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Uncharted discoveries?
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Many unanswered questions....

Why there are 3 families of
particles! Are there more! Why is the top quark so heavy?

Why there’s t
more matter : Are there
then anti- more forces!?
matter?
How do
neutrinos get
!
mass!? What keeps
the Higgs mass
so small?
How do we What is

incorporate gravity? Dark Matter?



... aS many possible answers to probe!

¢ Super-symmetry?
Standard particles

. Quarks . Leptons . Force particles Squarks

® Composite quark and/or leptons!?
® New Heavy bosons!?

® Gravitons!?

® Dark Matter particles?

o Sleptons

SUSY particles

SUSY f
@ susy o

r-------

I ..m
E. I

lAny new theory
| need to agree
I with the SM!
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How would hew phenomena manifest?

New particles: New interactions: New particles and states:

resonant excess (bump) over Standard Model background ~ more central production (~Rutherford experiment)  larger multiplicity of objects at high masses

Number of events

1 Normalized number of events 'y

Signal
Signal -

/

Number of events

&

Background

Background Background

k4

L 2

Mass of dl-—] et system Angle between two jets Energy of the system (visible/invisible)

(—new particle mass)



Long list of models and signatures

Many extensions of the SM have been

developed over the ‘
= —
=

Supersymmetry —

S
. . N
Extra-Dimensions o

N

Technicolor(s)

GUT
Hidden Valley
Leptoquarks
Compositeness "
4™ generation (t', b")
LRSM, heavy neutrino
etc...

(for illustration only)

1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...



Long list of models and signatures

Many extensions of the SM have bee
developed over the pw%
Supersymmetry1 — =

Extra-Dimensions

Hidden Valleys,
Leptoquarks
Compositeness
4" generation (t', b')
LRSM, heavy neutrino /
etc...

(for illustration only)

1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...

A complex 2D
problem

Experimentally,
a signature
standpoint
makes a lot of
sense:

- Practical

- Less model-
dependent

- |mportant to
cover every
possible
signature



ATLAS SUSY Searches* - 95% CL Lower Limits

Status: July 2015

ATLAS Preliminary

\/§=7,8TeV

Model ey Jets E™S [Laqm) Mass limit Reference
T
MSUGRA/CMSSM 0-3e.p/1-27 210jots/3b Yes 203 migl-m(z|
. G-al) 0 26jels  Yos 203 mi1-0GeV.
3§, G—qt\ compressed) menafet  1-3jels  Yes 203 migl-mity)<1
44 ‘7—’4(11'(\'[\"’)?,) 2ep(oft-Z) 2jels  Yes 203 mii! -0 GeV
8. 344 0 2Gjets  Yes 203 it
2z, 3-quk; -.qqum” Odeu  28jels  Yes 20
28, B—qq( L[ Ivivw)Ey 2. 0 jets . 20
GMSB (Z N_SP) 12r+01( 02jots Yes 20.3
GGM (bino NLSP) 2y - Yes 203 €T(NLSP)=0.1
GGM (higgsino-bino NLSP) ¥ 16 Yoo = 203 mi#!)<000C
GGM (higgsino-bino NLSP) ¥ 2lels  Yas 203
GGM (higgsine NLSP) 2e.u(?) 2 jets Yos 203
Gravitino LSP 0 mono-jet  Yes 203
27, 3bbi 0 ab  vee 2041 |@ mii?|<400GeV
37 30 () 7-10jets  yae 203 mit!| =350 GeV
28, 3 0-1ep 3b Yes 201 mii!|<400G
L ag, B—biV] N1 sy ab Yos 20.1 m{il|<300Gov
- b.b, b.-,hf«‘, 0 26 Yes 201 mit?]<90GeV
= by, bt 26,p(SS) 086 Yes 203 mift)=2 m@t”g) P
i r.t. ; r,—.b& 1-2e 126 Yog 4.7/20.3 mitt) « 2m(X)), m(V}).55 ]
A n—»Wb\ o &t)’ 0-2¢.p 0-2jets1-2b Yas 203 m}r: |=1GoV > 3rd gen .
AifL, B—ek) 0 monc-jet/-lag Yes 203 mii,)-miF! ) <B5Gav
f17) {natural GMSB) 2e.u(2) 1h Yes 203 |a m(x;z;xsoeev Sq uarks
hify. 61t -7 Seaul?) 1h Yas 203 miit <200 Gav
hrliz, i) 2e.p o Yee 203 mit <0 GeV | 1403 5294
2, X1 ,,vs T l9) et 0 Yos 203 miF! -0 GeV, mi7, o0 S{m(i
X. r X =) 2r = Yos 203 m(i’|=0 GeV, m(, 9=1.5(m
T _.Z‘L.;I'L((w) vy L) Beu 0 Yes 203 A =m(ES ), m(E] |=0, mif. v=15(m .
‘ 23eu  O02jels  Yes 203 =), miE) EW direct }
-.u A) h—bb/WW/rtjyy €Y 02b Yes 203 mETi=m(E), miE)
Mﬁ ¥oa lut depu 0 Yes 203 A Ymi¥’ ). i =0, miE. 71=0 5
GGM (wino NLSP) weak prod. Teu+y 2 Yes 203 er<imm T
Direct ¥17, prod., long-lived ¥7 Disapp. trk 1 jet Yes 203 miiT A )~ 160 May, .
Direct V14| prod,, longlived V7 dEidx trk . Yes 184 ML mET )~ 160 Me\,
- Stable, stopped § R-hadron 0 1Sjets  Yes 279 mit’ =100 GeV, 10
- Stable g R- nadron rk = - 16.1 o [ 6
GMSB, stable & 1}z fwrte.) 124 - = a8 T0aangeso LOng-llved
GMSE.. ) -G longived 1! 2y - Yos 203 2r(¥])<3 ne, SPSE
£8. & —veevlopy/ppr cispl. eefepjpup - = 203 7 (¥} )< T4A0 mm, m
GGM g, ¥)—7Z6 cispl. vix +jets - 2 203 & <c7(F))< 480 mm. m
LFV pp—v, + X, Vo—epferfur et ~ » 20.3 A4, =010 Aiyap0a2=0.07 l 1503.04430
anear RPVCMSSM 2e,p(SS) 03H Yo 203 Mi|=mig], Tpspet 1 o
|X| ,,l'l —wi )l — BT OV, de.p = Yos 203 m(f',’]:-Oi’xm(Ff), 6
A ._;WF&,,Y,—»m erv;  SEUFT % Yes 203 miEL >0 2xm(ey ), 6
xx. &§9aq 0 67jets - 20.3 BR()-BR(#)=B R PV 605
28, 3—471 X1 = qqq ) 67jets - 203 miE =600 605
] —'ba 2ep(SS) 04856 Yes 203 50
L, ty—bs o] 2jets +2H - 20.3 2015-026
A Fi—bl 201 25 - 203 BR(f) b/ >20% ATLAS CONF-2016.016
Scalar charm, e—sci| 0 2c Yes 203 mii<200Gav 1501.01325
1 1 L 1 1
1671 4 Mass scale [TeV]



ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Prelimina

Sk JAY 1D JLdt=(47-203) b Vs=7,8Te
Model Ly Jets ET [raym] Limit Reference
——— - —

ADD Ggy +g/q = z1j Yes 203 n=2 150201518

ADD non-resonant €2 20,4 - - 20.3 n=—3HZ 14072410

ADD QBH — g 1eu 1§ - 203 n=6

ADD QBH - 2i - 203 P

ADD BH high Ny 2p(S8) - - 20.3 =6, M =3 TeV, non-rot

ADD BH high ¥ pr >lep >2j - 2013 =6, Mo — 3 TeV. noneot

ADD BH high muftiist = >2j - 203

RS G — € 2en - - 203

RS1 Guw — 7y 2y = = 203

Bulk RS Gy — ZZ — qqtt 2eyu 2j/1d - 20.3

Bulk RS Gyx — WW — gqly teu 2j/1J Yes 203

Bulk RS Gy — HiH — bbbb - 4b - 195 | Gex mass 0500285

Bulk RS gyx — tt leu 21b 2142 yes 203 1505.07018

2UED/RPP 2c,u(SS) 21b,21] Yes 203 1504.04505

SSMZ' — i 2eu - - 203

SSMZ — v 2r - > 195

SSMw o jex - e =3 Gauge

EGM W’ — WZ — Ev i’ 3e.p - Yes 203

EGM W’ - WZ — gqft 2e.u 2j/1J = 20.3

ECGM W' . WZ — q99q - 2] - 203 bosons

HVT W' — WH — fvbb len 2b Yes 203 ev=1

LRSM W — tb teuy 2b01] Yae 203

LRSM W, — tb Oeu =21b14 -~ 20.3

Clgq99 - z] = 173 e =-1

Clggét 2eu - - 203

Gl vzt 2e,u(SS) 210,21 Yes 203

EFT D5 operator (Dirac) Oe.n z1j Yes 203 Dal’k Matter 150201518

EFT D9 operater (Dirac) Oeu 1J4x<1] Yes 203 1208.4017

sawmi:gm 2e z2j - 203 lﬂ=l

Scalar LQ 2™ gen 2u 22j - 203

Scaler LQ 3™ gen lex  21b,23] Yes 203 .}1 Lepto

VIQTT - Ht+ X Teuy 220,23] Yes 203 .B) doublet

VIQ YY - Wh+ X leu >1b2>3] Yo 203 Heavy 8.Y) doublet Quarks

VIQBB - Hb+ X 1eu 22b23) Yes 203 bin singlat

VIQ B8 - Zb+ X 2>3en 321b - 203 Quarks 5.Y) doublet o

Tos - We 1eua 21b25] Yes 203

Excited quark ¢* — gy 1y 1j = 203 & and o .

