m 1268 GeV (i) ]
€ E Segq  reeeenee Bkg (4th order polynomial) |
2 6000~ 4
F e Hoyy E
4000 -
C E:7TevILdt:4.stb‘ .
2000/~ , =
C Vs=8TeV I"‘“ =20.7 b ]
o 500 + + v + + —
S 4005 E
3 300E H -> I
E 2008 + h -
- 1008 +1+ s ISUURITY S Y-
2 10024 SR o TV
:’j -200E- E
100 110 120 130 140 150 160
m,, [GeV]
40~ ® Data2011+2012
F . ATLAS
F [ sM Higgs Boson HeosZZ* 41

E m,=124.3 GeV (fit
:_ [] Background Z, Z2*
[ [l Background Z+ets,
30~ Y Syst.Unc.

H->

Events/5 GeV

(s=7TeV [Ldt=46fb"
(s=8TeV |Ldt=20.71b"

Z

5 l
P I
100 150 200 250
m, [GeV]
FT T T T T T T T T T 3
800[- ATLAS _>WW 4 Data201142012 3
F Ys=7TeV |Ldt=46fo" == Total sig.+bkg. 3
700E" (s _gTev [Lat=20.71b" I SM Higgs boson
E my=125GeV 3
6005— HoWW* Siviv + 0/1 jets = ww E
500F- e [k =
400 E— [ ] qxher w —E
E [ single Top E
300 [ W+ijets —
E 2y E
200F- L E
100 =
100
80E- -- Bkg. subtracted data
60 ;— l:] SM Higgs boson m =125 G
40F-
20F- -+- E
L S &
20 E
E E

60 80 100 120 140 160 180 200 220 240

(a)

)
o2}
=]

m; [GeV]



A bit more technically

* Assumptions:
— Single resonance (at )
— No modification of tensor structure of SM Lagrangian:
* j.e.HhasJP=0"
— Narrow width approximation holds
* j.e.rate for processi=>» H => fis: O X BR =

i—-H X FH—> f

* Free parameters in framework:
— Coupling scale factors: sz _— o N
— Total Higgs width: k2 o,=k; -0, 'y =x;-I' /"Iy =5, - Ty
— Or ratios of coupling scale factors: A; = k; / k.

* Tree-level motivated framework

— Useful for studying deviations in data with respect to expectations
* E.g. extract coupling scale factor to weak bosons k,, by setting k,, = k, = K,

— Not same thing as fitting a new model to the data



Higgs couplings: H—=yy and H—Z77

H—ryy (arXiv: 1408.7084) : ,, = 6/0gy,= 1.17 £ 0.27
H—ZZ (arXiv: 1408.5191) : p,, = 0/0,, = 1.44 *040

Old combination (PLB 726 (2013) 88):

My = 0/0gy = 1.55 7% 4 o0
Mzz = 0/0gy = 1.43 %040 5

Large change in H—=yy !

—
=5
S
=
—
o
c
(3
—
-—
L]
©
c
2
(7]

l,, how SM compatible

W, uncertainty
increased !? 6 Note: unoficial plot!

—&— Combination

—&— H > 2Z

—— H - yy
H—ZZ unchanged SECSTHOWY L L L
Months since 4 July 2012
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What happened?

New electron and photon energy calibrations ATLAS Simaation Prefimimary
— Intercalibration of calorimeter layers - Previous simulation
— New map of material in front of calorimeter  New simulation
Multivariate regression to calibrate e and y

— Inputs: cluster position, calorimeter related
guantities (deposit per layer etc), tracks

Improved muon momentum scale and
resolution systematics

Used large calibration samples accumulated
during the run:

— Z—ee (6.6M), Z=up (9M), J/ Y= (6M)
to determine calibration corrections
— J/P—ee (0.3M), Z—eey (6.6M), Y=puu (5M)
to verify calibrations <82 !
Bottom line: improved systematics from Lo
ultimate Run-I detector calibration ' '
— 10% improvement on m,, resolution!

