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Large Hadron Collider (LHC)

: S pp, B-Physics,
B el RS - g ' . ,. - = " ?,_. -..,.Z~ - CP VlOlatlon _‘- ‘, .? - o General Purpose,
LHC: 27 kmlong E SO B i pp, heavy ions
100m unqlergroun ~ U ATLAS -

= ey *Runl operation (2010-2012):
e e —  «/s=7,8TeV
«Run2 operation (2015, 2016):
Vs =13 TeV



ATLAS Experiment ,
* Weight: 7000 ton

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter (same as Eiffel tower)

* Length = ~46 m

/] A,‘

' s Height=~25m

agnets ;

*Solenoid : 2 T
*Toroid (barrel) : 0.5 T
*Toroid (endcap) : 1 T

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

*Tracker : o(p)/p1=~0.05% p; ® 1% *Muon Spectrometer
*EM calorimeter : o(E)/E = 10%/VE @ 0.7% * o(p)/pr=2% @ 50 GeV
Had calorimeter : 6(E)/E = 50%/VE ® 3% * o(pp)/pr=10% @ 1 TeV



LHC and ATLAS Upgrades

LHC

e L~1.6%10%* cm2s?
* Integral L ~ 100-150 fbl

*Lupto3*103* cm2s?
* Integral L ~ 300 fb!

e L~7* 10** cm2st
* Integral L~ 3000 fb1

EYETS 14 TeV 14 TeV
1314 Tov IR - - energy
splice consolidation injector upgrade Jimi 07
7 TQV & MRO;.E?:;‘";‘M C 2&?3:‘*5 :': ei:);[?;':on HL-LHC installation |umm0;l¥
0 O 0 0 0 0 0 0 020 0 0O O 0 026
radiation
damage
2 x nominal luminosity .
experiment " ment ment rade
4 nominal luminosit ________——{
i ] beam pipes . L upulmurwm S MP“‘““;'
/ ; i ed
Phase 0 upgrade Phase 1 upgrade Phase 2 upgrade
Be ready for: Be ready for: Be ready for:
*Vs=13 TeV *Vs=14 TeV e Vs=14 TeV
* Pile up ~40 * Pile up ~60-80 s Pile un ~200

What to improve:

* One more Pixel layer

* 70->100 kHz L1 trigger rate

* 400->1000 per sec recorded
events

* Improve operation reliability of
all detectors according to new
challenges

Slide from Sergei Smirnov,
MEPhHI, ICPPA 2016

What to improve:

* New Muon Small Wheel (NSW)
* High precision Calorimeter L1
trigger

* Fast Track Trigger based on Si
detectors

* Topological L1 trigger processor
* New forward diffractive physics
detectors AFP

What to improve:

* New inner detector (Si)

* Calorimeter electronics
upgrade

* Muon system upgrade

* Level-1 track trigger

* New forward calorimeters




Delivered Luminosity [fb’]

ATLAS During Run 2

Parameter Run-1 Run-2
(2015)

Peak Lumi., 0.77 0.51
1034 cm2st
Pile Up (<p>) 20.7 13.7
Delivered 28 4.2
Lumi. (fb1)
Lumi. for 25 3.2
physics (fb1)

Lumi uncertainty (2016) ~4.1%

Run-2
(2016) « Significant increase of the
cross section for processes
1.37 involving heavy objects =>
a promise of discovery even at
4.9 a limited statistics
« Statistics of 100 fb' would
39 allow observation and study of
rare processes (ttH, 4-top,
VBS, 3-4 Boson couplings
33.3
* Increase in measurement
precision of known object
properties (Higgs, Top, W/Z, B,
.)
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ATLAS Experi

*Several upgrades during 2013-2014 shut down
*Add 4™ silicon pixel layer

*Significant tracking improvement

*Trigger :

Efficiency

Data/MC

*From 3 levels => 2 levels
*Level-1 output rate :

*Improve from 75kHz to 100 kHz
*HLT output rate :

*Improve from hundreds Hz to ~1 kHz

Electron ID. Efficiency
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Searches
*Try to answer fundamental questions in particle physics
*E.g. origin of EWSB, matter, flavor, naturalness, unification, elementary
vs composite, dark matter ...
*Models :
*Created to address the questions, and make predictions
*Provide guidance to conduct search to test the model
*Make use of unique signatures predicted by model
*Use benchmark models to interpret search results

Guiding models : Signatures :

*Technicolor * di-lepton, di-jet resonances
*Warped Extra Dimensions * di-boson resonances (yy, Wy, Zy,
*Grand Unified Theories ‘NW, W2, 7Z,...)

One model with different signatures

: ) "ancement at high tail
One signature probing several models

*Heavy Vector Triple*

eLittle Higgs aultiple leptons
*Contact Interaction/Com,. siteness * large missing energy
eLeptoquarks * long lived particles

*Search as broad and general as possible



This Presentation

*Primarily results from :
* “ICHEP 2016” (2015+2016 data, ~13-15 fb!)
* ~1/3 of collected Run2 data

*Will cover :

*SM Higgs measurements / searches :
vy, ZZ, WW, bb, uu

*Exotics (resonance search) :
* di-lepton
* di-photon
* di-jet
* di-boson



Standard Model Higgs Boson
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Re-Establish SM Higgs Boson in Run 2

*Discovered a SM-like Higgs boson with Runl data, with
mass=125.09+0.21(stat)£0.11 GeV (ATLAS+CMS)

gluon fusion (9gH)

t
. N H
g t

associated prod. with W/Z

vector boson fusion (VBF)

associated prod. with tt (ttH)

process | o(@13TeV) pb_

q wW,Z
. N
\/ﬁ\/\%\z/\/QJ:j
q  (WH,zZH)
ggF
VBF
mH=125 GeV
WH
ZH
ttH

48.6

3.78

1.37
0.884
0.507

Decay channel
bb

WW
g8

TT
CcC
77
14
Zy
M

58.2
21.4
8.19
6.27
2.89
2.62
2.27
0.153
0.0218
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H—Z7"—4l

