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Outline

LHC performance in 2016

CMS and ATLAS: around 70 new results prepared in each case for
summer conferences.

— Searchesfor BSM physics, Supersymmetry and Exotica: exploring the new
energy domain

— Standard Model measurements: exploiting the sophistication of the
detectorsand exploring deeper the complexity of the Standard Model.
* Higgsboson
* SM measurements: EWK and top-quark related measurements

CMS results: http://cms-results.web.cern.ch/cms-results/public-
results/Drellmlnarv results/ICHEP-2016.html

ATLAS results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Summer2016-
13TeV

LHCb: New probes of CP violation.
LHCb results: http://Ihcb.web.cern.ch/lhcb/

Results at 13 TeV with 2016 dataset and some with 2015 dataset.

— ATLAS and CMS have already recorded about 5 times more data in 2016 than in

2015.
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LHC Peak luminosity
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— Electron cloud still very
much with us but effects
under control

— Reduced beta* and lower
transverse beam sizes
from theinjectors

compensating the lower
number of bunches
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LHCb and ALICE: levelled operation at ~3x1032 and ~2x103° cm™2s ' respectively
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Luminosity 1e30 cm-2s-1

LHC: Luminosity lifetime/Availability/Prospects

ATLAS luminosity and fit - Fill 5102 Average tau: 24.

12000
10000 ¥\
8000

6000

4000

2000

0 5 10 15 20
Time (hours)

Access - Mo beam: 10.56%

August 2016

Excellent luminosity lifetime — main
component - proton loss to inelastic
collisions in ATLAS, CMS and LHCb

Good peak luminosity, excellent
luminosity lifetime

Stunning availability
Sustained effort from hardware
groups

Peak luminosity limited to ~1.7e34
by inner triplets

~40 fb'/yearin 2017 and 2018
Prepare for HL-LHCand post-LS2 LIU
era

* Preparefor 7 TeV operation
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Integrated luminosity [fb1]

Integrated luminosity

LHC is enjoying the
benefits of the decades
 ~20fb'deliveredto ATLAS & CMS long international

* 3 fb"'/very good week design, construction,
installation effort —

foundations are good
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ATLAS data samples ;
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Exceptional LHC performance in 2016 £

following 13 TeV commissioning in 2015 =
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Data quality in 2016: >90% of data

collected usable for analysis
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Pileup often above
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Luminosity uncertainty

+2.1% (2015)

+3.7% (2016, preliminary)
+2.9% (2015+2016, prel)
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ATLAS trigger

Complex trigger menu designed to
meet varied physics, monitoring
and performance requirements

— ~2000 active menu items
— Stable main primary triggers
— Level-1running at ~85 kHz

— Average physics output rate
~1kHz

A few, example, trigger thresholds (GeV)

E (e) > 24-26

p.(y) > 24-26

E™* >90-110

E_(jet) > 380

E_(y) > 140

p(u1,u2) > 6,6 + topo/mass selections
E_(y1,y2) > 35,25

August 2016
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Trigger Efficiency

Efficiency
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Dealing with Pileup close or above 40 is a challenge!

CMS Average Pileup, pp, 2016, vs = 13 TeV
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Efficiency

CMS: Trigger upgrade performance
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CMS: Physics Objects Performance
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Top and Electroweak measurements: , « . A
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Top and Electroweak measurements

Jwne20t6 " CMS Preliminary

A 3 7 TeV CMS measurement (L < 5.0 fb™)
A # 8 TeV CMS measurement (L < 19.6 fb™)

Tt T S S A A A 7 13 TeV CMS measurement (L <2.7 fb™)
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LHC: a Top quark factory

ATLAS and CMS 7 TeV

ATLAS and

CMS 8TeV

ATLAS and CMS 13 TeV

ATLAS+CMS P y LHCtop o y, s =7 TeV May 2016

NNLO+NNLL PRL 110 (2013) 252004
"""" my,, = 172.5 GeV, tx_(Ml) =0.118:0.001

scale uncertainty total stat

scale ® PDF @ ag uncertainty

ot (stat) + (syst) + (lumi)
ATLAS, l+jets e 179+4+9+7pb L,=07
ATLAS, dilepton (*) -y 17346 *Jpb L,=07
ATLAS, all jets (*) 167 + 18 £ 78 + 6 pb L,=1.0M
ATLAS combined ] 177 £33 £7pb L0710
CMS, I+jets (*) —tot—£ 164+3+12+7pb 0.8-1.1 1
CMS, dilepton (*) et 170+ 4 + 16 + 8 pb L1
CMS, 7, +u (%) ——— 149 +24 + 26 + 9 pb L=
CMS, all jets (%) — 4 136 + 20 + 40 + 8 pb
CMS combined ——] 166 + 2 £+ 11 +8pb 0.8-1.1 b
LHC combined (Sep 2012) . 173+ 2+ 8+6pb L0711
ATLAS, |+jets, b—>Xuv ——H 165+2+17 +3pb L =471
ATLAS, dilepton ey, b-tag HeH 1829+31+42+36pb L =46m’
ATLAS, dilepton ey, N, -E7* e 18124287, £+33pb
ATLAS, 1, tets ————%—+—1 194+ 18+46pb
ATLAS, all jets 168+12° 5 +7pb
ATLAS, 1, # —j—— 183+9+23+3pb
CMS, I+jets =t 1617 £+6.0+120£36pbL =s50m
CMS, dilepton ep HeH 1736+2174;+38pb L =50m
CMS, 7, + bttty 143+14+22+3pb L, =22
CMS, 1, +ets ———— 152+12+32+3pb L3901
CMS, all jets —t———y 139+10+26 £3pb L=35%
(*) Superseded by results shown below the line
1 NNPDF3.0 JHEP 04 (2015) 040
[ MMHT14 EPJC75(2015)5

Effect of LHC beam : CT14 PRD 93 (2016) 033006
‘energy uncertainty: 3.2 pb : ABM12 PRD 89 (2015) 054028
{not included in the figure) (M) =0.113)
IIIIlllllIlIlllllllllllllllIlIlIlIIIl
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m,,, =172.5 GeV, n.(MZ} =0.11820.
scale uncertainty
scale ® PDF @ o uncertainty

ATLAS, lepton+jets

PRD 91 (2015) 112013, L, =203 "
CMS, lepton+jets
arXiv:1602.00024, L, = 19.6 o™

CMS, lepton+t,
PLB 739 (2014)23, L, =196M"

JHEP 02 (2014) 024, L, =53f"

ot
LHC combined ey (Sep 2014)
ATLAS-CONF-2014-053, CMS-PAS TOP-14-016,
L, =53-203M"

CMS, dilepton ep

arXiv:1603.02303, L, =19.7 "

CMS, all jets

EPJC76(2016) 128, L, =184

Effect of LHC beam
energy uncertainty: 4.2 pb
(not included in the figure)

lllllllllllll

ATLAS+CMS Preliminary LHCIOpWG ©,; summary, {s=8Tev
NNLO+NNLL PRL 110 (2013) 252004

|

May 2016

001 total stat

o, & (stat) £ (syst) % (lumi)

—#— 26012 +8pb

2285+3.8+13.7+£6.0pb

——e—— 257+3+£24+7pb

ATLAS, dilepton ey = 2424£17+557.5pb
EPJC74(2014)3108, L, =203
CMS, dilepton (ee, pu, ep) b 239.0+2.1£11.3£6.2pb

2415 +14 £57 +£6.2pb

+63

b 2449114 52+64pb

2756+6.1+378+7.2pb

NNPDF3.0 JHEP 04 (2015) 040

MMHT14 EPJC75(2015) 5
CT14 PRD 93 (2016) 033006

ABM12 PRD 89 (2015) 054028
[o,M,) = 0.113]