— =x2 improvement on y resolution systematic
uncertainty ni>1.82

— =10% improvement on p(H=yy) uncertainty

Uncohv Y, E,<500 MeV

1]
Q
ki
2
Q
]

services
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MC
i

S

Data
mpae/

A Scale

1.005

ATLAS

1.004 CB muons |<2.5

1.003
1.002
1.001

L |
L.
~~
<
=
=
| II|IIII|[III|IIII|IIII

.

0.999
0.998
0.997
0.996

ata 2012, ys=8 TeV
20.3fb"

t

J

L

0.995

N

10 10

(o)
o)
=

0.02

T T T T T 1 T 7T T T T T T ] T 1T T T T T 1 1

Unconverted photons

—— Data = Photons from Z—eey
Calibration uncertainty

S

-0.005

0.015
0.01
0.005

-0.01 Photons

-0.015

ATLAS \s =8 TeV, det =203 1"

10 20 30 40 50

E_[G
IVIuT[

—lIII|IIII|IIII|IIII|Il I|IIII|IIII|III

-0.02™
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arXiv
002¢

015

.001

005

—_

995

999

985

998

3000

2500

2000

1500

1000

500

0
60

:1406.3827, CERN-PH-EP-2014-153

- I I I I [ :'
3 pme
3 +Ep 3
4 + i 3
= + :*:_( S
g & -¢—$ :‘3: :tg
3 Electrons vs pileup -
;— ATLAS Vs =8 Tev,det =203 1" —;
[ | - P | I S R | |-
10 15 20 25 30

u
N I N e
- ATLAS Vs =8 TeV, JLdt =20.3fb"
- Unconverted photons ~ ** |
-4 Z-pupy, data P .. -
- -~ Z-ppy, MC v & Radiative ]
[+ Zoeey, data W4 Z decays test -
- —Z—eey, MC ]
- . sample -

70 80

eV
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Diphoton selection

, 105<m,, <160GeV :
" H—yy Analysis

1 e/p and b-jet
©/1 and b-Jets * Analysis categories optimized for
No e/y, measuring signal strength

5-6 ets inc. bjts

* mysetto 125.4 GeV, as determined in

V' H dilepton ~ HVD
S e 2 e/H, Mg/, =My arXiv:1406.3827
VI one_tepton 1 e/p, EMiss * 20% reduction in total uncertainty with
(WH — tvH) respect to an inclusive analysis
! High E, miss 9oF  WVBF  BWH
(ZH — vwH; WH — fvH)
ATLAS Simulation H—yy
: 2 'ets m.=m tTH leptonic
V H hadronic J ’ J) Z/ W ttH hadronic
(WH — jjH; ZH — jjH) VH dilepton
|An(lead jets)|>2, BDT |GG
. VH EMss
VBF tight tight !

VH hadronic
VBF tight

|An(lead jets)|>2, BDT /e

Forward - highpTt

VBF loose Ioose
(qqV — jjH) Forward - low Py

(qqV — jjiH)

Central - h|ghpTt

Central - low P,

Untagged: 4 categories 0 01 02 03 04 05 06 07 0.8 09 1

(99 — H) Dominated by ggF Fraction of each signal process per category
Multi-Higgs 2014, Lisboa 17
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H=—vyy Analysis (cont.)

[Ldt=45f"\s=7TeV
[Ldt=20.310" Vs =8 TeV
Central Iow»pﬂ

ATLAS
—¢- Data

— Signal+background

Events / GeV

===+ Background
— Signal

o
X
o
°
2
o]
=
©
°

* my fixed at 125.4 GeV
* W,=0/0gy=1.1710.27 =

1.17 £ 0.23 (stat) *0-10 o (syst) 012 | s (theory)
Increased statistical uncertainty due to:

— Lower signal rate

— Fluctuation — expected uncertainty 0.35 GeV

05/09/14

-+ Best fit
— 68% CL
95% CL

1.5

fgeF = 1.32 £ 0.32 (stat.)
= 1.32 £ 0.38,

puver = 0.8 0.7 (stat.)
=0.840.7,

pwg = 1.0 £ 1.5 (stat.)
= 1.0 = 1.6,

pzg = 0.1 73 (stat.) +
=0.1 "%

g = 1.6 +I

=1.6 T3L.