*Categorized selected events into different
production channels:

m,, [118-129] GeV

pr;> 30 GeV

/

Events/2.5 GeV

(>:1 legpg)n\% Ojet | | Tjet | | my=120GeV | [ m;>120 GeV |
Pr.> €
Discriminant Discriminant Discrim.inant Discriminant
Just counting BDT-ZZ BDT-1j BDT-2jVH BDT-2jVBF
Y J BDT 72: BDT_1jet: BDT_2jet_VH: BDT_2jet_VBF:
VH * Pru * Pty * Prj * Prj
My c * Prjp ' Prjp
© Kb= * ARy * Mp * P
log(ME;y,,/ © Am © An,
ME;;) © Ang; © Any;
e m.. . m..
L J Cmy
Y v min(AR) I min(AR ;) ]
geF ' VBF

*Observed 44 events in 118<m(41)<129 GeV
*Expect : 9.7+0.8 BG evt, 22.3 signal evt.
* o(measured)=81"1% . pb
* 6(SM)=55.5"8 , , pb
* K; (Ky) coupling strength to fermions (vector
boson)
*Observed more evt. in VBF enriched channel

ATLAS-CONF-2016-079
T T e T
35 F ATLAS Preliminary .*; figgs (m - 125 Gev) |
C . e ]
30 :_H—) 2z —>_14I =Z+jets,tt E
- 13TeV, 14.8fb tt+V, VVV 1
: % Uncertainty ]
25 .
20 - =
15F + =
10F =
51 ' =
0
80 90 100110120 130 140 150 160 170
m,, [GeV]
- 3 L ‘ i A

- ATLAS Preliminary

25-H-2zz" >4l .
- 13TeV, 14.81b" i 3
[ my=125.09 GeV

2r
1.5F , .
I -+ Best fit ]
I —68%CL
1 -~ 95% CL =
[ =P SM .
0.51- :
i 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 L 1 I
% 05 ; 15 2



H—yy

(=]

N

0 20 40 60 80

ATLAS-CONF-2016-067

r ATLAS Preliminary
[ -¢- data, tot. unc. [] syst. unc.
rH—yy, Vs=13TeV, 13.3fb"

LIy B B L S B N B B

R e B A

my = 125.09 GeV

- gg—H NNLOPS + XH-
kgg%H=1.10

==+ XH=VBF + VH + ttH |

100 120 140 160 180 200

pY [GeV]

*Performed several measurements : = 19
*fiducial and differential cross sections £
. . =
edifferent production channels S
o)
> qooF T r T r T e ] ©
15 - e Data ATLAS Preliminary
; 80 C, T B'ackground VBF-enhanced ] 0.5
- L —— Signal + background a i
c H — Signal (s=13TeV, 13.3 b §
% 60 :_ H—",’Y, mH =125.09 GeV _:
wof TR S
20 . 7 L
O".lll... . P M R 0
110 120 130 140 150 160
2 20F s Y I S T L ]
Q
B 0 -
© —20?'. P R PR PR - —
© 110 120 130 140 150 160
m,, [GeV] B

*Fiducial cross section :

* 6*BR(meas.)=43.2+14.9(staty£4.9(syst) b
* 6*BR(SM)=62.8"4, , tb

*Combined signal strength agree with SM
* U=0, .. /Ogp=0.85+0.21

l'Ltt H

VBF

H
ggH
l"LRun-Z

l'LRurH

ATLAS Preliminary
\s=13TeV, 13.3 fb"

—e— Total

+1.26
w, =-025 3%

+0.80

=224 o7

L —e—i M, =059 e
L o4 M, =085 05
B o gy = 117 7028
Gy g

Signal Strengthy 3




Measurement of Higgs Cross Section
ATLAS-CONF-2016-081

E _' L . ' .' L L L e '_
Z 4100 ATLAS Preliminary — G,y My =125.09 GeV N
% [ AHoyy 0 H—ZZ*—4 ?CD scale uncertainty i
Q B B Tot. uncert. (scale ® PDF+a_) i

Q s
o 8ok ¢ comb. data ' Syst. unc. L]
60 =

40

20

Vs=7TeV, 45fb"
Vs=8TeV, 20.3fb"

0 Vs=13TeV, 13.3fb" (yy), 14.8 b (ZZ*)
7 8 9 10 11 12 13
Vs [TeV]

*Combined local significance = 10 ¢ (8.6 o expected) for 13 TeV analysis
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WH, ZH production with H—=bb