Excited quark ¢* - gs = 2§ - 203 only & and d EXCIted

Excited quark b” — Wt for2en1b2jortj Yas 4.7 lef-handed 5

Excited lepton £ — £y 2e.p,1y - - 13.0 A-2

Excited lepton v* — W vZ et = = 203 A=M< fermlons

LSTCay = Wy lep 1y - Yos 203 \

LRSM Majorana v 2ep 2] - 203 ={ W) = 2.4 TeV, no muing 1505 06020

HIQgs triplet H*= — &£ 2EulSS) = — 203 O DIogucHon, BR(H — L)1 14120237

Higgs Iriplet H** — & 3ept — = 203 O production, BR(H;™ = £7)=1 1411.2921

m(nmm Teu b Yes 203 Secr—m = 0.2 1410.5404
i-charged pariicles - - - 203 D¥ production, qf = Se 150404188

Magnetic monopoles - = = 7.0 OF production, (gl ~ lgo, spin 1/2 Prelminary

PP PRI P S gsuy

_ - 0" 1' Mass scale [TeV]
*Oniy a selection of the available mass limite on new states or phenomena is shown.

16 1 TeV 10 TeV




ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 J:C dt = (18.4-20.3) fo! Vs =8TeV
Model Signature  [£di[f') Lifetime limit Reference
APV — eeviowia  Gapicedioponpsr 203 |/ $ 0909090909090 |00 r@-13e)-10%Y  1soose
GGM Y — 28 displacad vix + jets  20.3 m{g) = 1.1 TaV. m(x2) = 1.0 TeV| 1504.05162
AMSB pp - xix%.xix;  dsappearingtack 203 m{y}) = 450 GeV 1310.3675
AMSB pp - xixl.xx;  large pixel cE/dx 18.4 m(y}) = 450 GeV 1506.05332
GMSB non-pointing or delayed v  20.3 SPS8 with A = 200 TaV 1409.5542
Stoalth SUSY 2 ID/MS verticos 19.5 m(§) = 500 GeV 150403634
Hidden Valley H — xyn, 2 low-EMF trackless jets 203 m{x,) = 25 GeV 1501.04020
Hidden Valley H — =7, 2 ID/MS vertices 185 | = lfetime m(x,) = 25 GeV 1504.03634
FRVZ H —2yy + X 2 &=, -, a=jots 203 | 74 tstime — 2y4 + X, m{yg) = 400 MeV 14090746
FRVZ H —» 8y + X 2e-pu-x-jots 203 |y elime 10 m v| 1400076
Hidden Valley H —» =z, 2 low-EMF trackless jets  20.3 | =, ietime . 0ss0m m{z.) = 25 GeV 1501.04020
Hidden Valley H = a,m, 2 IDMMS vertices 195 | xy Hetime m{x,) = 25 GeV 1504.03634
FRVZH — 4yy + X 2e- u-,x-jets 203 | yq ffetime H = 4y; + X, m{y;) = 400 MeV 1408.0746
| Hidden Valley ® —» x,x, 2low-EMF vackiessjots  20.3 | . letime Pa s —— T oxBR = 1 gb, m(x,) = 50 GV 1501.04020
Hidden Valley ® —» xux, 2 ID/MS vertices 195 | =, etime 8R =1 pb, m(x.) = 50 GeV 1504,03634
Hidden Valley ® — m.z, 2low-EMF trackless jets 20.3 | =, lfatime @xBR ~ 1 pb, m(x,) = 50 GeV 1501.04020
Hidden Valley ® - x.x, 2 ID/MS vertices 195 | =, lfetime oxBR = 1 pb, m(x,) = 50 GeV 1504.03634
HV 2'(1 TeV) — qugv 2 ID/MS vertices 203 | =, lfetime oxBR = 1 gb, m(xy) = 50 GeV 1504.03634
HY Z'[2TeV) = a.a. ZIDMS verticos 203 x.nm:w xBR = 100, m(x,) = 50 GeV 150403634
0.01 0.1 1 10 100 cT [m]

‘Only a selection of the avallable lifetime limits on new states /s shown



ATLAS dark matter search

3 . F ATLAS 20316 ys~8TeV | —e—Data ' ]

u W+ g 2505 SR: E?lss>350r G_;'\?_I ) 5}}?&5‘1} +et -
£ 200 | = i, E

g - 77 urlnc':?toa?nty ]

pé - 150~ —1__ —_— g5zu=<_1d)}x1oo —

— == D5(u=-d) x1 ]

E T I

50 =

d X ‘go_ 60 70 80 90 100 110 120

mjet [GBV]

T L L T 1 LI LI T T | T T T I T T T | T T T I T T
—e— Observed 95% CL  gR: E:"“ - 350 GeV
==== Expected 95% CL
[ Expected+ 1o

Expected+ 2 ¢

¢ Pair production of WIMPs plus W or
Z bosons decaying and reconstructed
as a single massive jet in association
with large missing transverse
momentum from the undetected

WIMPS particles

®  The interaction is unknown...

v" But this doesn’t stop the search!
- L my, [GeV]

o(W/ZH— WiZinv) /o, o (WIZH)

;I ATLAS 203fb 'Iu'_ 8Te
120 140 180 180 200 220 240 280 280 300

O o N W e OO N O ©
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Events

Data/Expected

New heavy W and Z like particles

These searches are quite straight-forward, following basically the same
analyses as for the familiar W and Z bosons

Z’: Di-lepton pairs

10 ——r
i ;rus azr
— 00 B 7op quark
10° _[Ldt: 203"
10* \s=8TeV

— T
¢ Data 2012

([0ijet & W+lets
(ODiboson

77 SSM (1.5 TeV)
(JZ SSM (25 TeV)

5 T

14 * y et

1'21 ol 2T A VS dlhl |I

T oo e >

06 =

0.08 0.1 02 03 0405 1 3 4
Mee [TEV]