6
1
7
1
6
8
7

Multi-Higgs 2014, Lisboa

+0.13
—0.09

02 (cue
o1 (syst.)

+0.3
—0.2

fexret ) 0.
(syst.) —0.

OO (s\st )

(stat.) tgg (syst. )

ATLAS
[Ldt=451" 1s=7TeVv
[Ldt=20.3 0", 15 =8 TeV

H — yy, m,=1254 GeV

2 2.5 3.5

MQQF

+0.19 (theory)

(syst.) To'11

+D 3 (Tll( ()1\ )

f (theory)

8 o (theory)

3 (theory)
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ATLAS

H=—Z77 Analysis

* Also benefits from improved: !

High mass two jets

— Electron identification and energy measurement vor
— Muon momentum scale |
o P|US. Low mass two jets
— New VH category W(= j)H, Z(— jpH
— Multivariate method to discriminate ZZ* (BDT,,«) | VH enriched
— Improved treatment of FSR photons Additional lepton
W(— Iv)H, Z(— IHH

— 2D fit to m(4l) and BDT,,. ]

ogF } ggF enriched

BDT,,. output

Signal strength: pu = o/0,
Inclusive:

— Mgz= 1447934, (stat) 021, 4 (syst)
ggF and VBF categories:

— HggF = 1.66 +0.45_0.41 (stat) +O'26-0.16 (syst)

_1 0
110 115 120 125 130 135 140 - —_ +1.60 +0.38
m,, [GeV] Hyge = 0.26 091 (stat) 10.23 (Syst)

Multi-Higgs 2014, Lisboa 19
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We’ve been keeping busy...

SM Higgs and its properties

Mass and couplings (ZZ+WW+yy):
— Phys. Lett. B 726 (2013), pp. 88-119
(Updated Mass): arXiv:1406.3827
(Updated Coupling yy): arXiv:1408.3827
(Updated Coupling ZZ): arXiv:1408.5191

Spin and parity (ZZ+WW+yy):

H - yy: ATLAS-CONF-2013-012
H -> WW: ATLAS-CONF-2013-030
H - Zy: ATLAS-CONF-2013-009
H - bb: ATLAS-CONF-2013-079
H - tt: ATLAS-CONF-2013-108

H = pu: ATLAS-HIGG-2013-07

H = invisible:
Phys. Rev. Lett. 112, 201802 (2014)

ttH(yy): ATLAS-CONF-2014-043
VH(WW): ATLAS-CONF-2013-075
Phys. Lett. B 726 (2013), pp. 120-14

H = ZZ (on-shell cross-section and pT): ATLAS-
CONF-2014-044 (off-shell cross-section) ATLAS-
CONF-2014-042

05/09/14

Additional Higgs Boson searches

It is an old maxim of
mine that when you have
excluded the

impossible, whatever
remains, however
improbable, must be the
truth.’

Sherlock Holmes

Multi-Higgs -Zgﬂ,eLgbeogyl Coronet

H/h/A>rt:
ATLAS-CONF-2014-049 ATLAS-CONF-2014-005

X->hh->4b:

H+ - tv: ATLAS-CONF-2013-090,
JHEP03(2013)076

H+ > css:
Eur. Phys. J. C, 73 6 (2013) 2465

H > WW (2HDM): ATLAS-CONF-2013-027
X->hh->yybb: ATLAS-HIGG-2013-29

Multi-higgs cascade:
Phys. Rev. D 89, 032002 (2014)

SM Higgs Couplings and New Phenomena:
ATLAS-CONF-2014-010




The landscape in the next decade(s)

4 LHC startup, V s =900 GeV

V s=7~8 TeV, L=6x10% cm2s™!, bunch spacing 50 ns

Go to design energy, nominal luminosity (Phase-0)