IJlIlllJllllllll

ATLAS+CMS Preliminary LHClOpWG G,; summary, Vs=13TeV

NNLO+NNLL PRL 110 (2013) 252004
"""" m,,, = 172.5 GeV, a_(Mz) =0.118+0.001

scale uncertainty

scale ® PDF @ o uncertainty

ATLAS, dilepton ep et 818+8+27+ 19 pb
arXiv:1606.02699, L =3.2 b
ATLAS, dilepton ee/up * ——— 749 + 57 + 79+ 74 pb
ATLAS-CONF-2015-049, L =85 pb”' 1 B
ATLAS, l+jets * ) f———m—— 817+ 13+ 103+ 88 pb
ATLAS-CONF-2015-049, L = 85 pb’
CMS, dilepton e 746 + 58 + 53 + 36 pb
PRL 116 (2016) 052002, L = 43pb”, 50 ns
CMS, dilepton ey * 793+ 8+38+21pb
CMS-PAS-TOP-16-005, L, =221b”, 25 ns
CMS, l+jets * e 835+ 3+23+23pb
CMS-PAS TOP-16-006, L, =23 "
CMS, all-jets * ; —+e+—— 834+25+118+23pb
CMS-PAS TOP-16-013, L, = 2.53 fb
NNPDF3.0 JHEP 04 (2015) 040
l MMHT14 EPJC75 (2015) 5
* Prelimi
relminary CT14 PRD 93 (2016) 033006

Effect of LHC beam
energy uncertainty: 12 pb
(not included in the figure)
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Precision of measuremet comparable to theory precision
LHC and Tevatronresults consistent and in agreement with NNLO+NNLL

August 2016

QCD@LHC 2016, Zurich

1000 1200 1400

14



Top quark: Inclusive and differential cross-sections

I T T I I T T T I T I

— Tevatron combined 1.96 TeV (L <8.81fb )
CMS ep*5.02 TeV (L = 26pb)

ATLAS en7 TeV(L=4. 6 fo™)
CMSeu7TeV(L=5fb"

ATLAS en 8 TeV (L=20.3 fb b
CMSeun8TeV(L=19.7 b7

LHC combined ep. 8 TeV (L = 5.3-20.3 fio™)
ATLAS ep 13 TeV (L= 3.2 fb )
CMSep*13TeV (L=2.2fb™)

ATLAS ee/up* 13 TeV (L =85pb’)
ATLAS I+jets* 13 TeV (L =85 pb”)
CMS I+jets* 13 TeV (L=2.3fb")
CMS all-jets* 13 TeV (L = 2.53 fb™)
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== NNLO+NNLL (pp) L
| Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs [TeV] _|
~ NNPDF3.0, m,__ = 172.5 GeV, o,,(M,) = 0.118  0.001 -
B I 1 | 1 I 1 | 1 I | 1 1 | | 1 | | 1 1 | ]
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(s [TeV]

LHC and Tevatron results consistent and in agreement with
NNLO+NNLL over alarge range of centre-of-mass energies
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Top quark: Inclusive and differential cross-sections

2.53fb" (13 TeV)
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CMS, 2.5fb",13TeV, all-jets, differential pT
Resolved & boosted, CMS-PAS-TOP-16-013

CMS, 2.5fb",13TeV, l+jets, differential pT
CMS-PAS-TOP-16-008

CMS, 2.2fb",13TeV, dilep, differential pT(t),
y(t), y(tt),m(tt),Ad(tt), CMS-PAS-TOP-16-007

Similar trends as in 8TeV. Top pT modelled
too hard (improves with NNLO pQCD)
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pL" [GeV]

ATLAS, 3.2fb",13TeV, l+jets, differential pT
Resolved & boosted, ATLAS-CONF-2016-040
n(jets) in dileptons: ATLAS-CONF-2015-065
CMS, 2.3tb",13TeV, dilep, ttbb, ttjj
CMS-PAS-TOP-16-010
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Top quark: other measurements

CMS, 12.9 fb", 13TeV, ttZ,

CMS ttZ and ttW ‘ ttW, CMS-PAS-TOP-16-017

CMS Preliminary 12917 (13 TeV) w 50(EMIS Prelfminary | 12.9Ifb" (13 Tev)

8% | waes e Bay  Shudes e

tt-Z coupling o ] =':V>; E

Important backgrounds =‘~"ﬁZ E 22: — ;

o(ttZ) =0.70 +0.16-0.15 . Wowom 25 Wronpromet 3

+0.14-0.12 pb . : 20¢ S B

o(ttWw) =0.98 +0.23-0.22 ] 15 E
+0.22-0.18 pb 10

(— ttW: 3.90, ttZ: 4.60)

=0b =1lb,=0mb =0lbz1mb =1lbz1mb =0b 21lb,=0mb =0lbz1mb =1lb=1mb

ATLAS 13TeV, Wt-channel

ATLAS Preliminary o S —— Da.laI 2015
- Wt
. . ¥s=13TeV,3.21" -E s
Binned profile LLH, on BDT, s e
Diboson

wz Total unc.

o(Wt) = 94 +10+28-23 pb

ATLAS, 3.2fb-1, 13 TeV, Wt-
1.2
channel., ATLAS-CONF-2016-065 ke @WW’W%W% WM;WWWMW )%%

O-B_MH [ R B

Data/Pred.
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CMS + ATLAS m,,

LHCtopWG precision of 0.3%

ATLAS+CMS Preliminary LHCIOPWG m,, summary, Vs = 7-8 TeV Aug 2016
""""" World Comb. Mar 2014, [7]

stat

total uncertainty total stat

My, = 173.34 + 0.76 (0.36 + 0.67) GeV My, £ total (stat + syst) G Ref.
ATLAS, l+jets (%) 172.31+£1.55 (0.75 £ 1.35) 7Tev [1]
ATLAS, dilepton (*) 173.09 + 1.63 (0.64 + 1.50) 7TeV [2]
CMS, l+jets 173.49 £ 1.06 (0.43 £ 0.97) 7 TeV [3]
CMS, dilepton 172.50 + 1.52 (0.43 + 1.46) 7 TeV [4]
CMS, all jets 173.49 + 1.41 (0.69 £ 1.23) 7TeV [5]
LHC comb. (Sep 2013) 173.29 + 0.95 (0.35 + 0.88) 7 TeV [6]
World comb. (Mar 2014) 173.34 + 0.76 (0.36 + 0.67) 1.96-7 TeV [7]
ATLAS, l+jets 172.33 £1.27 (0.75 £ 1.02) 7TeV [8]
ATLAS, dilepton 173.79 £ 1.41 (0.54 £ 1.30) 7 TeV [8]
ATLAS, all jets 1751+ 1.8(1.4£1.2) 7Tev [9]
ATLAS, single top 1722 +2.1 (0.7 £ 2.0) 8 TeV [10]
ATLAS, dilepton 172.99 + 0.81 (0.34 £ 0.74) 8 TeV [11]
ATLAS, all jets 173.80 £ 1.15 (0.55 £ 1.01) 8 TeV [12]
ATLAS comb. ((ioe 201° 172.84 £0.70 (0.34 + 0.61)  7:87ev [11]
CMS, l+jets HeH 172.35 £ 0.51 (0.16 £ 0.48) 8 TeV [13]
CMS, dilepton 172.82 £1.23 (0.19 £ 1.22) 8 TeV [13]
CMS, all jets 172.32 £ 0.64 (0.25 £ 0.59) 8 TeV [13]
CMS, single top 172.60 + 1.22 (0.77 £ 0.95) 8 TeV [14]
CMS comb. (Sep 2015) 172.44 +0.48 (0.13 £ 0.47)  7:8TeV [13]

[1] ATLAS-CONF-2013-046

[2] ATLAS-CONF-2013-077

[3] JHEP 12 (2012) 105

[4] Eur.Phys.J.C72 (2012) 2202
[5] Eur.Phys.J.C74 (2014) 2758

[6] ATLAS-CONF-2013-102
[7] arXiv:1403.4427

8] Eur.Phys.J.C75 (2015) 330
[9] Eur.Phys.J.C75 (2015) 158
[10] ATLAS-CONF-2014-055

(*) Superseded by results
shown below the line

[11] arXiv:1606.02179

[12] ATLAS-CONF-2016-064

[13] Phys.Rev.D93 (2016) 072004
[14] CMS-PAS-TOP-15-001

I1 75I ] | |1 80I | ]

mtop [GeV]

] | |
165 170

Indirect measurements of myete
compatible with measured mgc
within precision of + 2 GeV

k pole mass measurements July 2016

1), 1.96 TeV
3 (2011) 422 @
18 approx. NNLO

1, 1.96 TeV

» 6453-CONF (2015)
)8 NNLO

), 1.96 TeV

105.06168 (2016)
18 NNLO

3 o(th, 7+8 TeV
4 (2014) 3109

167.50 ¥520 , o Gev

— 169.50 +3-30 , - Gev

— @ 17280 %338 . Gev

+2.50
—@— 17290 260 GeV

3 tt+] shape, 7 TeV

0 (2015) 121 —@— 17370228 , . GeV

T(ti), 7+8 TeV 173.80 +1-70 GeV

303.02303 (2016) — e -1.80 O¢

t +.

