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Group structure

§E!
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> Physics Analysis and Performance
Top quark (A. Onofre, F. Veloso)
Exotic searches (N. Castro)
Higgs (R. Gongalo, P. Conde)
Heavy lons (H. Santos)
Jets/Etmiss performance & calibration

(J. Maneira)
> M&O and Performance > Detector Upgrades
TileCal (A. Gomes) TileCal (A. Gomes)
Jet Trigger (R. Gongalo, P. Conde) High Level Trigger (P. Conde)
ALFA detector (A. Maio) AFP (P. Conde)

> GRID computing (H. Wolters)
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Current Detector Responsibilities

P

> TileCal hadronic calorimeter > Jet trigger
Laser calibration & monitoring Algorithm development &
system maintenance
DCS Performance studies in pp & HI
Software Heavy lons trigger menu
Performance Hadronic calibration trigger (for
Operations E/p studies)

> ALFA luminosity detector > GRID distributed computing

DCS Sites/services monitoring
Operations/shifts
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?;!i;“ Current Physics & Performance Studies

> Top quark precision > Higgs physics
measurements WH and ZH, with H—>bb
H->WW

ttH associated production

W polarization in tt events
tt spin correlations

Top polarization in tt events
Search for FCNC

> Jet and Etmiss calibration and
Performance

> Exotics

Search for vector-like quarks

Jet Calibration Performance

> Heavy lon Physics Pile-up subtraction for Etmiss

Jets data quality monitoring
and Performance in Heavy lon
collisions

Jet suppression in HI collisions
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Physics and Performance Studies

> Top quark precision > Higgs physics

measurements WH and ZH. with@

H—->WW

: T~
ttH associated production D

W polarization in tt events

tt spin correlations

Top polarization in tt events

Search for FCNC
> Exotics Dedlcated_ ion and
S > or-lik presentations
earch for vector-like quar
Q } today ormance
> Heavy lon Physics Pile-up substraction for Etmiss
Jet suppression in HI collisions Jets data quality monltorlng
and Performance in Heavy lon
collisions
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Top quark physics

U, C
> W polarization in tt events > Search for FCNC
. 5 T
Reflects the V-A Wtb vertex in top quark decays
Sensitive to BSM physics 95% C.L. Limit: g0+, v
> Measure angular distribution of ¢ BR(t — ¢Z) < 0.73%
in the W rest frame
(%_'j) E A7|'LAS | | ® data | 4
— T T T T — T T T T T T 9 12TJ_ ---- ft— WbZq signal |
_ 3 o [|Ldt=21f" Mawz
ATLAS det_1.04fb Fg FL Fo g Jol C Jaem 1
B NNLO QCD D [3ID Zejets 1
Combination 8—— . dibosons ]
o=+ Data (FR/FL/FO) bkg. uncertainty:
Template (single leptons) LI A ]
Template (dileptons) | e !
Asymmetries (single leptons) e+ - e —
Asymmetries (dileptons) S I T —A—
Overall combination - T< i 7 5
N R N I L 7
0 0.5 1 0 (R
W boson helicity fractions 140 160 180 200 220
Myq [GeV]
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Top quark physics

Eﬂ i“
:
L

> Top quark polarization in tt
events

> tt spin correlations

Test precise predictions of tt

production & decays QCD parity conservation +
unpolarized initial state =top

A = NADFNUY)=NA)-N{T) quark unpolarized

— NOO+FNAOFNED TN

Study polar angle of leptons in

ATLAS Preliminary

cos(8,) cos(6.)

tt spin correlation measurements

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

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

helicity basis

cos(6,) cos(6.)
maximal basis

.....................................................................................
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H—>WW—{vlv analysis

> Same flavour channel

- soft
¥ hadronic Improved Z/Drell-Yan background rejection!