> i ELALEASS B T I E e 0Y LIRS E BT
7H — vv bb 0-lept - Mbb Improvement 8 ;ATLAS Preliminary o Viib) (1.0)
(' -1eplon Bher B LR I I LI SR LS I }”8500-‘5 13TeV [Lot = 132" 1 Diboson
’, (g ATLAS Simulation Preliminary o (Gch'G) Gch -~ " 0lep., 2jets, 2 tags -'Sllngletop
v =t Madgraph A— Zh — b MC 15.7 GeV - @ QRN mm W+(bb,bc,cc,bl)
= .. 2 4 m=300GeV e AT BB S 400/ Pr 2 150 GeV - Ze(bboccd)
eLarge MissSIiNg & | zip, 2jes 265 it & e st ]
Y[ 0Gev <p! <500Gev o C ]
energy o~ 3001 O-lepton -
*E,Mi55>150 GeV | 2P
__[]] Standard Jet Calibration {SJC) ' ' : 200_ ’
- &\ SJC+p-in-jet Correction ! ‘e i
i 100.__. ,,,,,,,,,,,
1-lepton Ny .
4 o 1.2
- . - "”‘ " % 1
*One isolated €, x s ls.s o g gn) BOBE . L i
. E miss 0 20 40 60 80 100 120 140 160 180 20 o 50 100 150 200 250 [3(5)0\/]
m,, [Ge
t m(bb) [GeV] m(bb) [GeV] ™
ATLAS Preliminary Vs=13 TeV, [Ldt=13.2fb"
LA L S T R NN RN SR L TREUN SR B AR
— Tot. =1
Stat. Tot. ( Stat. Syst.)
: 2 0.90 0.64 +0.63
. I 2 lepton (@i °24+oa4 (+058 to.eo) ~
ZH — 1'I" bb 2-lepton
, 1 lepton |—  p—e—-4 025+8§g V’SSZ tg:g;) ]
o
isolated ee or p R 0.47+073 (1059 +044) _
,, * M, compatible
Combination |[—  F=@=4 0.21+051 (+0.36 +0.36)
with m, . . R P = s

PR s L L T T s X L n- PR
. 0 2 a 6 8 10
< * no E,miss :

| Best fit l.l.=0'/0'SM for m =125 GeV

| * B=6,../0sn=0.21£0.51, corresponds to
2 b-jets 0.42c observed (1.94c expected) sensitivity

ATLAS-CONF-2016-091 *Runl sensitivity : 1.4c obs. (2.66 expected) 15




ATLAS-CONF-2016-063

VBF(bb)"‘Y *Search for H->bb in VBF events with a y
*High pT photon provides :

 extra handle for trigger, suppress multijet

i background
b g I - ATLAS F’rellmlnary *SSI:H(%HYMOO_' % 600F- ATLAS Preliminary --nggmzsjﬂxmo_‘
» FVs=13TeV, 126 o' mmz .+ y(QcD) k=4 - Vs=13TeV, 126" mmz+ v (QCcD)
g N Z + v (EWK) g 2 500l Z + v (EWK) =
& 800(— NonRes Bkgd — w i 3 ; NonRes Bkgd
00| fﬁ*‘ 1 “% +"*'r-+’ “poor man”
= . soof= ¢ -
T qguark-gluon -
200 —
. E 4, separator
Selection : First search at LHC 109
. . 0
* 2 b-jets, 2 forward jets, 1 g 03
2 01
@ o0
central y 531 /
0 005 01 015 0K2.02,g 03 035 04 045 0.5

] width

*Separate signal from
background

High sensitivity category

. . o 20CATLAS Preliminary —— Data 1 3 = ATLAS Preliminary —+Daa ' "'

* use event kinematics g 180:—v3—13TeV 12.6fb" ;g‘ﬁ?éé%*“‘o; 553 70 s = 13 TeV, 126 " ;\éngrggé%wxmg
* low jet activity between i NorResBigd 3 5 0F OMEDT NonRes Biod
) j g 1 40;_ —— Uncertainty _g E 50;_ —— Uncertainty j
signal bb and forward jets @ 12004 4 @ ++ + -
. . . . E 40 B ]

* mostly quark jets in signal, tooll +++ - : Jr ?— E
: 808 #ﬂ E 08 . E
mixture of quark and gluon solf T ’ 3 N + ++ ++ 4 3
jets in background “8 Bt B  CRNLE
205 e, : ﬁ

M B T L/ S AN e PR W AR Tol RS

« e s e e

*Results (95% CL limit): g osf i g 1 T;
o 0.1 o 0.1 :

*Expected : 6 *23 . x SM 3o iy FEFR *é
*Observed : 4 x SM T s V_O'Sé—so 86L100 120 140 160 180 200 220 240

m,, [GeV]



g - t—shW+
A b
|t <
A 5
g < E—>bW-
*Dominant background : tt+X .h o125
*4 b-jets in final state, need to find right g 0‘;81:
pair for H—=bb o0f-
*Multivariate technique to discriminate 004
signal from background "

Events

Data / Pred.

1- Iepton SJets 4 b-tag

350 T I R rﬂﬂ_
- ATLAS Prehmmary -e- Data B
300~ \s = 13 TeV, 13.2 fb™' Hng ho o
C + g ]
. Slpgle Lepton tt + >1c ]
250:_51,24b -tt+>1b E
- Post-fit o tt + \" |
200} [ INon-tt .
- Uncertainty
150 e ttH (norm.) —
gy e

100

50

oF———+
1.25 1 =
1 f g e : ..... : ....... ,.(TH‘ ............ »r}. .......... =
0.75 o E
05 = >
-1 -0.8-0.6-0.4-0.2 O 0.2 0.4 0.6 0.8 1

Classification BDT output

N u=6meas/ GSM=2 A1

ttH, H—bb

ATLAS-CONF-2016-080

*Measure top Yukawa coupling

*Search in events with 1 W (1-lepton) or
both W (2-lepton) decay leptonically
*Categorized search according to jet
multiplicity and number of b-jets

LI N e e

L L B L B B s B B |

ATLAS Simulation Preliminary J
Vs =13 TeV
Single Lepton
> 6j, > 4b

] ttH, all events
[ ttH, Higgs boson
correctly matched

—+tt

OO

*Sensitivity same as
Runl (p=1.5£1.1)!