5'5'.03'(‘2%‘1’23 8TeV @ . 16990%452 ;  Gev

5(t), 13 TeV 1 +2.70

’_006’ (2016) — @ 72.30 2130 GeV

combination +076

CDF, CMS, DO g 17334 -0.76 GeV

103.4427, standard measurements

| | | | | | | | | | | | | | | | | |
160 170 180

m, [GeV]
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W and Z at 13TeV

ATLAS , 81 pb, 13TeV, W, Z, W+/W-, W/Z
Phys. Lett. B 759 (2016) 601

LHCb, 294 pb™, 13TeV, Forward Z2.0 <|n| < 4.5
O*, ZpT, y(Z) arXiv:1607.06495
o(Z->1) =194.3+0.9%3.3+7.6 pb

CMS, 2.8 fb",13TeV, m(2)
CMS-PAS-SMP-16-009

2.8fb7 (13 TeV)

— E
> 10°E-CMS Preliminary
® 102 C - *
G E e, ;! Y IZ - up
B 10 ? e .n
o 1
£ 107F \“w
o F -
S0 e,
_8 10 . E —e— Data *"":m
10*F +
105 Er —=— aMC@NLO ™ *
1078 ;— —5— FEWZ (NNLO QCD + NLO EW) —
107 1 | 1 I T B B 1
S s ] Stat+Syst.
é 1.2 B Stat. - -
g ‘| gy, .-O..W!.._..!_._._S_____. . > »
5 o5 * z
8 0.4 .
% 13 E . »:
o 2E sest® e ® . i
:@ 031_.. e ...c..uou.w'- .o .o Y .
5 SE .
20 30 40 100 200 300 1000 2000
m [GeV]

August 2016

(Gpred/Gmeas)fid

ATLAS
13 TeV, 81 pb’

luminosity @ experimental uncertainties
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Inclusive (W,Z) and differential (Z) cross sections %
— Percentage-level precision, consistent with SM
Starting differential cross section measurements

19



% bb Cross-Section at 7 and 13 TeV

LHCb has measured the cross-section for the process pp—bbX at both 7
and 13 TeV centre-of-mass energies, in the pseudorapidity range2<n<5

* Themeasurementis made using semileptonic decays of b-hadrons

= A1 1

5 35

= F——

’|‘ 2.3

gL T

8 15

N

< 05 7T€V !_HCb-PAP;R-zo16-031

In preparation
obE4— )
2 3 4 5

Theratio of 13 to 7 TeV cross-sections appears to depart from FONLL theory
predictions at low n, furthertheoretical progress needed
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Events

Multi Boson production: WW -> |vlv

Signal selection

— Opposite-sign high-pT isolated leptons (ee, uy, ep)
Missing transverse energy (reduce Drell-Yan)
— Jet veto (reduce ttbar), (outside the mZ mass

ATLAS 20.3 fb", 8TeV, WW, arXiv:1603.01702,

arXiv:1608.03086 (W*W-productionin association
with one jet)
CMS 19.7fb", 8TeV, WW, EPJC 76 (2016) 401

window, if of same flavour). jet btagging. Either jet veto or 0 1jet categorization.

Background, total 15 — 307%,

WZ, ZZ and VVV are estimated from simulation

Mainly ttbar [ tW, W/Z+jets (measured with data), DY with MC normalized to data
Wijets: Control region with one nominal lepton and one loose lepton, crucial for HWW
Top: Jet multiplicity distribution in ttbar control region (using b-tagged jets)

Excess in early cross section measurements from both ATLAS and CMS has triggered a
lot of theory papers about the NNLO calculations and further investigation on

resummation effects at large logs
This measurement attracted a lot of attention

CMS 19.4 fb' (8 TeV)
— ! | ‘ . | - > 1000[- +Data BWZ/ZZVVY
12000~ ATLAS —4— Data - I B WwW Top gquark
r _ 1 [ Top Quark MC B mHiggs boson mDY
L 1s=8TeV,2031b ] T9) i § .
L . ] wwMC ] ~ Wijets
10000}~ e*v v channel B Drell-Yan MC . ‘;; 800 \
C B W-+jets MC ] - B
r I other diboson MC e 5 i ‘.\\\ )
8000~ %54 stat. unc - 5 600l % R 0-jet _
C . - " ee/ptuletu/ept
6000— — i N .
L 400 %e
4000= — i %\
- . & ¥
2000— _L — 200_— 5 \
[ N = -
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Jet multiplicity 2 15 1 T J|. .
T fesereentetbiidigg oy 144 H HH .
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Multi Boson production: WW ->

ATLAS: arXiv:1603.01702 CMS: EPJC 76 (2016) 401:

Events with same-flavor and
different-flavor lepton pair, with
0 and 1 associated jets, are used
to measure the inclusive cross
section.

pr"W-resummed calculation used
for extrapolation to the full W-
boson decay phase space.

Cross section measurementuncertaintyis ~8.5 %
Dominant theory uncertainty in epy comes from jet veto
(3.4%), parton shower, hadronisation and underlying-
event uncertainties (2.5%)

The combined total cross sectionis compatible

with NNLO within 1.40

ATLAS: arXiv:1608.03086 (W+W-

production in association with one jet)
Extend the previous measurementto 1-jet final
states. In combination with previous result
provide a WW+x< 1jet fiducial cross section with

=60.1 £ 0.9 (stat) + 3.2
reduced logarithmic dependence © 9 (stat) 3.2 (exp)

+ 3.1 (theo) * 1.6 (lumi) pb

1cti o +1.3
The result on total cross sectionis 12% more SM NNLO prediction: 59.8"'3,, pb

precise than the previous ATLAS measurement

LA L L A L L L L
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Shapes of the measured unfolded
differential distributions agree with
the predictions at the level of 157%
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contribution from non-prompt background.
o(pp — WZ) = 39.9 + 3.2 (stat) 33

SM NNLO prediction: 50.0+1.1-1.0pb

1 (syst)
+ 0.4 (theo) =+ 1.3 (lumi) pb.

o(WW) =115.3 £10.9 pb
(<> NNLO: 120+3+2pb)
(w/o H—WW)

CMS PAS-SMP-16-006

CMS, 2.3fb-1,13TeV, WW, ep+0/tjet

ATLAS, 3.2fb-1,13TeV, WW, ey, 0 jet
o(WW) =142 +5+13+3pb («> NNLO: 128 + 4pb)
ATLAS-CONF-2016-090

Both coll: WW cross section at 13 TeV, with 10% precision, sys.
limited, consistent with NNLO

Both coll: ZZ cross section with 14% precision, statistically
limited, consistent with NNLO (and NLO), CMS also Z->41

WZ ->3Inuresults submitted to journal, ATLAS is compatible
with the very recently calculated large NNLO corrections,
while CMS below.