recoil

This channel contributes with additional 5-
10% significance

+0.31
-0.28

> Signal strength: 1 = 0.99

compatible with SM expectations

R
ATLAS

o E
> = . N > T | LI L B L | LENLENL I L B LB | Tr T[T T rrrorr Y:
o = \s = 8 TeV simulation > F 3
_8 i H—-WW*—evev/uvpyv + 0 jets G 800F ATLAS :¢— Data 291 142012 3
(_g I —— Ziy* e E (s=7Tev f Ldt=4.6fb" %% Total sig.+bkg. 3
i —~ 700 . SM Higgs boson —|
s L —4— diboson, top and W+jets i i2] F \s=8 Tev I Ldt =207 b - m,=125GeV 7
ﬁ - —e— SMHiggs bosonm, = 125 GeV § 600;_ HoWW*Sivlv + 0/ jets o WWH _;
£ 10tk = " 500F- e O =
c o iy ] e =
L C o 5 . 400FE [ other W E
L - g e ] E [ single Top 7
- = = o . 300E ] waiet ]
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§ !i“ Jet suppression in Heavy Ion Collisions

A — I
J = =
T, + ET, °E ;>100 GeV Er, > 25 GeV | |<2.1; Ap>2.2 rad
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Other activities:

* Preparation of jet trigger menu of the p+Pb run and jet trigger performance

* Development of the jet data quality monitoring in the Pb+Pb and p+Pb runs;
* Offline jet reconstruction in Pb+Pb, p+Pb and p+p (@2.76 TeV) collisions;

* b-tagging in Pb+Pb collisions.
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LHC Upgrade Schedule

The LHC Forecast Q
C}Qo
e

7-8TeV 14 TeV

1027— 7x1033 o X]1024

<u> =20 <uw> =140

Phase - 0 Upgrade
Phase - 2 Upgrade

Jornadas do LIP, 21 March 2014



L
LS1 > PHASE 0

Z=10%cm?s™ <p>=24
100 fb' (2014-2017)

- 4th Pixel Detector Layer
(IBL)

* Pixel Detector
improvements

* Topological L1 triggers

- Silicon tracker cooling
system replacement

* Muon Endcap Extension
chambers completion

@

- Tile laser system

* Tile D in L1 muon trigger

- Tile DCS

ATLAS Detector Upgrades

LS2 » PHASE 1
#=2x10*cm™s™ <p>=50
350 fb™ (2019-2021)

* New Muon Small
Wheel detector

* Upgrade of the central
L1 trigger processor

- L1 Calo granularity
increase

@

- AFP detector

* HLT jet trigger

* Tile gap/crack
scintillators

- Tile DCS

LS3 » PHASE 2
#=5x10*cm™?s'<pn>=140
3000 fb™' (2023-2030)

- New “All Silicon”

tracker

- LO-L1 trigger

separation

* Track info at L1
- Upgrade of the

calorimeter readout

- Upgrade of the muon

spectrometer

- Tile HV distributor

system

- Tile DCS

P. Conde Muino
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!i“ The SM 1s incomplete

Why is the universe
dominated by matter? e

£\
4 )
96% of the universe ? 0%
dominated by dark . %
matter/energy
3

4 \7 \

\_~ What are they? )

> Why is the Higgs ‘)J

®
mass so low?

cO 0\0Y

Tecn Hidden

sector?

[> Neutrino masses”? ? J .
O .
de dﬁl%g E Why is gravity so ‘) J

30"
Txe
(;’BOY‘? weak? ®

Extra-
dimensions?
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- Some of the Upgrade Physics Topics

SUSY

Exotics

searches Standarc

Model

Top quark
Quark Gluon Quartic Gauge physics
Plasma Boson Couplings

P. Conde Muino Jornadas do LIP, 21 March 2014 14



ATLAS Simulation Preliminary
's =14 TeV: [Ldt=300 o ; [Ldt=3000 fo!