Vs=13~14 TeV, L~1x10* cm? 5, bunch spacing 25 ns

2018 LS2 \ Injector and LHC Phase-1 upgrade to full design luminosity

2019
V s=14 TeV, L~2x10* cm2s’!, bunch spacing 25 ns
2021
2022 LS3 HL-LHC Phase-2 upgrade, IR, crab cavities?
2023

Ztg;)? . Vs=14 TeV, L=5x10% cm2s°!, luminosity leveling

D Chariton / Birmingham - 12 August 2013, ICISE 1 tion, MNhon, Vietnam )
RuIy) £ Aug nauguration, QY M e384, Lisboa

Run-1
~20-25 fb!
LS1=Now
Run-2
~75-100fb!
LS2
~350fb!
LS3
“HL-LHC”

~3000 b

1 B



Run Il = Not only more luminosity

* Higher centre of mass energy gives access to higher masses
* Hugely improves potential for discovery of heavy particles

* Increases cross sections limited by phase space
— E.g. ttH increases faster than background (factor 4)

 But may make life harder for light states
— E.g. only factor 2 increase for WH/ZH, H—bb and more pileup
— Could be compensated by use of boosted jet techniques (jet substructure)

Cross section ratios: 14 (13) TeV / 8 TeV WJS2013
Minimum bias /1.2
77 J 2.1 ratios of LHC parton luminosities: 13 TeV /8 TeV
WH J2.1
t (s-channel) 2.2
H (ggF) 2.6 And: pp — H(500) + X: 14 TeV/8 TeV ~ 7 —qag
H (VBF) $2.6 ---- Zqq
t (t-channel) 2.8 —m qg Strong interaction
tt ) 3.9 dominated processes
ttH ) 4.7
stop pair (0.7 TeV) J 11 (for 13 TeV / 8 TeV: 8.4)
stop pair (0.9 TeV) J 16 (for 13TeV/8TeV: 12)
gluino pair (1.5 TeV) J 72 (for 13 TeV /8 TeV: 46)
gluino pair (2.5 TeV) J5700 (13/8:2700)
Z'SSM (3 TeV)
Q* (4 Tev)
QBH (6 TeV) J 12000
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Conclusions

* Only a very short review of the latest diboson
mass and coupling results (apologies)
* Looking forward to Run Il

— Improve further on the precision measurements
that | mentioned (and all the ones | didn’t)

— But not all channels will become easier
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FERMIONS BOSONS
First Second Third l/ _—‘
Generation Generation Generation
) 10°
An example: ttH
° Qo L Q@

.
v
Indirect constraints on top-Higgs Yukawa coupling 10 oo
from loops in ggH and ttH vertices . it Sl
— Assumes no new particles contribute to loops . @ sange quark
Top-Higgs Yukawa coupling can be measured directly T:D 3.1,,@“
— Allows probing for New Physics contributions in the g““ 9

ggH and yyH vertices 10
S 7 7 L MASSLESS

10-10 BOSONS
Muon-

Top Yukawa coupling Y, = V2M,/vev = 0.996+0.005 s |- Elctron- |G| potons Procn

. . . neutrino o Gluon
— Does this mean top plays a special role in EWSB? .
- ;
CMS Preliminary (s=7TeV,L=5.01" (s=8TeV, L=19.5 b’ ATL/'I‘S IPlreIIIn?mlarly“ _ I\sl_8 Tle\/l, [L dt_2(|)3 ftl) .
vy = 1 === Expected = 10 i :
: --- Expected = 20 Dilepton |— P |
_ : --- Expected (sig. inj.) P 3
bb [~ : ; -=- Observed
Hadronic Tt — +
41 = Lepton+jets |— i _
------ Expected* 1o
s . : : : T e Expected + 26
Same-Sign 2| — . + Combination —— Observed |
- I Expected (u=1)
Combination [— + I N R R
il L L 1 L1 0 2 4 6 8 1 0 12