Good agreement in general between measurements and
recent NNLO predictions at both 8/13 TeV

No deviations from SM observed in the search for
Anomalous Triple Gauge

Couplings, limits start to surpass LEP results

=
o
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- ATLAS Preliminary
- NNLO WW (MSTW PDF)  (arXiv:1408.5243 [hep-ph])
+ NNLO H-WwW (MSTW |:)D|:)(ar)(iw:1307.134?r [hep-ph])

- — WW (pp)
— WW (pp)
(incl. H— WW above 7 TeV)

LHC Data 2015 (1s=13 TeV)
B ATLAS WW (3.2 b

LHC Data 2012 (\s=8 TeV)
® ATLAS WW (20.3 1B

LHC Data 2011 (ys=7 TeV)
O ATLAS WW (4.6 b

Tevatron (1s=1.96 TeV)

¥ Doww (9.7 fb”
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Total production cross section [pb]

Atlas summary on top and EWK results
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Theory
n @ Measurement

<04

i o
pp — tt

[ o X
L pp —> WW
pp — WZ
pp — H
- pp > ZZ

NNLO+NNLL

NLO+NNLL

NNLO

NNLO

LHC-XS (N°LO ggF)

NNLO

4

QCD@LHC 2016,

Zurich

2 pp - tF
7 TeV, 4.6 fb™!, Eur. Phys. J. C 74:3109 (2014)

8TeV,20.3 fb", Eur. Phys. J. C 74:3109 (2014)
13 TeV, 3.2 fb™, arXiv:1606.02699

¥ pp —tq

7 TeV, 4.6 tb™', PRD 90, 112006 (2014)

8 TeV, 20.3 fb™, ATLAS-CONF-2014-007

13 TeV, 3.2 fb™", ATLAS-CONF-2015-079

$ pp > WW

7 TeV, 4.6 fb™", PRD 87, 112001 (2013)

8 TeV, 20.3 fb™, arXiv:1608.03086

13 TeV, 3.2 fb™", ATLAS-CONF-2016-090

Y pp —> WZ

7 TeV, 4.6 b, Eur. Phys. J. C (2012) 72:2173
8 TeV, 20.3 fb™, PRD 93, 092004 (2016)

13 TeV, 3.2 fb™", arXiv:1606.04017

o pp—H

7 TeV, 4.5 b, Eur. Phys. J. C76 (2016) 6

8 TeV, 20.3 fb™", Eur. Phys. J. C76 (2016) 6

13 TeV, 13.3 fb™", ATLAS-CONF-2016-081

X pp—2ZZ

7 TeV, 4.6 fb™", JHEP 03, 128 (2013)

8 TeV, 20.3 fb”, ATLAS-CONF-2013-020
13 TeV, 3.2 o™, PRL 116, 101801 (2016)
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In the flavour sector, LHCb is, among many
other measurements, probing CP violation
in new processes

First evidence for CP violationin A, —pTt-
TC+TT-

* Searching forlocal CP-violating effects
in A\, —pTm-Tt+1t-decays as a function of
therelative orientationbetweenthe
decay planes formed by the p7t- and
Tt+7T- systems ()

Evidenceis found for CP violation at the
3.30 level

First evidence of CP violationin the
baryon sector

August 2016

QCD@LHC 2016, Zurich

CP Violation at LHCI3 — N\, Dec

ays
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% Search for CP Violation in Charm Decays

be very small in the SM, but can be enhanced
by new physics

— Most precise measurement of Aqp(D°—K*K") g ceals L'HCb'muon;gge; N
N(DO - f) - N(Eo —> ?) . 'i< § LHCbmontagged
—0 = with f=K*K- <
N(DO - f) + N(D" - F) 3
— Flavour of D° is tagged using the t* charge niilly) 7/ e 2

from D**—D°(K*K')m* decays
Acp(K~K™) = (0.14 £ 0.15 (stat) & 0.10 (syst)) %

Combining this with a previous LHCb result '0'5_1 o 1

using muon charge in semileptonic B—DuX 0.5 0
decays as a tag, the most precise CP violation

measurement from a charm meson decay from

an individual experimentis obtained:

Acp(K~ K1) = (0.04 £ 0.12 (stat) + 0.10 (syst)) %

August 2016 QCD@LHC 2016, Zurich
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HIGGS H(125) physics

Higgs boson at 125 GeV has opened up as many questions
as it has answered
Run-1: Discovery!

its mass has been measured with high precision (£0.2%) Phys. Rev. Lett. 114,
191803

Its spin-parity

production via gluon-fusion, vector-boson fusion, and associated witha W or
Z, arXiv:1606.02266

decays to yy, WW, ZZ, and the fermionicdecay to tt

In Run-2: Consolidation and full study of its properties.

Establish and measure at 13 TeV: H->ZZ->4| (CMS-PAS-HIG-16-033, ATLAS-
CONF-2016-079), H-> vy (CMS-PAS-HIG-16-020, ATLAS-CONF-2016-067), H-
>WW (CMS-PAS-HIG-16-023), ATLAS combination (ATLAS-CONF-2016-081)

Search for ttH production to probe ttH vertex directly (ATLAS-CONF-2016-
080, ATLAS-CONF-2016-058, ATLAS-CONF-2016-068, CMS-PAS-HIG-16-022,
CMS-PAS-HIG-16-004)

Search for H — bb decays (CMS-PAS-HIG-16-003, ATLAS-CONF-2016-091, 063)
Search for rare decays

Refine measurements of couplings (including HH), mass, etc

Expand use of H as a tool to find new physics (e.g. portal to Dark l\/\atter)

August2016 QCD@LHC 2016, Zurich



Individual channels: H-> bosons

The original ““discovery channels”, updated to full run 1 luminosity, final and published
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™30k B Zy, ZZ = B E —— 5+ ¥ia {waighied sum) i) — H- W e et
a [ 24X 1115 2 - G 150 [ bl uncertainy ]
T 25 3 . 120 3 1
o [ i o] JHEP 01 096 | |
@ 20} [PRD 89092007 | | || & 4 gy EPJC 743076 || | & 100} .

- ] g_ ! io=raatE “‘hﬁ"‘"—nz 'g

151 LU | E E 05F iy, =124.70 2 034 Gev =
: | : - 1 l l — 50
10 f | - @ T T T T EE
5[ E 2D
%80 100 200 300 600 80D .
10 115 120 126 130 135 140 145 150 Solloo o Lo b s b 1
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Individual channels: H-> fermions
H — 77 VH/VBF, H — bb

N )
L | T rrr T | | B | T rrr T - T 1 I LI B L B L T LI | I ] T rr ]
e L T 10[- 4TS TN
= . M ois=BTeV [Lat=2031" m Diboson ‘
[ Background u=1.4) ] M Dete2 rep.,sz jets, 2 lags EZ3 Uncertainty

<===-- Background {u=0]

8- Welghted by Higgs S8

Events / bin

10°F W rzsyc et JHEP 01 069
] H{128) s fu=1) 6-— E

10° | JHEP 04 117 e : 4= 052+ .32+ 24
i : S=1.40(2.60)

10p How E 2t .