Phys. Rev. D 90 (2014) 052005

W’: Lepton + ETmiss

19.7 fo' (8 TeV)
o O SR T NN MRS T
010 cMS __SSMW —ev, BWw-oerv
0104 e + E™ M = 2000 GeV Bt + single t
v __HNC Cl— ev, B aco
\103 A = 4000 GeV .y+jets
B2 DM,A =200GeV, [ Jovy
c10? M, = 300 GeV [l Diboson
0>) —+- Data
L 10 [553 Syst. uncer.
1
10"
102
1o
10
500 1000 1500 20 2500
M, (GeV)

arXiv:1408.2745v1[hep-ex] sub. to Phys. Rev. D
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New particles decaying into two photons

G v 9 G
Example for a search of >{£: :%ﬁ:
extra dimension signals a

(Kaluza-Klein Graviton in
the Randall-Sundrum and Arkani-Hamed, Dimopoulos and Dvali models)

C LE | b
’_a z - C EER [ o e DL B | R R0
3 10° '[ Ldt=491b' ﬁ i ATLAS — Observed limit |
C - 1 -
o < \s=7TeV = - --- Expected limit
g 10° ., § 1 s =7TeV B Expected + 1673
Control region = F G— ee/pp/ vy Expected + 26 3
10 S F -3/, =01
~e-2011 dala 1 " kM, =005 ]
1 [ Total Background G 10 — /M, =0.03 =
10" i "iReducible Background ';3 g — /M, = 0.01 i
) syst @ stat (total) o - "":.I. Lat=491" ]
10 syst @ stat (reducible)
s [TIRS, &/, = 0.1,m, =1.5TeV 102 Wij Ldt=5.01" 3
107 E = ]
= [CJADD. GRW, i, = 2.5 TeV : : w:j Ldt=491" -
1
[0 H " i
:'g 0 E A A 1 ' s A ' l A A A " 'S ' A A A " A - ' ' ' E
i< : : SR my; ['re
2] 200 300 400 1000 2000 30C

my, [GeV]

New J Phys 15 (2013) 043007
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LHC Run 2

Hugely increased potential for discovery of heavy particles at 13 TeV

Perfect occasion for young motivated physicists: join the search!

Minimum bias

ZZ

WH

t (s-channel)

H (ggF)

H (VBF)

t (t-channel)

tt

ttH

stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV)
gluino pair (2.5 TeV)
Z' SSM (3 TeV)

Q" (4 Tev)

QBH (6 TeV)

Cross section ratios: 14 (13) TeV/ 8 TeV

1.2
2.1
2.1
2.2
2.6 And: pp — H*(500) + X: 14 TeV/8 TeV ~ 7
2.6
2.8
3.9
4.7
11 (for 13 TeV /B TeV: 8.4)
16 (for 13TéVJBTeV:12}
Ti (for 13 TeV / 8 TeV: 46)
: 5700 (13/8:2700)
13
87
, : . J 12000
rrt rrt e : ——rr R —
10 100 1000 10000 100000
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Summarizing 2015 for ATLAS

- ATLAS Online Luminosity /s =13 Tev
5 [ LHC Delivered

" [] ATLAS Recorded
4T Total Deliverec: 4.21 fo°
- Total Recorded: 3.87 fo'
3
ol

Total Integrated Luminosity [fb™]

D' TR R el B R
24/05 21/06 19/07 16/08 13/09 1110 0811
Day in 2015

important to understand
background control regions

but also essential to keep “eyes
wide open” for possible signals

15



W, Z cross-section at 13 TeV

O X Br(W— 1v) [nb]

ZIv* (pp)
— ZI7* (pP)

o’
o
.
.
-
.

68% CL ellipse area

—
>
@
T
%
©
1] | @ Data
= . B R, PDG average
X gosi- I R, PDG average

* Standard Model

E ATLAS/CMSW— v~ =aamam W (pp) o) ® ATLAS Ziy*— i
L ATLAS /CMS W' ['v Y B i
(pP) = O cMs  zZiy*- 1
L ATLAS/CMSW > Iv . w ) =
COF Wos (lfe) v (PP) —~ 1= ®/O CDF Z/y*— eeluy
== DOWS (eluyy - - W D0 Zy-ee
E UAT W 1 T - ® UAT Zifsee
- UAZWo ev . . - O UA1 Ziy'>
B Phenix W' (/e )y _ g@l” o et N - Y UR2
~ Lot 7 ~— L
- e Lt m ,,,,,
E X 401 o
L - * =
C g [ 5
_ s b M
N ATLAS e g
L 13 TeV, 81 pb™
C CT14NNLO P
L 107°
b‘ 1 1 1 1 | 1 1 1 1 1 1 1 1 | = 1 I
1 10 1
(s [TeV]
;‘ T T | T T | T T T T T |
1 - ATLAS ]
S L 13 TeV, 81 pb” .