10
95% CL limit on o/og,, at m,, = 125.7 GeV 95% CL limit on o/c,, at m =125 GeV



Direct Evidence of Fermion Couplmgs

St T T T ]
* Challenging channels at the LHC! 5 oemromsomis
— Huge backgrounds (H->bb,H->TT) g .l ii?f:f,"’l"ﬁ:{fi ]
— Or low rate: H->pp. : R
10°¢ E
* ATLAS: 7
. 10 ATLAS Preliminary E
4.10 evidence of H->tt decay 3.20 exp. - [Lot-=203
- Vs=8Te
u=0,, /0= 1.4 +0.3(stat) +0.4(sys) T L
' 3 2 1 0 1
log(S / B)
® CMS: B 20S:MS {s=7TeV,L=5fb"; Vs =8 TeV,L=19-20 fb"
— Combination of H->bb and H->tt: 3 m, =V1H25 Gs%’
. - o -
3.80 evidence (obs.) 4.40 (expected) 386 — How

— Combined

U =0, /O, =0.83 £0.24
CMS 1401.6527

Channel Significance (0) Best-fit :

(my = 125GeV) | Expected | Observed U I

VH — bb 2.3 2.1 1.0+05 e

H— 17 3.7 3.2 0784027 mode!

Combined 4.4 3.8 0.83 +0.24 oS
0 02 04 06 08 1 12 14 16 1.8
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Direct Measure of Higgs Boson Width

Going back to latest ATLAS mass measurement
— Combination of H—=yy and H—ZZ
— arXiv:1406.3827

Direct measurement assuming no interference
between signal and

backgrounds ATLAS

H— ZZ" — 4l
Mass peak is a convolution of natural Higgs s=7Tev: [ Lot=45 16"
width and detector resolution (s=8 TV: [ Lot =203 1"

— SM: T =4 MeV << resolution — Expected, p=1.0, m =125 GeV

— Observed

H—Z77—4] :
— [<2.5GeV @ 95% C.L.
— Expect6.2forp=1

H—yy:
— <2.5GeV @ 95% C.L.

— Expect6.2forp=1
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ATLAS-CONF-2014-042

Indirect Measurement

* High-mass region in H=ZZ ( m,, >2 m, ) provides
access to total width
— Kauer and Passarino, JHEP 1208 (2012) 116
— Caola and Melnikov, PRD 88 (2013) 054024
— Campbell, Ellis, and Williams, PRD 89 (2014) 053011

ATLAS Simulation Preliminary Vs=8TeV
88 > 7ZZ — 2e21

—— gg— H* > ZZ (S)
----- 99— ZZ (B)
. —-gg— (H*>) 2z
S, mm 0go () ZZ

S
[
O]
=~
&

S
£
S
O
e,

10)

off-shell

e Off-shell signal strength is independent of total
width (depends only on couplings) — unlike on-shell

— Assumes background is immune to any new physics
affecting off-shell couplings (and so k factors)

— Assumes ki,off-shell = ki,on-shell

ATLAS Simulation Preliminary 1s=8TeV
88 » ZZ — 2e2

do/dm, [fo/GeV]

gg—H*"—Z7Z
off-shell 2 2

= Ky off-shell * Kv,off-shell

~gg—H —77 _ Hoff-shell
off-shell, SM

—gg— H* > ZZ (S)
== gg— (H*>) ZZ (Interference)

gg—H—ZZ K2 . K2
on-shell g.on-shell " V,on-shell

gg—H—zz ~ Honshell = [, /TM
on-shell, SM H
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Indirect Measurement

Combination of ZZ—4l and ZZ—2I12v to fit Y ¢
74|
Off-shell region ma=[220,1000] GeV

Matrix element (ME) kinematic discriminant to separate
gg—H—ZZ from gg—77Z and qq—ZZ

Z7=212v

- Em<> 150 GeV, 76 < mi < 106 GeV

- Main backgrounds: gq—ZZ + diboson

Off —shell signal region: mrzz> 350 GeV

- limit on off-shell

- Small dependence on the ratio between gg—77Z and
gg—H—7Z k-factors

- RHB s ~ 1in the soA collinear approximadon Include
low-mass region (4l) to fit pon-shell

Ratio of pon-shell/poff-shell gives H

Off-shell signal strength is independent of total width
(depends only on couplings) — unlike on-shell

Assumes background is immune to any new physics affecting off-
shell couplings (and so k factors)