1| there is a deficit

in 2011 data
_+_ (not shown here)

- ATLAS

[ 1s=BTeV, 203"
15 15=7TeV, 451"
L P s o P o o e e P

LR S S e

a+0.43
p=1.437033
S=4.50(3.40)

Weighted events after subtraction / 20.0 GeV

m,, [GeV]
Iogml{Sf' B)
CMS, 4.9 fb" at 7 TeV, 19.7 b at 8 TeV
= el AL ! T s | . subm. PRD
O ospof MYV L ey warmeny e bl HI h) _ 1esw'@%Y | arXiv:1506.01010
=il 20 o L' '
r CcMS -e- Obszervad _ .G
E.G n _“g 9_ — Expecled { M= 28__'_% 3_
il ; £ 8- - - Exp. for SM m = 125 GeV/ = .
i 2000 ol = o I Expected (68%) 1 SZZQJ(UEU)
% i g L Expectad (95%) i
1500 44 VTR (R T el : :
s : ' m...[GeV] 3 s combined with
= - oo sMHS GV || JHEP 05 104 £ 4 VH(bb) from
@ 1000 - —8— Observed = =
= 1 C 2z a g 3r PRD 89 012003
— -Ii' b 2
e 500 |- [ Etectroweak A4 = UTS + 27 < i
wl - [Jaco b ¥ : 2 i p— L
= - :8_5"20(3‘?'0} E s 20 i 130 135 £= LO:t -4
LI - " Higgs Boson Mass (GeV) S_E.bJ(J.TJ)
0 100 200 300
\_ m... [GeV] AN J
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Indlv1dugl channels: ttH

Directly probing the largest H cou

-
ttH, multi-leptons (WW, ZZ, t)

= ::;t. ATII.AS Prelilminary I va=8 "IreV, 20.3 fo!

led (stat)

200, .| | PLB 749 i 28 % (131

a boe A 28 43 1A |

2017, e 4 09 37 {72

4 . 11835 28

1427,,41® | 96 17 |13

Combined = A 21 494 13

-

- 3 B 4 =

best fit w(ttH) =

ttH(H — vy)

tH(H — WW/t1/ZZ)

ttH{H — bb)

ttH Combination

o Z 4 L] ] 1 12 14

aae, for my =125 GeV

ATLAS

s=7 TeV, 4.5 fo
s=8 TeV, 20.3 tb™

fs= Expected + 1o
...... Expected + 26
—— Observed |
........... Injected signal (p=1)
VAN T T AT T T T S

compatible with SM, but both experiments see an excess at the 2-3 ¢ level

4 6 g 10 12
95% CL limit on p for m =125 GeV

A

- D
ttH, H — hadrons, photons, leptons
CMS 15=7TaV, 5.0-51" 13 =8 TeV, 19.3-19.7 i’
"1™ | JHEP 09087
b N e
1:|Ir|l I— .
4 —.—
3+ f i
Same-Sign 21 —
Combination — ——
Best fit o/og,, at m,, = 125.6 GeV
p=29"5g, pu<45(2.7)
ttH, H — bb, matrix element method
+1 EPJC 75 251
=127 1 < 42(3.3)
CMS
o S/
30




Individual channels: production/decay mode

ATLAS and CMS -o- Observed t1c ATLAS and CMS +ATLA§+CMS
LHC Run 1 = ATLA
LHC Run 1 Th. uncert. B -+ CMS
’Y'Y ) 'I" . —im
L - ,  startingto production Meer =
o ZZ| |~ #?  approachsM nal - ;
O WW - theory signa 0 e
ol ' uncertainties: 15% strengths  Fver =
LL v 5 Observed Hun —
g 2| I ~* 1 production w | -
WW1 -- ™ modes: ggF, VBF )
T o- " N .
Y —ei— " —
L ww| o " o
; TT —— ' |||HH||||||||HT-J‘|-|T||||LHJ||||||||L\u|||||||
bb - _:._ -1-050 05 1 15 2 25 3 35 4
: Parameter value
YY N ” . : dtecaygiilgnd ATLAS 2 OIS :iltﬁzmhﬂs
T WwWwW E ° stren S B | ety
N TT i T HYY —-.-— :;;Z
bb | S - B
YY 9 e —— F N — n# r
T ww| S e s i}
= - 9 5 ¢ : small excess in ttH pww —
i ~ : and ZH production | T
bb PR R R B .I M R .m.O(lje.s N B [T L
-6 4 -2 0 2 4 6 8 10 n
6 - B norm. to SM prediction oo ———
| \‘\H||||||i||||||| |
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The BEH scalar (H(125))

L e s e e e e L LN S S ws B S S B e B B By B
ATLAS and CMS —e—i Total Stat. = Syst.
LHC Run 1 Total  Stat. Syst.

ATLAS H—yy H——— 126.0240.51 (+0.4340.27) GeV
CMS H-yy e | 124.70 £ 0.34 (£ 0.31+ 0.15) GeV
ATLAS H—ZZ -4 e 124.51+0.52 ( £ 0.52 £ 0.04) GeV
CMS H—ZZ -4l ——— 125.59 £ 0.45 (£ 0.42 + 0.17) GeV
ATLAS+CMS yy I—E|EH 125.07 + 0.29 ( + 0.25 + 0.14) GeV
ATLAS+CMS 41 F—I‘E‘—| 125.15 +£ 0.40 ( £ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l = 125.00 +0.24 ( +0.21+ 0.11) GeV
PRI TR S SR PR " PR (TR S SR SN NN TN T SO T T ST SR T S N T
123 124 125 126 127 128 129
m,, [GeV]

EP> 1 ATLAS and cMS
2 - LHC Run 1

._._B [ Within current precision

= |z 10_1;‘ Higgs couplings scale E
2 - with particle masses

Fitting the 5 main
tree level coupling
modifiers + k, and
resolving all the
loops (BRgsy =0).

my, = 125.09 + 0.24 GeV=125.09 * 0.21 (stat) + 0.11 (syst) GeV

VBF+VH

f

u

Am,/m,=0.2%
—— —— -y T w16
- ATLAS and CMS CIH- v ™ - ATLAS and CMS ™
3LHC Run 1 [JH-zz 2[LHC Run 1 i
i [JH->ww : 1.4
2'_ [JH- [ — e8%CL ]
| Hobb 1 0. 95% CL 1.2
i | * Bestfit
L . I % SMexpected
o- 1 @ 1 o8
: ] DCombined |:|H—>W 0.6
L - o[ Hszz  [JHoww .
i —68°f|6 CL + Bestfit * SM expected 1 [ [H-r H—bb
L L L L L L | L L L L | L C o+ o 1w vy by L
0 1 2 . 3 0 0.5 1 1.5 2 0.4
uggF+ttH Ky

1072 3

107°¢

T T T

¢ ATLAS+CMS

SM Higgs boson |

— [M, g] fit

I 68% CL

[ J95mCL

107 1 10 102
Particle mass [GeV]

All vector and fermion

couplings scaled by ky and K

' ATLAS and CMS
. LHC Run 1

" [Jatasicus

- [ Jatias
[ Jowms

*

r — 68% ICL SM expected

08 1

1.2

1.4
K

\')
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Arbitrary units
o
]
o

L ATLAS

A scalar, beyond “reasonable” doubts

vy, WW, ZZ modes

AU [ UL [ U T TR U U
— Background —

- Vs=8TeV,2031b" K =
C '

- HoWW,n=0ex — S =2k =05k
C : : k =1,k

8 ~ T T 1 T 60
- - ATLAS

g 500 Vs =8 TeV, 20.3 fb’' [ ww " 9
haogt E H—)WW', n'=0.e’,l DTop E 0
‘2 400" [l othervv 20}
o u ] -40
w -60

0 0.5 1 1.5 2 2.5
A¢_[rad]

ATLAS and CMS exclude non-SM spin-o0
models and spin-2 models with >99.9 % C.L.

constraints on non-SM contributions to the tensor
structure of HVV coupling in S?=0*

(parameterised as Ky7,/Ksy , KazzlKsy-tana (ATLAS)
resp. A, a,, a, (CMS) )

CMS

[ M0 1o mS e
+

] E
— Exp+syst 1 X Wt el BEEw i ]
prsyst 1 X 49 .