.0

Dilepton

Single Lepton

Combined

Higgs mass [GeV]
ATLAS Prellmmary ttH (bb) 8= 13 TeV, 13.2 fb"

T Tt T T | LA B AL AL
— |0
Stat.
Tot. ( Stat. Syst. )
6+2.9 +1.4 +26
———— $ (-1.3 -1.9)
+1.1 , +05 +1.0
o - 1.6 11( -0.5 09)
+1.0 , +05 +0.9
& 2.1 -09( -0.5 -0.7)
1 g by Ping wlis o] gegon Phaoy il vl wger Erss pileg aopd] y

0O 2 4 6 8 10 12 14 16 18

Best fit u = 6™/c for m, = 125 GeV
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Other New SM Higgs Results Not Covered

‘H—pp

ATLAS-CONF-2016-041

ATLAS-CONF-2016-058

7 F °ttH—>multl-lept0ns(H—>WWZZ TT)
s - ATLASPreliminary —Obssiied .
% ~ \s=13TeV, 132 fb" iE:peCted . ATLAS Prellmnnary @13 TeV, 132fb‘
1 i E — =
= E Hopu CO+2o | | tot. stat. tot (stat,syst)
m u ---SM Higgs 3 27 0Tpag =i 4.0 +12; (+11$ +11;)
X - N = 132 =1,
©
c 107" = 5 4 2
S Tk ] oV —e—-n 6.2 737 (133, 39
E - 1
——IJ - . 3/ 0.5 +1.7 412 412
O 1072 - i Rl S (Gos 513)
32 E ]
S : [ EPETEETT (PSS (PRI IR LIS ,111: e N <2.2(68% CL)
115 120 125 130 135 140 145 et
. my [geV] Combination . reH 25 L‘? ( j8:77, j(‘):;)
*Clean signature to measure H coupling to i G e e
2"d generation fermions best fit u__ for m,=125 GeV
*VBF, WH (H—=WW) | ATLAS-CONF-2016-112
c 350_ T c 800 T T T T T T T
S, ATLAS Prellmlnary Lie 2 Loob. ATLAS Preliminary g g o
£ 300_ (5= 13TeV, 581 o' DTo:e*s .o:::rsw 2 Vs=13TeV,5.81 fo’ 1:1vvv 3 To
g 2503_ H-WW —ep+pe (VBF) Wow B overtos 2 600E WH-WWW —siviviv 3 Otner Higgs [ wH
C uJ = +1.1
: ; .Hg_uF DHVQF b H(VBF)_1-7 _0.9

200 s
150F
100

50

Rescaled y-axis for SR2
—
o

20

-k

(%))
n
O

ey
9]

TS | N S N s R R

(%))
O

Rescaled y-axis for SRs

1
0 Top CR Z—-1t CR SR1
-08<BDT <07

SR2
BDT>0.7

Fit regions

CRa CRb CRe

e-fake

CRe
w-fake

CRd CRe

llllllllIlIllIlIIll!lllll[llll

SR SR
Z-dominated Z-depleted

Fit regions

* uW(WH)=3.2*44
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Beyond Stand Model Searches
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Resonances

*Perform model independent search for new
physics processes

*[F an excess !!!

*Else , set limits for bench-mark processes

20



Lepton + Missing E ATLAS-CONF-2016-061

d e,1 /" *New spin-1 gauge bosons predicted in many BSM
A ARG *Heavier version of SM W.,Z =.> W’, 2’
W *Bench mark model : Sequential Standard Model (SSM)
q N *W’, Z’: couplings to fermions are same as SM W, Z

*Neutrino escapes detection —
«Construct transverse mass : Mr = \/ 2p E " (1-cosg,,)

T

& .5 ATLAS Preliminary —W'(2TeV) e Data § 10°E" ATLAS Preliminary = W' (2TeV) o \?Vata
a 19 \s=13TeV.133fb! —W (3Tev) [OW W b 's=13Tev, 133 ' —W(ETeV) DT 1
s W' — ev selection —W (4 Tev) [EBTop quark W' — pv selection —W (4Tev) ETopquar
10 CIMultijet " Dg{v
Oz [EDiboson
104 [CJDiboson 10¢ [ Multijet
10°
10°
2
10 102
10 10
1 1
n
107" 10 ] LLL.
9_ 1 21 £ 3 _nl,-»;.- g é 1 21
© % R T e — s
< 0.8F 11 PR
O:D“ 0.6: Bt | < 8 82
& E ]g [ =14
b PO T8 o s 12
PR ™
= a 08 L S 8 gab Beois s
o~ 0.6 Tt 8 2 06 | -
200 300 1000 2000 :
Transverse mass [GeV] 200 300 1000 2000
Transverse mass [GeV]
’ ’ ’
W’ (€)<4.64 TeV W (M)<4.19TeV W', (e+1)<4.74 TeV

W (e+p, Runl)<3.24 TeV 21



Highest m(p,v) Event

pT(Kn)=2.01 TeV
MET=1.05 TeV
m;=2.91 TeV

Run: 302872
Event: 98578438
2016-06-26 17:11:38 CEST




Di-Lepton

*Search for heavy resonance decaying into same flavor di-lepton pair

ATLAS-CONF-2016-045 ATLAS-CONF-2016-051
Opposite Sign Charged Same Sign Charged
% 107 - AT;.ASP' li " L + Dat'a ' %’ 10° - . Data' =
0 reliminary o} : - ) 3
T (Ee1d To¥, 102 " Czr @ AT a5 Ty, 139t T :
Dilepton Search Selection  [Jl] Top Quarks ~ SR fa:es (Fake Factor) 1
10° [[] Diboson g 102 Fitted bkg events diboson =)
10t — 7, (2TeV) o ' - 3
— Z, (3 TeV) W ttV + single top ]
: [ ] DCH 600 GeV ]
10° — Z,(4TeV) [ ] DCH 800 GeV |
102 1 i
10 .
1 1 =
107" E
1072 |
- - - —_— 107 : m— o —
é 1.4 _:-_ ............................................................................. _; s 1.5 — R D N 'f' ................................................................ —
E 1.2 ; ........................................................................ ; 2 = { 7/ / E
§ it I T
08;_ .................................................................... **}*T ARAK DN O e .i © B :
0 I Rt P o B o TR — - 05 s s l ................................. esemsinasisasessines sisnasies B
100 200 300 1000 2000 300 400 500 2000 3000