T | T T T | L

> Higgs couplings

Snowmass 2013

Model Ax, AKT Ak,
Singlet mixing 6% 6% 6%
2HDMs 1% 1% 10%
Composite Higgs -3% 9% —(3-9)%
Vector top partner 2% 1% -2%
Decoupling MSSM | —0.0013% <1.5% 1.6%

> SUSY searches

Examples of HL-LHC expectations

1000
G, 900

ATLAS Simulation bréh';mjnal'ry‘ !

o =300 b <u>=60) 95% CL exclusion
9 800 —3000 fb~ (<u>=140) 5c discove
= 3000 fb™ (<>=140) 95% CL exclusion

700
600

LA

\s=14 TeV —300 fb! (<p>-60) 50 discovery

.ATLAS 8 TeV (1-lepton): 95% CL obs. limi
DATLAS 8 TeV (0-lepton): 95% CL obs. limit

ﬁllll]lll'l!ll‘

500F-0 and 1-lepton combined _':“:r-ﬁ'-.---»., " =

400 ...';““ o..= :-.. _i

300F- IS : % S

imits £ 3

100 | 5

AW PRl TERE T

0 200 400 600 800 1000 1200 1400

Mgop [GEV]
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- Some of the Upgrade Physics Topics

SUSY

Exotics

searches Standarc

Model

Top quark
Quark Gluon Quartic Gauge physics
Plasma Boson Couplings
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Some of the Upgrade Physics Topics

P
SUSY
: > ttH associated production
EeXaOrté}ClSe - Standard » HWW vertex structure

> Vector-like quarks

Model

> Higgs self coupling

T~

Top quark

SREVRCINTNN | uartic Gauge physics
Plasma Boson Couplings » ECNG searches
> Jet suppression > yWwWW, ywwZZ
> Heavy flavour jets > WWWW
P. Conde Muino Jornadas do LIP, 21 March 2014 17



i Quartic Gauge Boson Couplings & AFP

P
ATLAS > i
LHC beam iy - Forward proton tagglng
\/ converts the LHC in a yy
=1 | ~_ /\~ | colider!
Diffracted p D
206 m protons
S— 3D Si )
214m  3DSI l v
Timing
> QGBC introduced in the SM due to the non 7 o

abelian nature of the EW symmetry

> Very precise predictions:
WWWW, ywyWW, WWZZ exist
2277, ywZZ: only at loop level

> Might be modified by BSM physics!

P. Conde Muino Jornadas do LIP, 21 March 2014 .3
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= Summary and Conclusions

> ATLAS experiment
Finalizing the Run | Physics Studies

Preparing for the new run and the detector Upgrades to exploit the HL-
LHC era

> Portuguese ATLAS team contributes to
Detector M&O
Physics studies

Top quark precision measurements Higgs Physics
Exotic searches Heavy lons

Detector Upgrade

> And we are prepared to exploit the physics capabilities of the HL-
LHC

P. Conde Muino Jornadas do LIP, 21 March 2014 19



Ongoing PhD Thesis

o
F i
= N

H—>WW-¢{vév searches (J. Miguéns)

Search for H—>bb in WH associated production channel (A. Palma)
ttH searches (S. Santos)

Search for FCNC in top quark decays (Bruno Galhardo)

Search for vector-like quarks (Juan Pedro Araque)

Search for Hbb in the ZH associated production channel (M. Sousa)
Search for Hbb with MVA techniques (R. Pedro)

Development of boosted jet triggers for Higgs searches (A. Delgado)

vV Vv Vv YV Y V V V

P. Conde Muino Jornadas do LIP, 21 March 2014 20



Backup
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§Egi“
:
L1 P

Heavy Ion Physics for the Upgrade

> Run II: 5-10 times higher stats!
Pb-Pb ~1nb™ @ «/s ~ 5.1 TeV, p-Pb, pp reference gt 5 1TeV
> Run llI, IV: requested >1o nb” Pb-Pb ;

p-Pb, pp, possibly light ions (e.g. Ar-Ar)
> Focus on rare probes:

Coupling with QGP medium

medium-modified hadronization process

> Jets: characterization of energy loss ~ &'F 7T amiwdetazoz '3
. . 2t +y + pi'>25, pZ>100 GeV
testing ground for the multi-particle - PR U
10°E + + ®  MCPresent Statistics « 10 |

aspects of QCD 5 +ﬁ - | o uormen s

probe of the medium density $ ﬁr T ATLAS

108 ﬁ’ ﬁ» T preliminary

> Heavy flavour: ‘T [simulation]
mass dependence of energy loss L T T R ¥ — T

pip?