-»-Observed ---Expected : @ :

. + i+E +32 +2 += +Z +E VE L Ei4E +2 42 1= +0 +B +E E =
o I o TR o TR o' TR o' R o T o' B & T oo N o TR o N o BN o N o' RN o RN o TR &Y IR o TR o' BN ot I o)

Alternatives tested: 0%, 1*
Excluded at >99% CL

and 2%;




H (1 25) at 1 3 Tev Many analyses in Run 2 follow closely the

methods and strategies developed in Run 1

AL LA e A AR AL . decay mode BR (%
ol i | ggH (87.40), 23 0ulog) L SEN T
,% C 7,H(NN\_0+NN\-\_QCD*N ~§ VBF (7.10/0) )
= k/ : - 3 o
%105 ) vhg.9%) H->tt 6.3 S/B<1 AM/M ~10-20%
g i op — aaH \NNLQOCD*NLZW‘ : E ttH (0.6% .
S / ; Bacl(< rou)l’wzs? (015/0) H->WW 21.5 S/B<1, AM/M ~ 30%
I e g( / )' H->ZZ 2.6 5/B>>1, AM/M ~ 1-2%
3-3(0/0s H->yy 0.23 S/B<1, AM/M ~ 1-2%
Given the luminosities collected (and used for the results

T e e s s 144 | presented here), in 2015: ~3 fb' and in 2016: ~13 fb™, there

' T V . ° °
“lV1 | are more Higgs bosons already in Run 2 than in Run 1!
> —— CMS Preliminary 12.9 fo (13 TeV)
& 20 Daa ATLAS Preliminary > 45 1 - - - — ]
% 180} ; g%cnkgrfugfckgmund H o Teés‘gé?’(a"b-\‘l’ E (GD) E o Data E
i i 3 b Signal AU < 40F [] H(125) =
Higgs H(125)is 7w —= sl B 3 ez
re-discovered " E ; i m o572 7 ;
in the maindecay ¢ E TR -
oL E 251 -
channels used ol E g E
° 4 E = 20 3
for the discovery ¢ ~ b 3
at 7 and 8 TeV A . ok E
ha E
; ) - 1N SE
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ATLAS-CONF-2016-079

H iggs->ZZ* CMS-PAS-HIG-16-033

H ZZ* e CMS Preliminary 129" (13 TeV)
H H : > _IIIII‘Illllllll“‘“‘l‘lllllllllll““llll“, >451\\|||\\Il_ll\“\lll\_\IIII\‘IIII‘\III‘\Illl\\Ill\\IE .
4 8 35 - ATLAS Preliminaryl&l 3?533 (m :125GeV)7i 8 E u = oc/osy = 0991932 e Data . in prOdUCtlon
Clear re- [To) CH— ZZ* — 4] Bl ZZ " 7 3 40; [] H(125) — mOdES
; & 30 F ey 148 - Zjets, f T e D a9-2Z.2r 1 targeted
observation, rate g [T B, VY © % s T<41MeV mggzzzy 108
consistent with & 251 EL 2 | 8gF, VBF,
. L C 30 My= 124.507 7,z (stat.) "5 (sys.) GeV
SM H expectation  5f E - " e | VH, ttH events
1.60 high - : 25F 1 Kinematic
( &) 150 - o0 6.40 - discriminant, MZ1,
) ol . - local 1 MZ2,5angles from
Extraction of - . 15 —| decay chain, matrix
i i C B 4 element, usedto
Slgnal through fit SE 10;_ ; enhance tﬁe signal
of m4l 0 E " purity of different
80 90 100110120130 140 150 160 1° E ] production modes
m,, [GeV] %0 80 90 100 110 120 130 140 150 160 170
Dominant systematic uncertainty: luminosity and lepton SF m, (GeV)
g 5 TrT l Trr l lb.l-l |T[l’ I llll I|e|vl)yl113; l' TID |- (lul Il-elvl)’l 1I2I.9| flb.l1 1(1I3[ -[I-elvl)
0 - i
=+ CMS Preliminary 1
© I o
= - + Data (stat. @ sys. unc.) AO’/O’ ,..,3 O°/ =
o} L o _]
. . . 4: = Systematic uncertainty ]
Fiducial cross-section measurements: N vosel epencarcs :
3| ey Standard model (m, = 125 GeV, N°LO gg— H) o
13 TeV Fiducial ¢ (fb) SM prediction (fb)
2._ i
ATLAS (14.8 fb')  4.541.02 3.07+0.2 , ., E E
CMS (12.9 fb) 2.29+0-74 (stat)*0-30 5 ,5(syst) 2.53+0.13 1= B
B i s i L Y R o
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ATLAS-CONF-2016-067

H lggs >"Y’Y CMS-PAS-HIG-16-020

. = Frr—r T = CMS Pre.'.'mmary 12.9 fb (13 TeV) .
Event categories S P e Dam ATLAS Prellmlnary 1 3 sl T T 5 All production
L. @ T Background 1s=13TeV, 133 10" - 8 r m?1'y2'y60 GeV. (i-0.95 A\Icategories ]
enhance SenSItIVIty % moi — g:gzzl + Background H—>'YY-AmH =125.09 GeV E > [ my=126. » u=0. S/(S+B) weighted ] mOdeS targeted
z C S/B weighted sum of B ‘S 4000 ¢ Data 7 F.VBF
and help separate 1.2 oventcatogores 3§ & — S4B it . 88r, Vb,
. E 3 s000— ™ e B component
production modes =& 7 B mm o | VH(only Atlas),
100F == TN [#20 1 ttHevents
E - g 1
. 80— = r ]
Signal extracted F ER s 1 5.60at
through fit of m,, in b ER ]
different event 200 - O L] ME=125.09 GeV
categories OE‘ 3 200 B component subtracted 6.1 o at
o °F E 100 -
— Main backgrounds: 2 3 . my=126 GeV
Yy and y-jet productiong o ; ~100F
WosE + + 3 100 {10 120 130 140 150 160 170 180
BEREET 120 130 740 150 760 my, (GeV)
m,, [GeV] l'f/rr_5 v =0. 95+(ﬂ i‘, =095+0.1 T(sfuf.)tﬂ:ﬂi{fhr:() )ﬂi “](sqsf ) |

Dominant systematic uncertainty: photon energy scale

. . . 19.7 fo! (ST V)+129fb (13 TeV)
and resolution and background choice bias 5 100p Ca T T
~ L Preliminary 7
% 90— E
E H—yy - ’E
. . . 80— ¢ Data (bestit m,) { s
Fiducial cross-section measurements: e g |
70 7 o, LHC Higgs XSWG YR4 - B
603_ - acc. AMC@NLO ) ., _E
13 TeV Fiducial o (fb) SM prediction (fb) F - ]
50— ’ ]
ATLAS (13.3 fb™") 43.2+14.9(stat)+4.9(syst)  62.834, , (N*LO+XH) F & .
4o0f- # NAolo~30%
CMS (12.9 fb1) 69416 ,,(stat)"®  (syst) 73.8+3.8 : ) .
30— p . —
e i
0 |t N TS TS NS S S W M
August 2016 QCD@LHC 2016, Zurich T s ol 1

\s (TeV) 36



o4 [fO]

doyg/dl yy, | [fo]

data / prediction

—_

60

40

20

... differential measurements in H-> yy and H-> ZZ*

. 3 - ]
CMS Preliminary 1290 1810 CMS Preliminary  129%'(13Tev) _ CMS Preliminary 129 16" (13 TeV)
L ) 1 = L A A A A A T - ! ] .
i b Dun sosys. unc) 777 oo-H POWHEGHUGen) + XH: @ 1 } Daia satosys. une) 777 gg-H (POWHEGHHUGen) + k= 10°F | Data (stat@sys. unc) 777 gg-H (POWHEG+HUGen) + XK
|- === Systemaltic uncertainty Model dependence B % E === Systematic uncertainty Model dependence E bE A Systematic uncertainty Model dependence E
_—I:|XH=V8F+VH+1IH 7 =, _1;|:|XH:VBF+VH+11H ] 10 [] x=veF s vh 4 .
i ] = 10% 3 g E
- 1 T b ! : ;
r b — - 1 1 e ) -
- 1 & je2b ] g wapy
B ] = 2 /}5 E . Gt 1

1 2 - ] 107 3 [ -
L . b - . 3 3
n 1 O 0% 3 — ]
B T : {4 | A ) L ) LAl S0 | ) 4 L L) 1) IE .2 '-—_ ;
i i I k1 0 0 A1 0 A o 107°F | } |
- st : 7 i
: 1 4 £ A
F b & 13f O 25
L o . "2
i 2 B e 15[ Y (T

s o S
S I : 5 ogsR = e — i g osf I | : :
4| 2e2u 4“' 4e 0 20 40 60 80 100 1201 4(|_‘||)6(|):é8é)\?:(|)0 0 1 2 2‘3
Pr N(jets)

very useful to improve MC codes and reduce systematic uncertainties

S EREERRE
FATLAS Preliminary

| 4~ data, tot. unc. [] syst. unc.
| H>yy, Vs =13 Tev, 133 fb"

LREAEA B B LN B S S R B

my, = 125.00 GeV 4

= gg—H NNLOPS + XH|
Kggp=1.10

==+ XH=VBF + VH + ttH |

sy lommdnmndrry

0 0.