Limits :

* 7’ o (3% width) < 4.05 TeV
» 7’ (0.5% width) < 3.36 TeV

Dimuon Invariant Mass [GeV]

Z’ oy (Runl) < 2.9 TeV

Limits :

o H*, < 420 GeV

* H= <570 GeV
*Assume BR(H=—¢*¢*)=100%

m(e‘e’) [GeV] o+

,
SHE T
¢
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e Highest m(e*,e) Event
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Di-Jet (high mass) ATLAS-CONF-2016-069

*QCD predicts smooth falling di-jet m,; spectrum ATLAS-CONF-2016-060
*New states decay to 2 jets may show up as local excess in my;
ngh m,, Search JJ with >1 b-jet
e E —3 @ 10°F— TR
S .F ATLAS Prellmlnary g o ATLAS Prellmlnary Vs=13 TeV, 1331‘b1 3
F10°E \s=13 TeV, 15.7 b’ E o 109 o Data =
- L] aa = =
5] i 7] —— Background fit 3
10 EE_ —_— gsfrt(gltl%mgrf:;terval 1?‘ 104 —— BumpHunter interva
4: ‘ o W,m, =25TeV - g O b*2TeV,ox500 3
107 5 o W.my, =45Tev o o b* 25TeV, 6 x 500
& 107 =
b “ ; sibag
2 - 102 =
10°E N - &
10; W', ¢ x 100 ; 3 10? p-value| = 0.44 _§'
= p-value = 0.67 find 3 C
~ FitRange: 1.1-7.1 TeV 1 3 E
1:5 ly*| < 0.6 i V| ?E 8
8 2%_ f f : f t _E §
- <
€ -2 — n
» = : ' ' ——
2 3 4 5 6 7 2 3 4 5 6
m; [TeV]

*A pair of jets, leading jet pT>440 GeV

*Set limits on several bench mark models :
* m(excited quark) < 5.6 TeV
*m(W’)<2.9TeV

*Set limit :
* excited b : <2.3 TeV (BR(b"—bg)=0.85)
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ATLAS

EXPERIMENT

fNumber: 302347 Event Number: 753275626

Date: 2016-06-18 22:41:48 UTC

RUIITTT

CIERRRLLERE]

aEmas | mm

T |

*pT(J1) =3.13 TeV, pT(J2) =2.98 TeV
em(lJ) =7.5TeV




Di-Boson Searches

*Many diboson decay channels and final states :
*YY
* Wy— lvy, qqy
* Zy— lly, qqy
- VV— lllI, llvv, llqq, Ivqq, vvqq, qqqq
* Vh— llbb, lvbb, vvbb, qqbb

« hh— yybb, yyWW, bbrt, bbbb jets, leptons, missing energy
*Wide range of boson pT :
* Resolved (low pT): 2 small cone jets
* Boosted (high pT): 1 large cone jet
*Analyze jet substructure to determine
if 1t is due to merging of jets >

Boosted jets: Increasing transverse momentum

*Diboson production predicted by many new physics models
« HVT (Heavy Vector Triplet), W’, Z’, bulk RS graviton, 2HDM, ...
[f an excess 1S seen 1n one channel,
*Measure the relative strengths in coupled channels : e.g. Br(Zy)/Br(yy)
*Understand the SU(2) structure of the underlying theory
*hh will lead to constraint of the Higgs self-coupling
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Heavy Resonance in VV Final States (Runl)

Ivqq
(WW/WZ)

Events / 100 GeV—
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arXiv:1409:6190
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*Local significance : 3.4 ¢
*Consider entire mass range : 2.56

*Check whether excess also in

Run2 data
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ATLAS-CONF-2016-055

Heavy Resonance in VV Flnal States (RunZ)

10°e - AJLAS-CON F-2016-062
> F —T
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Heavy Resonance (VV) Limits (Run2)

10

'_'6‘ El t:' LI I LI I -l 1 -l I I UL I L I | L L I | l. 1 I l- 1 .l I :_t'
2  E '3 ATLAS Preliminary 95% C.L. exclusion limits 3
N [ f=/s=13TeV, 13.2-15.5 fp s HVT modelAg=1 1
< —— Observed
1T+ 1E SETELS Expected —
= = — qqqq =
= I — lvqq a
}; | = |lqq] a
L1007 o =
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*HVT W’ mass limit up to ~2.4 TeV
*RS Graviton mass limit up to ~1.24 TeV



VH Final States (Run2)

*Search for heavy particle decays to WH, ZH
* WH -> lvbb, qgbb
« ZH > 1lIbb , vvbb, qgbb

*Mass regions :

* Some analyses only focus in the boosted regime (>~1 TeV)
 Other analyses combine both resolved and boosted (~200 GeV to 2 TeV)

| Vv | |
/

*Interpret search results in :

*Simplified model that incorporate Heavy Vector Triplet (HVT) , predicts W’, 2’

*Two Higgs Doublet Models (2ZHDM)
*Predict a CP-odd scalar A , A->ZH
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vvbb

(resolved)
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Ivbb
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VH Final States (Run2)
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VH Final States (Run2)
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*Slight excesses in Wh(qgbb)
* at ~3TeV : 3.50 (local), 2.50 (global)
*at~1.6 TeV: 2.60 (local)
*Should check again using the rest of
2016 data sample
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Di-Photon

_ 1105 ET (GeV)

1.1 TeV 1.1 TeV

EARGAS K ap MR
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4 ¢ 90 180 270 360
5 o

