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* Energy reach
— New particles
— Shorter distance scales
* High luminosity and excellent detectors

— Cover the phase space opened
— Study rare events

* Energy opens more phase space
— High multiplicities

— QCD & EW radiation in events with objects at the
electroweak scale

— Boosted electroweak scale objects, rich perturbative
structure inside jets

e Surprises?
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Delivered: 5.46 fb™
Recorded: 5.08 fb™'
Physics: 4.57 fb”'

Total Integrated Luminosity [fo 1]
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20 [T]ATLAS Recorded
. Good for Physics
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2011, \s =7 TeV

2012, s =8 TeV

Delivered: 22.8 fb™
Recorded: 21.3 fb™
Physics: 20.3 fb™'
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Month in Year

* >400 papers submitted (still coming)
* Wide range of precision measurements

* Extensive searches, with one of two interesting anomalies
* A new particle, confirmation of our understanding of mass
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From Mike Lamont,
LP2015
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. [ LHC Delivered
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From Beate
Heinemann,
LP2015

* Infrastructure:

— New beampipe, improvements to magnet & cryogenic
system

e Detector consolidation

— Muon chambers completion (|n|=1.1-1.3) and repairs,
improved readout of various systems (L1 rate 100 kHz),
repair of pixel modules and calorimeter electronics, new
pixel services, new luminosity detectors, new MBTS
detector

* 4% silicon pixel detector layer (IBL)

— Innermost Pixel detector layer at R=3.3 cm from beam

* Trigger improvements

— New Topological L1 trigger, new central trigger processor,
coincidence between Tile and muons, restructuring of
high-level trigger, new Fast TracK Trigger (FTK), improved
L1 calorimeter trigger

e Software

— Many improvements to simulation, reconstruction, grid
and analysis software

13/04/2016 JMB, HiggsTools



higgstools

* Forward detectors (ATLAS/ALFA, CMS/TOTEM)
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Forward detectors (ATLAS/ALFA, CMS/TOTEM)
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* 13 TeV data, ‘minimum g %5020 e >s00nel. <28
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leading track

* Use an object (’grack, jet, Z...) to / \

select events with a hard process,
and to define regions: ovard

— e.g. leading track 2 o

transverse transverse
60° < |Ad| < 120° 60° < |Ag| < 120°

e Extensive library of )
fully-corrected 3
result in Rivet, used } i
to tune MC v
generators 1

e away
Transverse region ATLAS Preliminary — IA¢| > 120°

\s =13 TeV
p, > 0.5GeV, <25

p'Teald >1GeV
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ATL-PHYS-PUB-2013-018
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* Jets measured over a very wide kinematic
range (20 GeV < p; < ~2 TeV)

e Strong couplmg and PDF constraints
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ATLAS STDM-2014-10

:ﬂ Angular coefficients of lepton pairs in Z events
R Phys. Lett. B750 (2015) 154

in Z rest frame: deosdg’

d’e ~ .|I Feost 8%) 4 f"-n]zl:]

Zeost %) 4

Ay sin(26°) |,'u.~¢f|' } AE;

sint 6* cos(2¢* )

+A;sinf” cos¢” + Aycos 8 + Assin® 0° sin(2¢") + Ag sin(28°) sing* + Ay sin@” simfr’].

08* and @* : polar and azimuthal angles of negative lepton in the rest frame of Z

A, -A_ eight angular coefficients, A, -A, related to polarization of Z

— A_-A_measured for the first time by ATLAS
A_—A,.very sensitive to higher order effects: Lan-Tung Relation (NLO) predicts it to be 0
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Comparison with theory
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ATLAS Input measurements
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\s =8 TeV, 20.3 fb™’

13/04/2016

Signal strength (n)
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e Differential and 5
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* Couplings/decay rates
* Mass

e Differential and
fiducial cross sections

* Spin, CP, etc...

e Searches for more
bosons

* Di-Higgs searches

13/04/2016 JMB, HiggsTools
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ATLAS-CONF-2014-057
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* Many precision
measurements.

ttbb dilepton ATLAS
; 15=8 TeV, 20.3 fb”
----- Measurement result

stat. @ syst. stat.

e Starting to include

. . . . : % MadGraph+Pythia
fiducial & differential £ % e
results: + -
. . ’ . Pythia8 (wgtq6, sgtq=0.25
— Build cross sections ( )
4 A Powheg+Pythia6 (inclusive ff)

out of final-state -
particles Tols 2 25

fid / fid
Cpep, / O [%]

— Top-jet cross sections
from ATLAS & CMS

— Top + (b) jets

13/04/2016 JMB, HiggsTools 25
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* Understanding jet substructure is critical for
physics above the electroweak symmetry
breaking scale (examples — previous top

results, resonance searches, boosted hadronic
W/2Z)

* Fortunately QCD is up to the job, as are the
experiments.

e See Boost 2015 for status... Measurements in
dijets, W+jets, hadronic W, Z->bb...