T T T T T T T T T T

1 1 1 1
2 04 06 08 1

L L L L L L
12 14 16 1.8 2 22 24
[ Yyl

; 1-5 rrryrrTrrrTrTrrrrrrrryrrryrrrr T T T T
8 F ATLAS Preliminary my = 125.09 GeV

P [ -+ data, tot. unc. [] syst. unc. B 9g—H NNLOPS + XH;
= FHoyy {5=13TeV, 133" Kog o =110 ]
& F ==-XH=VBF + VH + ttH |

doyy/dp
1

Pafuliall BE RN SRR

lo=mcboomelemprydamcmbran-

0.5
e 0=
S
35 2
o
o
o
o |
=]
0 .
0 20

40 60
Py [GeV]

1 1 1 | 1 1
80 100 120 140 160 180 200

g [fb]

40

20

N o

data / prediction

S L L
| ATLAS Preliminary
-4 data, tot. unc. [] syst. unc.
FH—yy,Vs=13TeV, 13.3f0"

| m,_,=1‘25.09 G;v

= gg—H NNLOPS + XH]
Kggp=1.10 J
<=+ XH=VBF + VH + ttH |
anti k, R =04, pT>30 GeV|

'
crga==l~cresd 0 Ly
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... combination of H-> yy and H-> ZZ* (atLasconF2016-081)

Combination of H->yy and H->Z->4l inclusive
samples, with no categorization

T 70: L e L 7
= sob- ATLAS Preliminary * SM E
Higgs production is observed with 100 < C Vs=13 TeV, 13.3 folyy), 14.8 1b'(Z2) F Bestii 3
w 68% CL
significance (8.6c expected) with 13 TeV data & °0f m-1zs0scev e
. . . e - ]
in agreement with SM expectations 401 E
= T — 30F 3
ke> 100; ATLAS Preliminary — Oy y M, =125.09GeV N E_ _E
x [ S . QCD scale uncertaint ‘ ) 20F ]
1 | AH-yy 0H-2ZZ"-41 y - ]
& 80-— & conts. data syst. unc. mm Tot. uncent. (scale @ PDF+a,) 10;_ _;
3 of- =
60 _10: 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | I I 1 | 1 |:
[ 0 20 40 60 80 100
I (o-B)f /B, [pb]
40 ?
sl Precision already comparable
[ \s=7TeV, 451b" ] to Run 1
- Vs=8TeV, 203 1" 1
o {s=13TeV, 133" (y7), 14.81" (ZZ*)
R B i |
Vs [TeV]
Measurement at 13 TeV SM prediction at 13 TeV

o (pb)  59.0%97 4 ,(stat)**4 4 5(syst) 55.5*24, ,
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tt H pr'()d uction 9 R ——e— ATLAS-CONF-2016-080

_____ 4 CMS-PAS-HIG-16-004

(eStainSh thlS mode at 13 Tev) P R CMS-PAS-HIG-16-022

ATLAS-CONF-2016-058

Direct probe of top Yukawa coupling

Cross-section at 13 TeV ~4 times that at 8 TeV
Results with 2015,2016 data for:

— ttH, H—bb: categorize events according to amount of leptons, jets, b-
jets, main background tt+heavy flavour production

* ATLAS usesBDT to reconstruct Higgs and separate signal and background for
each category

CMSincludes now a boosted category and 2D matrix-elementand BDT

* Dominant systematic uncertainty: signal and background modeling and
normalization

— ttH, multilepton final states H-> WW, ZZ, tt
* 2-4leptons, 2 or morejets, and at least 1 b-tagged jet. Allows at least one T4
ATLAS cut and count analysis in main different category regions
CMS BDT based discriminants including matrix element weights

Dominant systematic uncertainty: fake-rate measurements and non-prompt
background estimates

— ttH, H—yy through H—yy event categorisation
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tt H prod uction ATLAS-CONF-2016-080, 058, 068 ATLAS Prefiminary i (56), 15 - 13 TeV, 13.2 b

CMS-PAS-HIG-16-004, 022 — gﬂt
tat.
@ C T T T T T T T 2 oof T o | -Y?H‘SM 3 Tot. ( Stat. Syst.)
S 700:_ ATLAS Preliminary -e Data 2 ATLAS Preliminary Elr;:ﬁ; sz!( .): 2o 4 2s
3 " \s=13TeV, 13210 1 -ttH sof |§=‘13TeV.13.2 for! [ Diboson -Non_;mmm ] Dilepton ——e—— 46 53 (45 Tg)
- 5 |:|ﬂ + light Pre-fit W GMisReco [ Other
600:_ ngle Lepian I:It! +21¢ 7or %/, Total Uncertainty ] A4 105 410
- >26j,24b Mt + 21b Single Lepton| e 1.6 1 (o5 09)
500 post-fit Ett+ V. sor o 1
r [ 1Non-tt ’ R A A
4001 7 Uncertainty Combined| e 215052 %9)
i — norm. 1
300 el 0 2 4 6 8 10 12 14 16 18
""" Best fit u = 6™/ o} for m, = 125 GeV
T T T T T T T T T T T T
ATLAS Prellmmary V=13 TeV, 132fb'

0 —tot. —stat. tot (stat, syst)
Bia5 b 3 ey Vg, sy, e 2/ 0tha re 40 %7 (4%, 199
a g WQ@WW%/ i
-~ 3 . . 261 Thag 6.2 *36 (+28 423
g0 | ATLAS ttH combination, p=1.8+0.7 e
O "-1-0.8-0.6-04-02 0 0.2 04 06 08 1 3| pelu 0.5 *7 {+1,2 +1.2

Classification BDT output 18 110 13
.. T— 1 4 o
CMS Preliminary 1297 (13 TeV) ’so cms Preliminary ___129% .':,1:.3.1_.3.\'” I <2.2(68% CL)
SEARLUAMM A RARY kel sk Aasaaens st e R B LT AR B e e e
§ wofrmr 18 | voua ] Comoraten) e B8 ori o)
- 3 C ]
1] s i W C M ) 0 5 10 15 20 25
3sp @Y 3 W _
EOTTZ ; 200~ e“ LTz - best fit e for m =125 GeV
30FL = i 3,5? ] CMS Proliminary  2.3+120 16 (13 TeV)

25 3 150 - m,, = 125 GeV |

3 - 7 - combined = +0.8

20 - - Hu 1 : p=2.0 -0.7

3 100 —
13 E L ce ] al
—- E L |.l=2.5 ::
10 E & 2,15, |
_: = w=0.0 14
E B ] ee,no T, -
§ — p=12'2
o E 3 F ==t unc. [ totai e I ] Hp e T
o —E E 1.5F L E H=26 *"?
%g % 1.0p ¥ . gL 0T |
8 7 8 o5 ] =243 -
{ 095 o 05 1 15 2 25 —2-10 1,2 3 4 5 6
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Searches: SUSY and Exotica

Major extension of reach compared to Run-1, and they probe well into the TeV, and

even multi-TeV, mass scale range

Main motivations to look for SUSY remain after run 1 results,

 Hierarchy problem (low-mass top squarks may cancel SM contributions to mH),

* lightest SUSY particle can be stable, weekly interacting and massive (DM
candidate), Big Questions