ATLAS

EXPERIMENT

Run Number: 302956, Event Number: 2656107838

Date: 2016-06-29 14:32:52 CEST

Highest Di-photon invariant mass event in 2016 : m(yy)=2.2 TeV .,




Di-Photon ATLAS-CONF-2016-059

Re-processed 2015 data 2016 data
> o L e L I L B A I SO —=I % " LR LR ] W & % % [ !
& 10" ATLAS Preliminary = & 10" & ATLAS Preliminary
o * Data E P * Data
eV} — Al -
o 10°B — Background-only fit —= o 10°E —— Background-only fit
= = 3 c =
:>J’ - Spin-0 Selection - L%’ , - Spin-0 Selection
10% & = 10° E
= Vs =13 TeV, 2015,32f" 3 = Vs =13TeV, 2016, 12.2fo" =
10 E 10F E
15 E 1= E
10~ = 107 =
2 a ' ; e} :_ + - ;
g 15 ER i =
2 10 = 2 1ofi =
O iH = O H =
5 o4 E 3 5HT -
g o =N = 3 o s
P 3 E s .
g 18 = F wE -
500 1000 1500 2000 2500 U500 1000 1500 2000 2500
m,y [GeV] m,, [GeV]

*2015 : excess of 3.90 (local) at 750 GeV (relative width 6%)
After reprocessing : 3.4 (local) at 730 GeV (relative width 8%)
*One event migrate from 757 GeV to 722 GeV, one event removed due to isolation cut

*2016 : No significant deviation from background, compatibility with 2015 ~2.7c
*2015+2016 : 2.36 (local) at 710 GeV (relative with 10%)
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“000) -=--h -h

-—--h “h
(a) (b)

*SM predicts non-resonance hh pair production (a) and (b)

*Destructive interference between them

*BSM also predict hh pair production :
* non-resonance : production may be enhance
by modifying the Higgs coupling constants
* resonance : heavy particle (e.g. 2HDM :
Heavy Higgs , Bulk RS model Graviton) can
couple to 2 light SM-like Higgs boson

Decay Branching Fraction

bb

7.4%

WW

2L

4.6%

2.5%

0.39%

*ATLAS search for hh in various decay channels:

* bbbb 2z S
* bbTT VY 0.26%
* bbyy

* WWryy
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ATLAS-CONF-2016-004

bbyy

hh—bbyy,

*High BR(h—bb), clean yy signal

* 95<m, <135 GeV

*Non-resonance : search in m

Y

*Resonance : mass window cut on

m,, and m,,,

95% CL limit on 6, xBR,_,,, [pb]

WWryy

ATLAS-CONF-2016-071

WWryy

*W—e/p,v, W—>qq=>yylvj]
*Relative large BR(h—WW),

clean yy signal

*Perform non-res. & resonance
search 1n m,, distribution
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ATLAS-CONF-2016-049

*Highest BR, but also largest background (mostly from

multi-jet production)

hh—bbbb

*Search in wide mass range (~300 GeV to 3 TeV)

« <ITeV : resolved analysis (non-resonance, resonance)

* >] TeV : boosted analysis (resonance)

*Need to choose the right pairs of bb to construct both

h bosons

*Limit (Non-resonance) :
* 6(hh—bbbb) <330 fb (~29xSM)
* 6g,(hh—bbbb) = 11.3799 , ' {b
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*Limit (resonance, RS graviton k/M=1) :
* 6(hh—bbbb) : 1 pb — 2 b (0.3-3 TeV) (obs.)

* exclude mass :
*360-860 GeV (observed)
*380-910 GeV (expected)
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hh (HL-LHC)
*Expect to collect ~3000 fb-! at Vs=14 TeV during the high luminosity LHC run
*Estimated the sensitivities of the non-resonance hh search :

* bbyy (ATL-PHYS-PUB-2014-019) :
*Expected signal significance ~1.36 (w/o systematic)

* bbtt (ATL-PHYS-PUB-2015-046) :
*Expected upper limit on cross section (95% CL) ~4.3 x SM

* bbbb (ATL-PHY S-PUB-2016-024) :
*Expected upper limit on cross section (95% CL) :
* ~1.5xSM (w/o systematic)
* ~5.2xSM (Ww/ systematic)

20~ ATLAS Preliminary

\s=14 TeV

No systematic uncertainties

Current systematic uncertainties

95% C.L. exclusion limit on o/cy,,

— 4 1
NPPOOOONDMOOO®

- N W
[
|

&III

Limits w. Syst.
Limits w. no Syst.

500 1000 1500 2000 2500 _ 3000
Integrated Luminosity [fb™] 39



Summary

*ATLAS i1s re-establishing Higgs discovery in Run2 and 1s performing more
measurements and searches in other channels

*Partial analyses of 2016 data samples have already reached or exceed the Runl search
sensitivities for new physics

*Unfortunately some exciting hints from Runl and 2015 data samples are not confirmed
in 2016

*Still have another ~20 fb-! of 2016 data sample to analyze

*Stay tuned for more new results in the coming few months.
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Back-Up
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Events

10

w

10*

Significance

Di-Jet (lower mass)
*Rates too high to trigger on softer jets to search in lower mass region
*Explore low m;,, by triggering on ISR objects (y or g)

JJ+v/J

T IlHlH] T T 71, IHII

T T IIIllll

' T o] ]
ATLAS Preliminary
1s=13 TeV, 15.5 fb™'

« Data
—— Background fit
—— BumpHunter interval

+7 (P >150 GeV)
ly,," <0.8

(- l|l|ll|

0!