13/04/2016 JMB, HiggsTools 26



<Y P
&

. Many top anti-top resonance

1lepton + missing Et
searches P g 2%
for SUSY
and other b
_ boosted top
BSM at least 1 b-jets -~ Mass and sub-structure
signatures * pr>300GeV
. (slidefrom & fEREEE § [ERnER
8 Pl:f:l.i':l‘l 8 EPO“;-F“.
T.Nobe, La > 3 10
ThUIle) :?j electron g 102 :uonl E
channel 1o} channel| 3
. . 1-
g 1 £
= “.,.,.,++_+__}_: ........................ L :
S 95,500 7000 1500 2000 2500 3000 3500 4000 4500 R T
e [GeV] M= [GeV]
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E 3__IIIIIIIIIIIIII.II.IlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII__

* Many %10 EATLAS Preliminary — _ Observed 95% CL limit E

searches '*,F - Vs=13TeV,3.2f" =---x Expected 95% CL limit :

fOr SUSY Ry 102 E_ % | Exp. 10 uncertainty —E

T E . Exp. 2 ¢ uncertainty E

and other D ok N e Z'16(T/m=1.2%) (LO x 1.3) __|

BS M ;l'\l E :’s,‘l =imimn Z';o,(I'm=3%) (LO x 1.3) E

signatures U3 E
107" =

10_2_|||||||||||||||||||||||||||||.|.:.|’7-|~|'~|’.|'h,|||||||||||_

0O 05 1 15 2 25 3 35 4 45 5

Z' mass [TeV]
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 Example —fully
hadronic, boosted

10*

S Catas D T
WW/WZ/7Z S Lyl tem TN 203 W o=
P = 2.0 TeV EGM W', ¢ = 1 =
. c I —25TeVEGM W', c=1 n
* Hints also from CMS, & R itieiet RN
but aISO Some 10%_ ] + WZ Selection _;
tension with (semi- b -
leptonic results) : ]
107 & =
g af
& 2er ]
o 1 =

= 0
o -1 -
n -2 T e R —— [ [

arXiv:1506.00962
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 Example —fully
hadronic, boosted

—+— OQObserved 95% CL

* Hints also from CMS,7 |, —— o §

E J__ T I T T T T | T T T ! I T T 1 T I T T 1 T __'
WW/W Z/ZZ 2y 2 -  ATLAS Preliminary EGM W', ¢ = 1, Leading Order

< 10°E (s-8Tev

= P — — Expected 95% CL

K1 S\ J Ldt=2031b

5 |
bUt aISO some g 1E ﬁ;;:::::ﬁ:tjﬂqﬁ+quE+JJ =
tension with (semi- £ _.[

. e
leptonic results) & pef

* New ATLAS 10734

1 | 1 1 1 Il | | 1 1 L I 1 | 1 | I 1 ] 1 I
500 1000 1500 2000 2500

combination with My [GeV]
(semi)leptonic
channels ATLAS-CONF-2015-045
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Example — fully
hadronic, boosted

T I T T T T | T T T T I T T T T | T T T T it
—e—— EGM W—WZ signal, IvIT + llgq + Ivqq + JJ -
— — — EGM W—-WZ signal, IvIT + llgg + Ivqq

Local p-value

10 - EGM W'—WZ signal, JJ —
E —a—— RS G"»VVsignal, llgg + Ivqq + JJ =
- —— — — RS G"—>VVsignal, llgg + Ivqqg
— i RSG—)WngnaI JJ =
WW/WZ/ZZ Lo RE3EGE :

 Hints also from CMS, "7

but also some 0% 3

tension with (semi- " ;;;;;i.;;;;.;;;.‘,;;;;,"‘ﬁ'd'f*gg;f;; """""" ‘

|eptonic resu|t5) 00 1000 1500 2000 2500
m [GeV]

* New ATLAS A provocative reminder...

combination with we are in unknown

(semi)leptonic territory!

channels ATLAS-CONF-2015-045
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> 103 = L B B B
& £ ATLAS Preliminary —*— Data 2015 E
g . ,| \s=13TeV,3.2fb" —— Fit bkg estimation |
= 10°E Fit exp. stats error 3
E B WW selection ]
o 10g E
1 L =
= 3 | =
N [
10-1 | ! ] 1 L 1 L i