Ll
0.85 0.9

Ll
0.95 1 1.05

RZ =0z e / Oz TNy

ATLAS
13 TeV, 81 pb™
CT14NNLO
1 1 1 1 1 1 1 I
10
|'s [TeV]
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Glimpse at the Higgs in the discovery channels

Mass taken to be ATLAS-CMS Combined value (PRL 114, 191803): m, =125.09 +0.24 GeV

ATLAS-CONF-2015-060

Diphoton Channel 818008 ATLAS Preliminary  pphoyy E
1600 = —
. . . = 1s=13TeV, 321" 3
Fully inclusive analysis £ ook E
= = 1 GelV —
- Photon ET thresholds: 0.25 m,, and 0.35 m,, 5100{] z_ m,, = 125.09 Ge —i
- Track and Calorimeter based isolation criteria 800 —
- Simple fit function for background estimate B00E e data =
. . 400 — — b fi -
- Number of candidate events fitted: zgg E .. f,;ckg:,und, b E
+ - ; | [ | [ | [ | [ | :_
113 + 74 (stat) +43/-25 (syst) 2100 £ ; E
[i] E E
e s . % 0 .
Sensitivity to SM Higgs: 1.90 (Observed 1.50) Siod 1 E
110 115 120 125 130 135 140 145 150 ‘1[%5 \}?D
Myy 1\9€
ATLAS-CONF-2015-059
Four Iepton channel } 16 _'| TT l'l Trrr | TT ||f'| TT [l TTrT TTT Ilf ||f| TT [ IIT_'I ; 1“0_ T I T T I' lI Ll T I p— |
3 - ATLAS Preliminary .* f0® s oy | 2 - ATLAS Preliminary 1 door
Fully Inclusive analysis w 14005720 5 4 -z 15 [Roz -4 Ao ]
o [ i3 Tev 521 B Zejets, it 1 & 13 Tev, 321 WHiggs (m, = 125 GeV) | —0.06
- Electron pT thresholds: 6, 10, 15, 20 GeV g 12 - s S Untarimty ] E 80 110<m, <140Gev [z, zejers. vwv
- Muon pT thresholds: 7, 10, 15, 20 GeV o 100 E L { —[0.06
0 . L _
- Irreducible background (Z7) from MC H 1 60 ™
- Reducible from CRs (from Isolation and IP) 8:_ ! E EEEEEERE '
- Nb of candidates in [120,130] GeV: 4 6 ] g ies 4 o038
. i a0 DLl —
- From fit: al ] 0= g - g 0.02
: ] Lo iiiEERL
1.0 +2.3/-1.5 ol i RS PR i 1 —0.01
C ht 201~ : ::::::i.'.::'. y
g m - . U L L 1 (%t - gl .- ] —p
Sensitivity to SM Higgs: 2.80 80 90 100 110 120 130 140 150 160 17( 60 80 100
(Observed 0.70) m, [GeV] m,, [GeV]



Early searches for New Phenomena

100 ———

10

luminosity ratio

0.1

WJs2012

- : —
- ratios of LHC parton luminosities:
- 13 TeV/8TeV,7 TeV/8TeV

- 2qq
- ag

—9g9

——"
—

e

| MSTW2008NLO
N R |

100

Ratio of 13 TeV / 8 TeV
Cross sections:

Z'at 3 TeV:
q* at4 TeV:

QBH at 5TeV:
QBH at 6 TeV:

20
56
370
9000
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Dijet Resonant Searches

1512.01530

e Sensitive to Quantum Black Holes, Excited

quarks, W’, Z’

(73] Il | | Il | I
E ATLAS
310 \s=13 TeV, 3.6 b
« Data
10* h — Background fit
— BumpHunter interval E
.o-q",m_ =4.0TeV .
10°E - QBH (BM), m = 6.5 TeV—
u q', ox3 oy o
10 QBH (BM) o
2 p-value = 0.67 j “ﬂ?g
- Fit Range: 1.1 - 7.1 TeV | 3
1= V| < 0.8 I
= I T | I | I IIIIIIIII|IIIIIIIII|IIIIIIIII|III hh'?l’
3 zi ! | L L R R
éf. oL
58
[l =] — :
1= I T
9| E 1 JES Uncertainty B | :
B o f
S 14
| il e v e e lavs s leeriiennalivinie il
— 2 3 4 5 6 7
||:_=|1<3EI§V.3.91|:" i mli lTeV]
—— Faim. = 015

= '||:|5 T 13 T T T T T |
£ aTLAS™: - gen @ _..Z'(030) |
& 1:_'-S=13-1-|—E"u|' ~;:__ _QBH (RS) . _
- 36fb : . 1
[ y*| < 0.8 2
10k
104 ’ i
—— Observed 85% CL upper limit
[ Run-1 o v Expected 95% CL uppsr limit | -
- 4, . e 68% and 95% bands 1
R - ! e
ﬁ 102_1‘ I | I —
T * w1l -
b -4 -
L3
1 1

No significant excess found

Massz [Tel]

Limits on QBH reaching 8 TeV

Mass [TaV|
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Mass of this event: 7.7 Tera-electron volt

ATLAS
A EXPERIMENT
http://atlas.ch

Run: 280673

Event: 1273922482 Di-jet Even t

2015709729 15:32:53 cEST Highest Mass Central Dijet
pT,=pT,=3.2TeV

m,=6.9 TeV

MET =46 GeV




Dijet Angular Searches

Vs=13TeV, 3.6 fb

Search in dijet mass bins using angular distribution

yy  1+cosf*
=€ ~N—_—

x 1-cos@*

1512.01530

Search for distortions of the dijet
angular distribution from Contact
Interactions of particles at much higher
masses O(A) with color-singlet left-
handed chiral couplings (in 4-fermion
effective field theory)