Il l)lllll

11 l[IHlI

-o-Z' (g, = 0.30), m, =350 GeV, o x50
p-value = 0.67
Fit Range: 169 - 1493 GeV

HIIH[ IIII[

1000
m; [GeV]

200 300 400 500

q

q q q q

Interpret results in lepto-phobic
axial —vector Z’ model
*Set limit in g, vs m(Z’)

ATLAS-CONF-2016-070
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Events / 20 GeV

Data - fitted background

Di-Photon (Dec 2015)
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Highest m(e,v) Event

Run: 301973
Event: 370829290
2016-06-13 06:52:57 CEST

4

pT(e)=1.09 TeV
MET=1.09 TeV
m;=2.19 TeV




Experimental Techniques in Boosted Region

— 4h_'"'l""I""I""I'"'I""l""l'”'
3 ATLAS Simulation 200
[~ c 3.5¢ PythiaZ >, t>Wb | 180
: < 4 175160
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100
L 80
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* AR ~2m/ pT 40
. . 20
*Decay products from highly boosted objects: : 5
'G { l 00 100 200 300 400 500 600 700 800
et very close | ¥ [GeV]
*Can affect reconstruction o Al
D : T Ty vyl LI L 'E
*Leptons : g 05k £eee 3
. . . . . = 1.00E :
*Identification requires isolation to reduce - 5
mis-1dentification (e.g. jet fakes as electron) 0.90k rel. track iso. <0.1
. . . - VeryLooseTrackOnly
Efficiency of reconstructing lepton pair from + 085¢ VeryLoose
. . E Loose
Z decay can degrade quickly for highly 332
boosted Z boson due to isolation cut 070k sspieg
. i i i . /O radientLoose
*Design looser 1solation requirement to re-gain 0.65F \ i
efficiency at high pT 0605266460 606 500 1000

Leading lepton pT [GeV] 45



Large-R jets
*Jets from hadronic decay of a boosted W or Z can be merged

*To increase the reconstruction efficiency, instead of attempting to directly
resolve the individual decay products, combine them into a single object and

inspect 1ts properties

Initial jet p’}/[f;?t < feut Trimmed jet

O
*Energy depositions in calorimeter are E e X ot (osang o) ]
grouped into topological clusters, whichare 5 fn™™% _?Ftowsg;:vcvgo;? :
used to form large-R jet (R=1.0, anti-kt) é 0_1E_?Z:;:L;?;:EZ.Rm:(,,g) """" oo
*Trim the large-R jets by forming smaller 2 0.08) .
sub-jets (R, =0.2, anti-kt) ooa— E
‘Remove sub-jets whose pT fraction is less onapt % | E
than f, =5% of large-R jet (suppress pile-up) 002K, gt 4

snlillll.lgl:l.:'-r.fgﬂ'?- | YSTE L PP TRl EUEEY
0 20 40 60 80 100120140160180200

*Trimmed jet pt, mass from sub-jets
M [GIeVl6



Heavy Resonance in yy Final States (Runl)

Select events with two isolated photons ~ h(125) contribution is included in background

A

*Main background :

* di-photon continuum 10°

T T T

* y+jet , di-jet (jet fakes photon) -

oN /dm,,, [GeV]
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Heavy Resonance in yy Final States (Run2)

*Repeat similar search ATLAS-CONF-2015-081

1045' T T T T [ r T T [ T T T [ T T

*Two isolated photons: Et>0.4xm,, 0.3xm., 'ATLAS Preliminary

* v ID eff = ~85% (@ 25 GeV) — 95% (@200
GeV)

*Signal Efficiency (ggF) ~30-40% 107
*Diphoton purity ~ 90%
*Search in range 200<myy<2000 GeV
* o(m,,)~2 GeV @ m,, =200 GeV 1
* o(m,,)~13 GeV @ m,,=2000 GeV

LI

® Data

10°

Background-only fit

Events / 40 GeV

Vs =13 TeV, 3.2 fb"

10

10™ . T R T S B
*Smooth functional form to model g 13— ! + =
background § °E H HL ﬂ* N S YO
*Validate function on simulated £ 5|1t F + :
background samples (yy, y+jets => § jg: ! E
Sherpa) 200 400 600 800 1000 1200 1400 1600
«Dominant systematic uncertainty : My [56V]

*Background fit : <50-20% of the total
signal yield uncertainty



Heavy Resonance in yy Final States (Run2)

ATLAS Preliminary
Vs =13 TeV, 3.2 fb™’

experimental resolution
*Expt. width (m, =750 GeV)=6 GeV 4o
*Observed width = ~45 GeV (~6%)

Observed

*Assume narrow width signal : R o I LA E
*Local excess (@ 750 GeV)=3.66 § 1o _ ~
*Global excess (0.2-2TeV) =2.06 -~ : -

102 =

*Observed width is broader than : -

10° = E

4c

_5 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
10 200 400 600 800 1000 1200 1400 1600 1800

*Assume large width signal (6%) : my [GeV]
Local excess = 3.9 *Run 1 paper only up to to 600 GeV
-Global excess (0.2-2TeV) = 2.36 *Extended the invariant mass beyond 600

GeV using similar background modeling
technique as Run2
*Compare the measured cross sections
*Assuming s-ch gluon initiated process
*Scaled to same center-of-mass energy
*Compatibility between 8 and 13 TeV at
mX=750 GeV:
*Narrow width : 2.2 ¢
*Large width (6%) : 1.4 o
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95% CL limit on o, - BR [fb]

Heavy Resonance in vy Final States (Run2)

103 E I . i E
= | ATLAS - : E

= ! 100F ; 33

- : — Observed C ' 17
102 & : - - - Expected C ! e
. E=+1c 50— ! 13

+20 X 4]