P. Conde Muino Jornadas do LIP, 21 March 2014 22
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L1 P

In the absence of direct evidence for new physics, the Higgs will be
> Fundamental to test the validity of the SM!
> Probe of new physics

Higgs physics for the upgrade

> Study tensor structure of the HWW
> Rare decay & production modes vertex in the associated production

Probe Yukawa couplings to channel
quarks

2

Vs= 14 TeV J

o(pp — H+X) [pb]

> Sensitive to

Beyond SM contributions
- CP violation

200 500 1000
My [GeV?
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U, C
t t
¥

> FCNC branching ratios ~10™"%, 107

u,c
—é gl v

q_J £+! v

in the SM
> But much larger in BSM models:

10™

-10°

FCNC 1n top quark decays

U, ¢
t—é
g

10*

10°

é | I\II‘ | I \\l'll\‘ I 1 \IIIH‘ 1 1 \Illli
- 95% C.L. 7
- EXCLUDED -
L LEP REGIONS |
£ CDF N =
L DO -
- ATLAS (2fb™) 3
- CMS (4.6fb") -
E  ATLAS Simulation bl 2
C exirapolated to 14 TeV: 7]
S . ZEUS =
= 300 “3-1 - (gq=u only) -
Ce====n (sequential) ]
- 3ab’ :
| o (sequential) |
g 3ab’ =
F (discriminant) 3
_IIII\Ill: I:IHI\:I‘ | IHI\H' 1 IHIJI\‘ | \IIIH‘ 1 I\IIIIT
107 10 10° 10 10 1
BR(t— qy)

> With 300 fb™" ATLAS will improve the sensitivity to FCNC in top quark
decays by ~ two orders of magnitude

> With 3000 fb™ limits in the BR can reach ~10°-5x10°

P. Conde Muinio
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FrimmTve
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=

Data taking during LHC Run I

w
o

'rl C | | | | ‘ | | | | | | | | | | | | | | | ‘ | :-| 180 __\ 1T | T 1T | T \l TT | L lI | T \. TT ‘ L | T 1T | L ‘ T \__
Q " ATLAS i< 160: ATLAS Online Luminosity .
—_ — i) | — p—
B L c O Vs=8TeV,|Ldt=20.8fb", <u>=20.7 J
> 25—Preliminary 2012,Ns =8 TeV 2 140 -oTev ’ 5 _
5 - > C [0 Vs=7TeV, [Ldt=52f" u>= 9.1 =
© | [JLHC Delivered Deilvered: 22.8 fb” / @ 400D =
£ 20l Recorded: 21.3f6" 2 - B
E <UL [JATLAS Recorded Pryscs:20315" g E 100E =
; B . Good for Physics %‘ 80 F A
L 15 5 E .
& [ 2011,Vs=7TeV g o0 E
2 100 . _ X 40— =
c 10 B Delivered: 5.46 fb”' C ]
o - Recorded: 5.08 fb”' 20— —
3 N Physics: 4.57 b - ]
|_ 5 [ 0 L Lol Py L L I
B 0 5 10 15 20 25 30 35 40 45
- Mean Number of Interactions per Crossing
0
3@ pt 3 ot gt pet 3 oct

Month in Year > pp collisions recorded at ATLAS
213" @ 8 TeV
5.08fb" @ 7 TeV

> ~95% physics quality data!

> |n addition:

150 nb™' of Pb-Pb collisions
@ 2.76 TeV
30 nb™ of p-Pb collisions
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Physics at Vs=14 TeV

Fermilab SSC

CE“M gLHfl > Moving from 8 TeV to 14 TeV the cross

sections of the following processes
increase by

Top quark production ~ a factor 4
Low mass Higgs boson ~ factor 3

Exotic heavy particles, like Z', up to a factor
10
> Background processes, like W/Z boson
production or jet cross sections increase
“ more slowly

=
o
[

@ (proton - proton)

1nb |-

Events /s for &= 10%* cm=2 s~

O-= {m

a9 — = 500 GeV)

g="
.-

bl o : > The sensitivity improves considerably!