L |I+||.|J]
T |rlrr'|'|

ATLAS

e Data —SM
Clin, =+1,A=12TeV

1 wClim, = -1,A=17TeV

-+ QBH (QBH), M,,= 8.0 TeV

[JTheoretical uncertainties
7 M Total uncertainties

46<m <54TeV -

T T T Ill‘ll T
4.D<n1“<4.6 TeV

1 31<m <34TeV |
W

+ .'r.'-'r'”'] +
28<m <3.1TeV E

——
2.5«::rnij<2.8 TeV

|
t

2 3456 1

1 2 3456 10 20,30

No deviations observed, limits set at
12 TeVon A (form, =1)

Z1




Dilepton Resonances (LFC and LFV)

ATLAS-CONF-2015-070

Search for Z’ in dilepton (LFC) and (LFV) (in eu decays)
Main background DY is taken from MC

ATLAS-CONF-2015-072

Top and diboson extrapolated at very high masses using a functional form

Background from MC except for MJ in dielectron uses Matrix method (based on electron ID)

Events

T
ATLAS Preliminary ¢ Data
V==13TeV, 32" —zn
Dilepton Search Selection [l Top Quarks
[ Dibesen
[ Multi-Jet & WJets
—_— (3 TeV)
—— A =20 TeV

ee

Events

Data/ Bkg

| __L_;_'m Al |

I T
ATLAS Preliminary 4 Data
V==13TeV, 32" —2n
Dilepton Search Selection [l Top Quarks

[ Dikesen

— 7,3 TeV)
— A =20 TsaV

¥

pu

Y g

\

100 200 300 400 100

2000 2000
Diglactron Invariant Mass [Ga]

Highest di-electron
mass event at 1.8 TeV

e AT 1 )

100 200 300 400 1000 2000 2000
Dimwon Inmadant Mass [GaV)

Highest di-muon mass
eventat 1.4 TeV

No Excess found !

95% CL Limit on SSM Z’ at 3.4 TeV (2.9 TeV from Run-1)

ATLAS Preliminary e  Data
\s=13TeV, 3.2 b

OBH RS 2 TeV
1 Systemalics

e
- il B,
L " l PRSTR S—ra—|
e ?“‘ 'S +- ki
s S A
200 300 400 500 5060 3000
M, [GeV]

Highest epn mass event
at 2.1 TeV

95% CL Limit on SSM
LFV Z’ at 3.0 TeV (2.5 Tev

from Run-1) 39




ATLAS

EXPERIMENT

Run: 280319

Event: 472098394
2015-09-25 16:25:21 CEST
Z' to 2e candidate Event

Di-Electron Event

High Mass Dielectron
ET,=370 GeV ET, =246 GeV

m,. =18 TeV




Search for Resonant Lepton-MET

ATLAS-CONF-2015-063

Search for W’ in lepton-MET final states

[151 T T T T LI | T T T T [15) T
g o ATLAS Preliminary — W' (2 TeV) = Data g 107 L ATLAS Preliminary — W (2 TeV) = Dala
T \s=13TeV, 3.3 fb" — W (3 TeV) Ef w \s=13TeV, 3.3 " — W (3 TeV) E:}'
' i — W’ (4 TeV) op . ; — W (3 TeV) op
W' — ev selection [ Multijet 105 &= W' — uv selection Oz
[C]pibeseon

10t
Oz
[Jpiboson 10*

] Multijet

2 2
& &
fa O 08
| 0.6 I
200 300 1000 2000 200 300 1000 2000
Transverse mass [GeV] Transverse mass [GeV]
Highest electron-MET Highest muon-MET mass
mass event at 1.95 TeV event at 2.2 TeV
| J
|

No Excess found !
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95%CL Limit on SSM W’ at 4.1 TeV (3.2 TeV at Run-1)




Fully hadronic JJ Diboson Searches

ATLAS-CONF-2015-073 Run-1
E " ;.ﬂTLdSI | :g:::: nd ﬂdll ?
- Modest excess at Run-1: 3.4c local / 2.50 global 8 e BTev i e W e 1
£ SaTOVEGMW o1 7
2 102 Significance (stat)
. . . . . . u B Significance (stat + syst)
- Analysis very similar to Run 1, with functional fit S
10

of the background

-+
| IIIIIII| 11 IIIII| L1 IIIII|

- No significant excess is observed 10°
however sensitivity not high enough for conclusive
probe of the Run 1 excess