S of —
@ c 1
2f -

1000 1200 1400 1600 1800 2000 2200 2400
m,, [GeV]

Not quite as exciting... but
still pending more data

13/04/2016

JMB, HiggsTools

Events/100 GeV

Pull

Events/100 GeV

Pull

103 E —T T T T T T T T T T T T T 3

= ATLAS Preliminary —*— Data 2015 3

102 | \s=13TeV,3.2fb" —— Fit bkg estimation _:

E Fit exp. stats error

- ZZ selection -

10 =

" S

107 T

0F — .
1000 1200 1400 1600 1800 2000 2200 2400

m,, [GeV]

103 R BN =

= ATLAS Preliminary —— Data 2015 3

102 ; \s=13TeV,3.21b" —— Fit bkg estimation _’

= Fit exp. stats error %

- WZ selection -

10e E

1 ? _|__|__I_ E

- _;‘_I_

10‘1 __— | 1 | 1 1 . | —— _

2 3

of ;
1000 1200 1400 1600 1800 2000 2200 2400

mg) N [GeV]
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10°

> T T T I T T T T I T T T T T T T T T T T T T T T E > T T T I T T T T I T T T T | T T T T T T T T T | p=
() o —e— Data 3 o .. —e— Data =
Y . ATLAS Prellmlrlary B Wjets 10 - ATLAS Prellmlr_11ary B W-ets ]
__té‘) 10 \s=13TeV, 3.2 fb Top quark ? _fé,’ \s =13 TeV, 3.2 fb TOp quark 3
o WZ Signal Region B Dibosons i WW Signal Region B Dibosons :
w 1o Z+jets + W 10 Z+jets =
==== HVT m=1.6 TeV 3 ====- HVT m=1.6 TeV =
1 v Fit tot. unc. 7 1 v Fit tot. unc. —;.
107 < 10 E
10° <4 10° -
107 4 10° Z
~ 7
1 0—4 1o Il 4 (1 Il : 1 0—4 N L1 J Y |.: 1 1 | 1
— I I I I Y — ' ' r :) 7, I
o 15 / o 15 5
= B > - /
-’- " z ; / // / / / / // / / / /
e ”%W////////////// = a7 %
0.5 0.5
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
m,, [GeV] m,,, [GeV]

Not quite as exciting... but
still pending more data
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~ 18 —_——
@ ATLAS 3
O 16 4
S \s=13TeV,3.2fb ]
—~ * Data -
2 W gg—77- 4l e
3 [(Jgg—ZZ— 4l ]

+

Prediction uncertainty —
Expected background: 0.62° " J

II\II\II\IIJIIJ

s

200 300 400

500

600 700

Mass of four-lepton system m,, [GeV]

T T T T T T T T T T T T I T T T ] T T T I T T T I 1 T T T T T
pp - Z2Z — 4l
Fiducial ATLAS
4e ° \s=13TeV, 3.2 fb"
® Measurement
2e2u : o Tot. uncertainty
Stat. uncertainty
a2 prediction
A it
+ 20
Combined —— Theory: PLB 750 (2015) 407
| | I | I CT1|0 NNLO I
04 06 0.8 1 1.2 1.4 1.6 1.8 2 2.2
Gdata/ctheory
13/04/2016 JMB, HiggsTools

| ATLAS

i1s=13TeV, 3.2
: o Data
[1ZZ— 4l

...........

|||||_
P
el et h . z
[ ]
0.«
Lo s enge s L
e Do v ag =« =
=% o 0[] oe -
' B P
W ©[[Joo e -
N og s .
o ? .
pooe s N .

| |'|'|'|'|E'|'|‘|'|'Q‘| | I |E'|'|'| P IR

0 40 60 80 100 120 140 160
Subleadmg-pT | Z candidate mass [C
_ 24r
E MCFM, €T14 NLO
8 2oF Amas T 22 (o)
BN 20 ;_ :ﬂ?'f:: zz:fu(l:?:-: ;E\?s GeV) 3.2 b “2(ep)
© 18F LHCData2012 (1s=8Tev)
£ COCMSZZ- Il (m” 66-116 GeV) 19.6 fb™
16 LHC Data 2011 (15=7 Tev)
E @ ATLAS ZZ- (livy) (m, 66-116 GeV) 4.6 b
14 E~ eCMS 2z llll (m, 60120 GeV) 5.0 fb”
-1 2 [ Tevatron Data (1s=1.96 TeV)
E~ eCDFZzZ— l(livy) (on-shell) 9.7 fb”'
{QF- #0022 i) (m, 60120 GeV) 8.6 "
81
6-
4
25_,--."7".".“.‘. | | P IR
2 4 6 8 10 12 14
\s [TeV]
34
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* Same-side ridge in high multiplicity events,
seen by CMS early in Run 1

arXiv:1009.4122

CMS pPb \s, = 5.02 TeV, N7 > 110 (b)

1<p <3GeVic

d2 I,Mpair
il
~J
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* Same-side ridge in high multiplicity events,
seen by CMS early in Run 1

* Also seen by ATLAS now at 13 TeV...