10

10

0.001 0.01 01 1.0 40 100
Vs TeV
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Higgs @ 14 TeV

t _I T T | T T T | T T T | T T T | T T T | _2

g g WW Ek

_10° I 5 F bb i

@ \E‘::'Iﬂ-TGVE;< 5 i :§

3 1| =10 22 -

+ 3 + 4. . ]

1l E c - cc ]
= m

LN E i i
o ] w

T * 3102 E

1 T :

: ° l :

I I
120 140 160

I - 111

I
180 200

1 I 1 1 | | ] 1 O‘go - |1 olo
100 200 300 400 500 1000
M [GeV] M, [GeV]

> With more data

Rare decays _
_ _ Become accessible
Rare production mechanisms
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LR TN
7

= !Z H—>7 /7 vertex tensor structure

H

N L .
Generic Higgs coupling vertex to a vector boson OP-Even tree lovel

AX -5 VV)=01 ( gOm2ete; 4— component
g0 ) pr@um | o0) pr(1)w f;gz)ﬁ_%“+ CP-Even
4+ g f;,(,l) (@) - l.oop .1nduced
CP-Odd contributions
» CP-conserving tree level SM:
g1=1,92=g3=g4 =0
> CP violation in the Higgs sector:
g4+ 0, either g1 or g2, g3 =0

> Sensitivity to new vertex contributions
through angular distributions of the
Higgs decay products
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FCNC 1n top quark decays

u,C U, C R
t—< t—éq,f,v t—é
¥ (j,f"',ﬂ' 9

BR(t = FCNC) in several models:

SM QS 2HDM FC 2HDM MSSM R SUSY TC2 RS
t—=qy ~107% ~107° ~107% ~10° ~10® ~10® ~10°® ~10°
t—=qgZ ~107% ~107% ~1077 ~1071° ~10® ~10> ~107% ~10
t—-qg ~10712 ~1077 ~107% ~10"% ~10° ~107% ~10"% ~107°
Acta Phys. Polon. B35 (2004) 2695-2710; Phys. Rev. D68 (2003) 015002; Phys. Rev. D 75 (2007) 015002

present experimental limits:

LEP HERA Tevatron LHC
BR(t — q7v) 2.4% 0.47 % 3.2 % —
BR(t — gqZ) 7.8% 30% 3.2 % 0.05%

2.0x 1074 (tug) 5.7 x 107> (tug)
BR(t—=qg) 17% 13% 3.9x 1073 (tcg) 2.7 x 1074 (tcg)
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> Lweak = -1/4F@® F@® 4 i@, (y(D ) —m)¥,

Quartic Gauge Boson Couplings

> Very precise predictions:
WWWW, ywWW, WWZZ exist
777, ywZZ: only at loop level

> Best limits in yyWW, yyZZ obtained at ATLAS with the AFP detector

Gives rise to

/ triple &

) quartic
(ﬂ)w =0 uWav -0 vwau = gseabcwbuwc" gauge boson
couplings
Might be modified
by BSM physics!

Couplings | OPAL limits | Sensitivity @ £ = 30 (200) fb~* _
Gev-2] 5o 05% CL Improve_DO/CDF results by ~2 orders

ol JAZ | [-0.020, 0.020] | 5.4 10-° 2610°° of magnitude
(2.7 107°) (1.4 1079) :

TR {0052 003 | 20107 57110 AFP improves ATLAS results by 2
(9.6 107) (5.2 10-9) orders of magnitude

Z 2 -5 —6 iy

ag /A% | [:0.007, 0.023] (é'g 13—6) (g'g }8—6) Reach sensitivity to extra-

Cﬂg/Az [_0029' 0029] 5.9 10—5 2.4 10—5 d|menS|Ona| mOde|S|
(2.0 107%) (9.2 1079)
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;!;“ Search for yyWW anomalous couplings

e Reach on anomalous couplings studied using a full simulation of the
ATLAS detector, including all pile-up effects; only leptonic decays of
W' are considered

e Signal appears at high lepton pr and dilepton mass (central ATLAS)
and high diffractive mass (reconstructed using forward detectors)

e Cut on the number of tracks fitted to the primary vertex: very efficient
to remove remaining pile-up after requesting a high mass object to be
produced (for signal, we have two leptons coming from the W decays
and nothing else)

"I_ 1 04 El LILIL} | LELELEL | LELELEL I LU | LELELEL I IIIIIIIIIIIIIIIIIII ?