Significance

= 1{? T T T T T T = 'Il:'ll T T T T T T = '":’l T T T T T T -
3 ATLAS Preliminany —=— Data 2013 8 ATLAS Preliminary —=— Data 2013 {5" ATLAS Preliminary —=— Data 2013 3
2 102 {5=13TeV, 32" —— Fit bikg estimation S - {s=13Tev, 32" —— Fit bikg estimation b 1P Vs=13 TeV, 32" —— Fitbkg esfimation |
5 5 1 Fit exp. stats emor 5 Fit exp. stats emor ?
5 E 5 C WW selection 5 E WZ selection 3
& 10k & 10E o 10g E
1 B :— —:
E L3 e 1§ E
r - - -
L : —|_|_|_ - _|_|_|_
1ﬂ"g 1t 10 = 1 1
2F 2F = 2F
= [ — = S oE —.._— ——1 3 S ot [] 1 =1
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Search for Two Photons Resonance

latest Run | results

Search for scalar diphoton resonances Search for high-mass diphoton resonances
in the mass range 65-600 GeV : in pp collisions at /s = 8 TeV

with the ATLAS detector with the ATLAS detector
in pp collision data at /s = 8 TeV :

Phys. Rev. Lett. 113, 171801 Phys. Rev. D 92,032004 (2015)
"-— T | T T T I T | | = .-g- 105 'A.TLA'S T |
> ATLAS . 2 q0sf Ldt=203fb"
O 10° - 3 it
- = E B 10° e \s =8 TeV
£ - ] 102 )
RS = o
= = £ —Continuum-+H it (m, = 125 GeV)]
© - 600k~ Continuum componentof et { 1B = T background
10 = ns 120 125 130 135 - ---Reducible background
g = 107 syst @ stat (reducible)
= _ _ -1 ] syst @ stat (total)
1 _E_BTeV,det_20.3fb — : 10* ----RS, WMy =01,m,_=15TeV
= —e— Data 1, E : 107 --- RS, KMy =01, m_,=20TeV
- —— Continuum+H fit (m,, = 125 GeV) t ﬂ
1 __— Continuum+H fit (m,, = 250 GeV) 2
10 E— Corlﬂinuum+l-| fit (my = |500 GeV}l | | = E
100 200 300 400 500 600 700 "é
2

m,, [GeV] - 200 300 400 500 7000 2000 3000
: m,, [GeV]
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Events / 20 GeV

Data - fitted background

Search for Two Photons Resonance

latest Run Il results

SPIN-0 ANALYSIS

background-on!y f t
10 ET T T T T T T T L
= ATLAS Pr¢=.-llmlnaryr 3
e Data ]
10° E Background-only fit =
102 ;_ Spin-0 Selection _;
- Vs=13TeV,3.2fb" g
10 = =
1= -
107 =
- I —
JH#QM&; iidd L W
= |k

_1 0 L] i
fl \L \|r L P R R R RS R R

200 400 600 800 1000 1200 1400 1600
m,., [GeV]

2878 events (m,, > 200 GeV)

Events / 20 GeV

Data - fitted background

SPIN-2 ANALYSIS

background—only fit
104§ T T L L L L L BN BRI
= ATLAS Preli =
= re |m|nary e Data 3
10° = = Background-only fit _§
162 :E Spin-2 Selection E:
- \s=13TeV, 321" e
10 E
1= =
107 =

15
10
5

0
-5

A

III|IIII IIII|IIII|IIIIJ+_)|'P

200 400 600 800 1000 1200 1400 1600

5066 events (m,, > 200 GeV)

1800 2000
m,, [GeV]
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Search for Two Photons Resonance

latest Run Il results

SPIN-0 ANALYSIS SPIN-2 ANALYSIS

ATLAS Preliminary ATLAS Preliminary Vs =13TeV, 3.2 fo!

¥s=13TeV, 321" Spin-0 Selection
4

3.5

Spin-2 Selection
3.5

10 =
=

l“xfmx [%]

3
25
2

8

6

Local significance [o]

—
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|
2l
|

900 400 600 800 1000 1200 1400 1600
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Largest deviation from B-only hypothesis
v my ~ 750 GeV, [y ~ 45 GeV (6%)
v Local Z=3.9 O
v Global Z = 2.0 o
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e [ /my =[1%- 10%]
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0.2
| 2
0.15 I
0.1
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Largest deviation from B-only hypothesis
v mg ~ 750 GeV,k/Mp, ~ 0.2 (g ~ 6% mg)
v Local Z=3.6 O
v Global Z= 1.8 o
* my = [500 GeV — 3.5 TeV]
« K/M, =[0.01 —0.3]
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Search for Two Photons Resonance

latest Run Il results

S —
ATLAS Preliminary

¢ Dua vy peak around 750 GeV over flatland

§ 10°
~§ ~—— Background-only fit
i S i <5 ) CMS ATLAS
b 8TeV [(0.5+06)fb (0.4+0.8)fb
‘ + H 13 TeV (6 +3)fb (10+3)fb
MS Preliminary 261" (13 TeV)

2 3 Theoretically clean.
§ o N ‘l y Experimentally simple.
w20 | '“"'I'mull l E ATLAS prefers large width ' /M ~ 0.06.
o AR . o CMS prefers narrow width.
b S i e ~~ not accompanied by hard extras.
307 4x107 5x10° 10’ my(Gze(:lc;’
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What it could be?

y
= g }’ LS bé‘\ o ..E
’j,‘l\ Q AN ’t\}\ P > ! m"/L
ok 2 5 N {f v
5 Y \ DM

The Gold Rush: [INSPIRES][list]

Date | papers
16 Dec 10
25 Dec| 101

1 Jan 137

1 Feb 212
1 Mar 263

1 Apr 7

Could be also background fluctuation!
We will know by the end of this summer.