- ATLAS-CONF-2015-027
arXiv:1009.4122
CMS pPb \s, = 5.02 TeV, ™™ > 110 ATLAS Preliminary 0.5<p>°<5.0 GeV
pPb \'s,, = 5.02 TeV, > b y
NN trk (b) \s=13 TeV, L_=~14 nb %5120
T<p <3 GeV/ic

Data 2015

_ e -
g % 18 2 31 02
g5 1.7 ' z
513 aae - SN 3

216 S osossesss AR O
~— . ‘ Ty oy L P

g U RSN 0.98
4 2

i DO SAY. 8
i CavAP. X "‘
GRS
%Y,

13/04/2016 JMB, HiggsTools
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Results
SPIN-0 ANALYSIS SPIN-2 ANALYSIS
background-only fit : background-only fit
> Wgr—— T T T T T T T g > Wg—T T T T T T T T
3 ATLAS Preliminary . Data ] & - ATLAS Preliminary Data E
@ 10° — Ba . g % 107 o .
£ = ckground-only fit = % - Background-only fit 3
T _E Spin-0 Selection E_ Z i _E Spin-2 Selection E_
- ls=13Tev, 321" § 2 ls=13Tev, 321" §
1[']_5 = 'IU_E |
13 5 I ]
10k . 1k
. l Ll ;:E P E——— } 11 N — g
s iRl ;
2 1 -5 £ =
P o FB I i
§ 10 —E § _:
200 400 600 80D 1000 1200 1400 1600 600 800 1000 1200 1400 1600 1B00 2000
m,, [GeV] m,, [GeV]
2878 events (m,, > 200 GeV) 3 5066 events (m,, > 200 GeV)

Marce Delmastro Diphoven searches in ATLAS g
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Limit on f' ducml cross-section SPIN-0 ANALYSIS
= 1DE' T T T T L B R - = 'IITE' |'"I"'I"'I"'I""I"'I"'I"'la
E‘ - —— Obsenved Gl'.s Ilr'r1|t ATLAS Preliminary ;:—_' - —— Observed CL, limit ATLAS Preliminary 3
@ e[ v Expected CLlimit 5=13TeV, 32107 D @b oo Exeected CL, limit (s=13TeV,3.2f"
E E [ Expected = 10 rym,=1% E 3 E- [ Expected = 10 r/m,=2% 3
s - [ |Expected =2 Spin-0 selection y c - [_]Expected =20 Spin-0 selection .
= 10F E < 10F 3
E s ] E - 3
- R - — B | .
T 10 T 10
g F E - ] 3
=2 : ] = - b
S 3 % 3
& = 3 5‘_&} 3 E
a 5 ] = C ]

1D il s e s s by s By v sl e v el ww v By e s B valsswl 1':]_1 e e o b e g ba g ol e el e o b el o alesal
200 400 600 BOO 1000 1200 1400 1200 1800 200 400 600 BOO 1000 1200 1400 1200 1800
G GeV
» ™ (GeVl BI04 m,,E?>03m, m, [GeV]
E T r I LI I I T 5T I TrTr I LI I LN I | I T rFT I LI ) I LELEL I m = { .'F + L I L I L I rTrr Ii
= E: —— Observed CL, Imit  ATLAS Preliminary ? S s e ATLAS Preliminary 3
% 10° [ - Expected CL, limit {8=13TeV, 321" My £ ﬂ:ﬁ i _ fs=13TeV, 32"
2 F [ Expected = 10 rJm,=6% 3 % E [ Expecied = 10 I/m, =10 % E
z F [ Jewpected =20 Spin-0 Selection 1 z [ [ Jexpected =20 Spin-0 selection 1
s 1DEE 3 sz 10°F 3
E - ] E - 3
- R - .| L -
g F 3 & OF 3
= X i =] X :
= —
S F 1 S F E
& F G @ F :
o - . o - .
1D-1 Y - I ol I | S I L1 I S - I Ll I | - I | I - I i I 10 1 i I L1 l il I ii_d I ik I i I Lk I. Al i I i _i_i l
200 400 600 BOO 1000 1200 1400 1800 1800 200 400 600 BOO 1000 1200 1400 1800 1800
Marco Delmastro My, Eﬁﬁﬁrﬁl« searches in ATLAS my [GeV]
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5