10 == ! 60 160 =
1 : 1
= | \s=8TeV, [Ldt=20.3fb" :
10-1 1 I : 1 L l 1 L 1 1 l L L 1 1 l 1 L 1 L l L 1 1 L l
100 200 300 400 500 600
my [GeV]
§ 103 E T | T T T I T 1 T | I T I I T T T I T 1 1 | I T T I T 1 1 | 1 1 T §
o - ATLAS Preliminary T 2ol §
o 2 p E+io .
X o Vs=13TeV, 3.2fb CJ+20 N
= 10°E E
© E .
2 - ]
o i i
I - _
5 10¢ e
CILJ C _
Q_ - —
o - -
-]
- 15 =
O = =
o C ]
Tg] L _
(0]
I 1 1

-—1 1 1 I | I | | — 1 | | I | | I | I — 1 I L1 1 I 11 1 I
10 200 400 600 800 1000 1200 1400 1600 1800

m, [GeV] <0



CMS Diphoton (Run2)
Search for diphoton resonances

Two categories: barrel-barrel (EBEB),
barrel-endcap (EBEE)

p(y) > 75 GeV, I, <5 GeV (in 0.3
cone around photon direction)

Efficiency, scale and resolution
calibrated on Z — ee and high-mass
DY events

Search for RS graviton with three
assumptions on coupling:

K = 0.01 (narrow), 0.1, 0.2 (wide)
Blind analysis, no changes have
been made to the analysis since
unblinding data in the signal region

CERN LPCC special seminar
(Dec. 1512015, Jim Olsen)

EXO-15-004

CMS Preliminary 26fb'(13 TeV)

EBEB category

|

Events/ (20 GeV )
=

t Data
1 - Fit model
t1o

1020

-
o
b
el
g

il |
' "I""""mlilhm

g4
L 2
-T‘i 0
w 2
3x10°  4x10° 5x10° 10° 2x10°
m, , (GeV)
CMS Preliminary 26fb'(13 TeV)
3102 = EBEE category
g F .
:q,: 10 ++
c =
g -
o ‘— t Data ] {
E — Fit model sl |
- +1o

| " I"""hlu:&. .

(data-fit)/o,,,
HNDON H

4x10°  5x10° 6x10° 10° 2x10°
m, , (GeV)

CMS Collaboration - 13 TeV Results  15/12/2015
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CMS Diphoton (Run2)

CERN LPCC special seminar
(Dec. 1512015, Jim Olsen)

EXO-15-004

Combined limits and p-values

s
o
T

95% C.L. limit o(pp—> G-yy) (fb)
3

—— Observed limit
— - Gg—7Y (LO)

CMS Preliminary 26 ' (13 TeV)
- % =0.01
" \ --- Expected limit
25— 1o
& \ N 20
20f \

2x10°  3x10°

m, (GeV)

95% C.L. limit a(pp— G—y) (fb)

CMS Preliminary 26f'(13TeV)
a5k % Eabi

- --- Expected limit
30} 10

E B +20
25 L= — Observed limit

. — - Goe—YY (LO)

95% C.L. limit a(pp—> G—yy) (fb)

CMS Preliminary

2.6 ' (13TeV)
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"%=02
--- Expected limit
t1o
Bl t20
—— Observed limit
— - Gg—YY (LO)

Gmcostarecan

ok
5x102 10°

3x10°
m, (GeV)

2x10°

Narrow Width — Wide (6%) Width

CMS Preliminary

26’ (13TeV)

CMS Preliminary

26’ (13TeV)

. = 10 -emmaa 1o
‘04,:_ K = 0.01 |0»1:_ E: 0.1

i — Observed P, — Observed P,

; ———————————————————————————— L e | 20

: ( Local p-value: 2.6c _

10 02}

: @ 760 GeV
102 = ! F 3 e So

5x10% 10° 2x10°  3x10° 5x10? 10° 2x10°  3x10°
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102

26M"' (13 TeV)

CMS Preliminary

= 1o
K=0.2
— Observed P,
"""""""""""""" 206
""""" ESseS e 306
2x10°  3x10°
m, (GeV)

Including LEE (0.5 - 4.5 TeV; narrow width), global p-value < 1.2

CMS Collaboration - 13 TeV Results

15/12/2015
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Events /10 GeV
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arXiv:1506.02301v2
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95% C.L. limito(pp— G-yy) (fb)

2.6fb’' (13 TeV) + 19.7 f6' (8 TeV)

CMS Preliminary

- \ K = 0.01
14 \ - -- Expected limit
12— \ B 20
- — Observed limit
10— \ — - Ggg—vY (LO)
8~
6
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21—
0 = l l 3 3 == 3
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CMS PAS EXO-15-004

*Combined Runl and Run2
* Assume narrow width :

102

-3

°[.ocal excess : ~30
*Global excess : ~1.7c

2.6fb" (13 TeV) +19.7 fb™ (8 TeV)

s Y \

¢ :-————————-"-‘.5 ———————————————— 1o
T e | e e e S 2 O
? K =0.01
~ —— Combined
- e 13TeV
. == 8TeV
[ S 30
9x10%10° 2x10° 3x10°

mg, (GeV)



0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35

0.3———

500
450
400
350
300
250
200
150
100

Btagging Efficiency

i— —— . ATLAS -
- —o— (&)
— —_— C
- ()
= ——— O
3 5
2 9,
éj_ — e O
B0 100 150 200 250 _ 300
b_ (GeV)
+
— ATLAS
B c
- 9o
©
L fo}
L —e— o
L o "ql
[ — +—
50 100 150 200 250 300

p, (GeV)

55



Light-jet rejection

10°

10°

10

B-tagging in Phase2
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Light-jet rejection

102 s

10

:':i‘tt.":i'%ti::"'tt"'t"i:"'tt"'it"%‘ti'?:iiii"'ti"'i"i:'t'ttftii:i'"tii":"f"ti"f """ fljg'"g’,’ﬁ{ﬁ]é{,’éﬁ"f-

0.5 0.6 0.7 0.8 0.9 1
b-jet efficiency

56