Data 2016

LHC Pagel Fill: 4861 E: 6499 GeV t(SB): 07:30:32 25-04-16 08:54:32

PROTON PHYSICS: STABLE BEAMS

6499 GeV I(B1): 1.09e+12 I(B2): 1.07e+12

Inst. Lumi [{ub.s)A-1] IP1: 23.58 IP2Z: 0.07 IP5: 24.57 IP8:

1.47

FBCT Intensity and Beam Energy Updated: 08:54:31 Instantaneous Luminosity Updated: 08:54:31

Intensity

Energy (GeV)
Luminosity / 130 am-2s5-1

22:00 00:00 02:00 04:00 06:00 08:00
22:00 00:00 0200 04:00 06:00 — ATLAS — AUCE — (M5 — LHOb

BIS status and SMP flags
Link Status of Beam Permits
Global Beam Permit
Setup Beam

Comments (25-Apr—-2016 05:39:58)

physics with 12b

Beam Presence
Moveable Devices Allowed In
Stable Beams

AFS: Multi_12b_8_8_8_4bpi_3inj_2500ns PM Status Bl ENABLED  [HEIEN TR Y ENABLED

o N §




Data 2016

Fill #: 4861 Energy: 6499 GeV
PROTON PHYSICS

25-Apr-2016 08:59:24

Accelerator Mode:

I(B1): 1.04e+12

Beam Mode:

I(B2): 1.06e+12
STABLE BEAMS
Multi_12b_8_8_8_4bpi_3inj_2500ns

6.5TeV_2016

Active Filling Scheme:

Active Hypercycle:

Beta*

Crossing Angle (urad)
Spectrometer Angle (urad)
Beam Separation (mm)

Expected Collisions per turn

BPTX: deltaT of IP (B1-B2)
Luminous size (X,¥) in um

Luminous size (2) in mm

Lumi Centroid (x,y) in um

Lumi Centroid () in mm

Luminous Tilt in urads

ATLAS
0.40 m

0(v)

.168(H)
8

ATLAS
0.09 ns

-999.0,-999.0
-899.0
-999.0,-999.0
-999.0

ALICE
10.03 m

200(V)
0(Vv)
28(H)
a8

ALICE
—0.01 ns

-999.0,-999.0
-999.0
-999.0,-999.0
-999.0

-999.00,-999.00 -999.00,-999.00

CMS
0.40 m

O(H)

.14¢V)
8

CMS
0.09 ns

51.1,54.6
33.7
-524.9,996.7
-8.7
122.73,-49.47

LHCb
3.00m

—-250(H)
O(H)
o(Vv)

8

LHCb
—-0.19 ns

40.4,40.3
40.8
810.6,-185.1
-5.5
20.25,-52.45




2016-04-25 09:08:17 CEST source:JiveXML_297170_197143071 run:297170 ev:197143071 lumiBlock:606 Atlantis
YX Projection YX Projection X Projection D

Gl

L5

0 X (cm) 50
LegoPlot Projection
Constant (1-1)
Height of tallest tower
Scaleto AOD: 1 CeV
Trigger Decision
Ll:passed L2:failed EF:failed

lLl—EtMiss: N/A L1-SumEt: N/A l

itemsf ---L2 items§ ---EF items
) FFILLED Y empty empty




Data 2016

Sunday 23:35 — Monday 09:56

| LHC summary vs. LB for run_297041

Aun Guesy H016-04-25 10:25:31

| Online lumi [ATLAS_PREFERRED] per LB for run 257170 |

" T€4.3 nb-1 (all LBs) and 745.5 nb-1 {stable
T T T T T

A R AATARRAPREARARARRARANRARAR: "I o = HARAMS NS
Run 29170 Ry “rmew wmeesee 5
Stable Lumi  750nb-1 i. N =
Peak mu 26 : :
’ l.u'rinuui'r,hhclrlunwn
Saturday 2339 - Sunday 09:39 [LHC summary vs. LB for run_297170 | | Qrlime kimé [ATLAS_PREFERRED) per LB far run 207041 |
Run 297041 <t . f
z . E
Stable Lumi  600nb-1 ! .
Peak mu 20 : :
Luminosity block number ’
Run 296942 Stable Lumi  50nb-1 Total Lumi ~1.4pb?
Peak mu 19 i A 7 kW d 0.6-0.8 kZ
Run 296939  Stable Lumi  65nb-1 I-€. APProx. and ©.5-u.
Peak mu 16 (for each flavor e and mu)
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Quiet Beams

Apr \

First Stable Beams

Scrubbing Floating: 1 early-ish fill of
May

high-mu running June
Wk 14 | 15 |Naie 17/ 18 19 20 A | a2 23 24 25 26
Mo 4 1 1a & 2 g| Whit ¢ 23 30 8 13
Tu : —
We \ 151
Th ommissioning Sranalon S

with beam ——\-
= MD 1 .
Sa / l Intensity ramp-up
su I 15t May l swlbm .. requllfed . \
I ] Proposed ~1 day

Collisions during TCT setup

CMS Solenoid ready

|

Operational development for
2.5km B*

Stay tuned for more news during

summer conferences