95% CL limits on oxBR{G*—yy) [fb] |

95% CL limits on axBR(G*—yy) [fb]

it

11]3?... g E'H]'E?' L B B L B -
F—— Observed CL, Iimit  ATLAS Preliminary 3 = F —— Observed CL, limt  ATLAS Preliminary 3
— 1
[ -~~~ Expected CL, limit fs=13TeV, 3.2’ ] T [ -~~~ Expected CL, limit fs=13TeV, 32" i
1wk Expecied = o Spin-2 Selection § ] ek Expactad = 1y Spin-2 Selection .
: Expecled =20 Gy k(=005 £ F Expected =20 Gryy, kiMp=0.10
C ] & X .
- - = e
L=
10E E 2 10p) E
] : E E .y ]
L . = L 4
- - - Q = A v n
2 k
uwn
i

on production cross secti

500 1000 1500 2000 2500 3000 3500
m,.. [GeV]
10:' é LI L] I LI L L] l L] LI | I ¥ LI L I L ) LI I LI LI} E
. —— Observed CL, Imit  ATLAS Preliminary 3

l||l||r|

]

=== Expected CL, limit

{s=13TeV, 3.21b"
Spin-2 Selection
G —yy, kIM,.=0.20

Expocted + o
Expocted + 2o

1 Illld

PRI BT S N S TR T T N T TR T N N SN TR
1500 2000 2500 3000 3500
M. [GeV]

N
1000

searche

953 CL limits on oxBR{G*—yy) [fb]

on SPIN-2 ANALYSIS

=== Expected CL, limit  {5=13 TeV, 3.2 fb”

S00 1000 1500 2000 2500 3000 3500
m,.. [GeV]
153?....|..............,....,....
F —— Observed CL_ limt ATLAS Preliminary

107
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Spin-2 Selection
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Compatibility with 8 TeV data

Ewvenls / 20 GaV

Data - fitted background

Marco Delmastro

8 TeV data re-analyzed: latest Run | Yy calibration + same Run | selections + |3 TeV analysis methods

SPIN-0 ANALYSIS

ATLAS Preliminary

10*

T PP P ||||||||||||l||||"-_|_|.|||l||| prond ol v od ol |||||,|;

*  Data
i = Background-cnly fit
10 Spin-0 Selection

s=8TeV, 203"

III|T|T‘ III|'|T|'1 IIII|'|T1 TTIT

200 400 600 8O0 1000 1200 1400 1600 1800
m,, [GeV]
|.9 o at my, = 750 GeV , [,/m, = 6%
Compatibility with 13 TeV scalar
¥ gg (scaling: 4.7) = compatibility: |.2 o
¥ qq (scaling: 2.7) -* compatibility: 2.1 o

Evanls /20 GeV

Drata - fitked backgraund

SPIN-2 ANALYSIS

10° k-

10°

I|||I'I'I'I'1 ||||I'I" ||||I'I'I'| T11

I L I L] I BB L

ATLAS Preliminary

Data
= Background-anly fit
Spin-2 Selection
fs=8TeV, 203"

1000 1200 1400 1600 1800 2000
m,, [GeV]

Mo significant excess
Compatibility with 13 TeV graviton

v gg = compatibility: 2.7 o
¥ qq - compatibility: 3.3 o

Dipharan searches in ATLAS
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LHC Pagel Fill: 4783 E 6500 GeVY t(SB): 00:00:00 10-04-16 12:22:38

BEAM SETUP: ADJUST

6500 GeV I(B1): 5.97e+10 I(B2): 7.55e+10

Inst. Lumi [(ub.s)A-1] IP1:  0.03 IP2: -0.00 IPS:  0.04 IP8:  0.00

FBCT Intensity and Beam Energy Updated: 12:22:38

)
15,
=
&
-
=

BIS status and SMP flags
Comments (10-Apr-2016 11:53:39) Link Status of Beam Permits
TCT algingment completed Global Beam Permit
) Setup Beam
aperture measurement om-goinhg
Beam Presence
Moveable Devices Allowed In

Stable Beams

(killing nominal bunches)

AFS5: Single_7b_1_1_1_shifted_wp PM 5tatus Bl ENABLED N -\ NI 0 ENABLED
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* Looking forward to the rest of this year...
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