>  10° pT e g E ATLAS Preliminary — anfAE—5x1 0 GeV 2 3
& pp in AFP — a0w/A?=10" GeV? 8 ol o=10ps, pp in AFP -+ -+ Non-diff. Background -
104 2_40°5 -2 i 10°E - .- Diff. Background 3

S ATLAS Preliminary a0w/A°=10" GeV - : - -
- 5 --- QED WW Q8 - === tt + single top .
> 10 § 12k - Drell-Yan N
o i 3 E
= 2 = =
10 10 Bt Fopemg s R
g | o FT eyl
c i T 1
I.;gJ 18 "'ll"lr'l" =1 =
1 0—1 § 1 I:I -Il{ §

10 I b

ol B B [EPETIE S NI AT AU AN SN AU ATRUAT AT A A | A A
1075502030 40 50 60 70 80 0

-3 i 'l 1 L i i 1 i L I L I 1 L ! Il L Il
10" 500 1000 1500 2000 2500 # of tracks in PV
Reconstructed mass m, [GeV]
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Selection conditions

Cuts Top | Dibosons | Drell-Yan | W/Z+jet | Diffr. | a /A*>=5-107° GeV~2
timing < 10 ps

PP > 150 GeV | 5198 | 601 20093 1820 | 190 282

p';'fp‘ > 20 GeV

M(1)>300 GeV | 1650 176 2512 g 176 248

nTracks < 3 2.8 2.1 78 0 51 71

Ad < 3.1 2.5 1.7 29 0 28 56

my >800GeV | 0.6 0.4 7.3 0 .1 50

pr’ >300GeV | 0 0.2 0 0 0.2 35

Table 9.5. Number of expected signal and background events for 300fb~! at pile-up u = 46. A time
resolution of 10 ps has been assumed for background rejection. The diffractive background comprises
production of QED diboson, QED dilepton, diffractive WW, double pomeron exchange WW.

P. Conde Muinio
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Diffractive physics with AFP

Eﬂ i“
:
L

Centrgl Exclusive production

E:

> Higgs
Higgs, die, Good mass resolution from p energy loss (~2-3%)
. Tests J°¥ & improve b-Higgs coupling measurement
B > Di-jets

Test QCD calculations

P

Exclusive Diffractive (3)

Triple and quartic anomalous gauge boson couplings

10°E

signal - agvm?:z x 10° GeV?

5 o > Exclusive production of WW via
2 s hoton exchange (g well kno »
% 0.; — E)YPE% Ww p g ww WWwW

£ in acc.
MET > 20 GeV

> Diffractive mass computed from p energy loss
Large mass tails sensitive to anomalous couplings

> Improvement of LEP sensitivity by more than 4
orders of magnitude with 30-200 fb™
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AFP background suppression and acceptance
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> Very good mass resolution (few %)
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The stability of the Higgs mass

P
H t w,Z
Mj; = Mgare-l- (H”H) +(_1_‘I_ = H) +(H{:§;)
~mt2A2/ t t
> Cancel out large terms: S s S s
Stop — SUSY H s H H : H

But... stop mass cannot be much larger than the top mass

Avoid fine tunning!

> Given the observed mass of the Higgs boson, the stop mass should
not be much larger than 1-1.5 TeV

Accessible at the LHC?
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Vector-like quarks
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> Vector-like quarks appear in certain
models to cancel Higgs mass q.q
Z,H,W*

divergencies
Little Higgs, extra-dimensions

> Left-handed and right-handed 4 7.4
components transform in the
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Standard Model Physics Measurements

Standard Model Production Cross Section Measurements siius: vach 2014 JLdt
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I Standard Model Production Cross Section Measurements Status: March 2014
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