Assumes ki,off-shell = ki,on-shell
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Higgs in ATLAS

4 f
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& THE BADYSEEDS

Higgs Boson Blues

Words by Nick Cave
Music by Nick Cave & Warren Ellis

2 €,)

e =116 swung

Can’t re « mem-ber a0« ¥y « thin
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Trigger: sistema de sele

25 ns entre pacotes

cao em tempo real

(i.e. =7.5m a velocidade de ¢)
40 milhoes de cruzamentos de feixes

CALO MUON TRACKING I

por segundo

Cada colisao daria =1.5Mb
=> 60Tb por segundo

©

=] pallna
memories

Impossivel guardar todos os dados
E desnecessario!
A maioria das colisoes é sem interesse

.*

Derandomizers

O sistema de trigger guarda apenas

Readout drivers
(RODs)

=10-15 colisdes por cada milhao
Mas tem que decidir em 2,5us!!

Readout buffers
(ROBs)

el

Event builder

ATLAS Trigger Operation 2012

600 ~ Jets/missing E, (delayed)
== B-physics (delayed)
Minimum Bias

Electrons/photons

500
400
300

200 Jets/taus/missing E_

Rate in Hz

100 ~Muons/B-physics

0 T T T T T
April June August October  December 2014

o3
-

, Lisboa

Full-event buffers
and
processor sub-farms

+

Datarecording
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CERN SDX1 dual-CPU nodes
computer 6 ~1600 ~100 ~ 500
centre Event rate | Local Event Ev.ent i Second-
Data " 200 Hz Sﬁﬁiiﬁe Filter lejtlﬂli(ajrslr - lte.VE|
Outputs Inputs rigger
storage (SFOs) (EF) (SFls)
N\ o]
DataFlow Network T stores
Manager switches YYVY  yyyyy LVL2
< > output
; Network switches :
Lv2 |
Super- A <
g c
visor " <
o < ()
AN :é v§ § E
- oo —
S 2 E o
AEE S
s | 8¢ o
Event data ol Y
= g v
pulled: 3 HE 3
. (0]
partial events = M
&
@ <100 kHz, 2 USA15 1600 p, -
5 o by first-level trigger
full events £ 150 Read- <
@ ~ 3 kHZ e PCS YYYYYVYYYY (L)|:It(s d
Read-
Read-Out Out
Su?;ésste)ms Drivers
S
A - (RODs)
Builder
Timing Trigger Control (TTC)

Data of events accepted

Trigger / DAQ architecture
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a % 280
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TR
EL) .\\\
.k e Y S
: =
a0 R 7] e
B A aza /
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T o st

VME  pedicated links
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First-
level
trigger

Event data pushed @ < 100 kHz,

1600 fragments of ~ 1 kByte each o | 050/14



12,8 BILLION YEARS AGO,
A FEW SECONDS BEFORE THE

CREATION OF OURUNIVERSE

All set.
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Lets fire upthis
Large Hadron Particle
llider and see

what happens/
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3000 cientistas

. (1000 estudantes)

33 paises

&4 177 universidades
e laboratorios




Outline

 The ATLAS detector and run-I performance
— ATLAS vs CMS - strengths and weaknesses

* Standard Model Higgs

— Bosonic decay channels —yy (incl., ttH), WW, ZZ, Zy

* Differential analyses — vy, ZZ

* ttH(H—yy)

* Couplings and Properties from Bosonic Channels — incl mass (ATLAS-CONF-2014-043)
— Fermionic decay channels —tt, bb (VH, ttH), uu

e H—tT, VH(H—bb), ttH(H—bb)

* Hcc access through H->J/Psi? http://arxiv.org/abs/1306.5770
— Di-Higgs production —yybb

* Beyond the Standard Model

— Constraints from current measurements

— Direct BSM Searches
* Additional yy resonances
* Cascade decays
* Invisible Higgs in ZH production
* FCNCt—Hq
*  MSSM H=1t (in circulation)
* High Mass H—yy
* PROCURAR em exotics (e.g. H++) e SUSY
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