* unification of gauge couplings

e Exotica:
y Many Blg Extended
Questions beyond Mg o
Minimal
the SM to be Dark Matter
answered at TeV Compositeness,
xtra dimensions
scale

[o]
Partner

* Big ldeas highly
constrained from
theory and
observed
phenomena

wWiz'

Hidden
Sector

Multiverse

arXiv-1311.0299
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SUSY inrun 2 at13 TeV

* Substantially higher cross sections w.r.t. 7/8
TeV in Run1

— in particular for gluon-gluon processes
— most important gain for the highest masses

— For many SUSY searches higher than for
dominant SM backgrounds (W/Z+jets, tt)

three main scenarios

R-parity conserving (lightest SUSY particle=i’f)

e provides DM candidate

o ‘“classical” SUSY signatures with high missing ET (MET)
o strong or electroweak production

R-parity violating, different LSPs

e couplings strongly constrained (proton stability)
e loose MET handle for bkg reduction

e alternative signatures like high jet multiplicity

Gauge mediated SUSY breaking
- decay chains terminate with (low-mass, invisible)
- Typical signature: MET+ G photons or Zs from last decay step

August 2016 QCD@LHC 2016, Zurich
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Focus on specific
signatures, simplified
models guide optimisation

Data-driven backgrounds:
multiple control regions to
constrain MC predictions
and systematic
uncertainties

Validation regions: verify
background descriptions

Signal regions: sensitivity!
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Gluino decays to qq/bb/tt+LSP

CMS-SUS-16-014, 015, 016, ATLAS-CONF-2016-078, 052, 037

* Gluinos: highest SUSY production cross section, give access to other sparticles
via decay chains
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Gluino decays to qq/bb/tt+LSP

CMS-SUS-16-014, 015, 016, ATLAS-CONF-2016-078, 052, 037

CMS Preliminary
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Gluino production [ chargino

CMS-SUS-16-014, 019, 020, 022, ATLAS-CONF-2016-078, 054, 037

Decay chains in gluino production via a chargino and a W*

* Singlelepton search
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Same-sign di

leptons

e small SM backgrounds (multi-boson,

fake leptons, charge flip)

e binned in pT(I),mT, MET,HT, #jets
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TO p S q ua rkS Low-mass top squarks required for natural models N ﬂ
7 = R

CMS-SUS-16-029, 025 ATLAS-CONF-2016-050

favored decay via t(*) and LSP: final states classified according to W decay mode
* Eventtopology: WbWb+MET (ol, 11, 2l, )

* approachesSM tt signature for Am=m(t) and low LSP mass

if charginois accessible: alternative decay to b-chargino

CMS: Hadronic search

e optimizations for low and high Am

e high Am: using #jets, #b-jets, mT(b), and
MET; #tops and #Ws from jet substructure

129fb (13 TeV)
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Events

(ncb(.3 - nexp) / Gyt

ATLAS: 1l, in total, 35 signal regions
* basic selection on jets, b-jets, MET
* Aiming to cover m(x,°) vs m(t) plane

* Largest excess 3.30
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Top squarks

600

500

400

300

200

100

ATLAS summary

t{, production, t,— b f Z?/i% c Z?/f1—> W bi?/?1—> t 5{? Status: ICHEP 2016

CMS ol+1l combination
for 2-/3-body decay
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Electroweak Production
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Direct production of “electroweakino” pairs
— Decays via sleptons/sneutrinos

— Using benchmarks to illustrate different scenarios (depend on mixings and
nature of lightest slepton)

Multilepton searches
— 3 (or 4) leptons (includes combinations with 1 or 2 hadronically decaying ts)
— SRs binned in flavour&charge combination, MET, m(l1)/pT(Il)

CMS Freliminary 12.9 b (13 TeV)
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Electroweak
production: In flavor
democratic scenario
we exclude Chargino
massesup to1 TeV
(previous Runt limit
was 750 GeV)
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Exotica: Dark Matter Search
ATLAS/CMS searches assuming that DM is a WIMP

Runi )
SM DM SM DM
Arxiv:1507.00966 . ,
SM DM SM bM

q X DM (1)

Collider Dark Matter Signature - Mono-X:
ET miss +X a.k.a. Mono-X

Vv, A(ﬂ'fmed)

. DM{(my)
« XfromISRjet,b, t,y,W, Z q DM{m,)
* X from mixing with mediator

q DMimy)

DM interpretation using simplified model
to avoid EFT validity concerns

QCD@LHC 2016, Zurich
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Exotica: Dark Matter Search, Mono-jet/b-jets/top

Imbalanced transverse momentum ET miss

Irreducible background: Z(vv)+jets
e jets might be mis-reconstructed as b-jets, y, W, Z

CMS-PAS-EXO-16-037
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Exotica: Dark Matter Search, Mono-y/W/Z[H
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Dark Matter: Limits

Summary of all Dark Matter Searchesin Run2
Dark Matter Summary - ICHEP 2016

CMS Preliminary

CMS Preliminary

Dark Matter Summary ICHEP 2016
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Exotica: Search for resonances (Di-Lepton) ey

Same Flavor Opposite Sign (ee, py, TT) S
CMS-PAS-EXO--16-031, ATLAS-CONF-2016-045
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Exotica: Search for resonances (Di-jets)

Low mass search, HLT ‘scouting’,

Jet HLT info saved directly (CMS-Run1)
CMS-PAS-EXO-16-032, ATLAS-CONF-2016-069
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Model Final 129fb ' 24fb " 20fb !
State 13TeV 13 TeV 8TeV

String qg 74(74) 7.0(6.9) 5.0 (4.9)
Scalar diquark qq 6.9 (6.8) 6.0(6.1) 4.7 (4.4)
Axigluon/coloron qq 55(5.6) 5.1(5.1) 3.7(3.9)
Excited quark qg 54(54) 5.0(4.8) 3.5(3.7)
Color-octet scalar (k = 1/2) gg 3.0 (3.3) — —

W’ Q@ 27(31) 26(23) 2.2(2.2)
7/ @ 21(23) — 1.7 (1.8)
RS Graviton qq. gg 1.9(1.8) — 1.6 (1.3)

QCD@LHC 2016, Zurich
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Background modeled by parametrized function for search
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Exotica: Search for resonances (Di-jets, summary)
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A broad mass - leptophobic Z’ coupling parameter space
constrained by combining various dijet channels.
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D i b oson Re soOonance Excesses in Run1not confirmed in Run2

* RS Graviton mass limit up to 2 TeV
* HVT W’ mass limit up to 2.4 TeV
* ajointinterpretation of VV/Vh channel

CMS rreiminary 22-261 7 (13 TeV)
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Overlaying limits from all WZ searches -

no persistent excesses
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Exotica: Search for resonances (Di-photons)

* Significant excesses observed in 2015 data

27fb (13TeV 38T)
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My (.GeV) Localised excess seenin 2015 ATLAS data
CMS: the small excess at 750 GeV remained .
th f _ d final calibrati e 2.10 global (3.90 local) significance at
ere a gr reprocessing an | inal cali .ra .lon 750 GeV (spin-o search), width ~50 GeV
(CMS choice to reprocess prior to publishing). .
o ® After reprocessing, new 2016
Global significance of CMS 13 TeV(2015)+8 TeV .
reconstruction 3.4 — o local, at ~730 GeV
was 1.6 ¢ QCD@LHC 2016, Zurich
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Exotica: Search for resonances (2016 data) (Di-photons)
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CMS: no evidence of strengthening of 2015 bump
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ATLAS 2016 data: no clustering around
730-750 GeV, and 3.8x more data
e 2016 data consistent with 2015 at the

2.70 level

* Appears that the 2015 excess was a
statistical fluctuation
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Summary

Very successful operation of the LHC and the experiments (enhanced detectors
and trigger systems) in 2016.

Exploration of the new energy regime of 13 TeV has started (detectorsable to
cope with PU levels close to twice the design)

A broad scan of several different scenarios for physics beyond the standard
model have been performed, e.g.in SUSY: mass limits up to about 1.9 TeV
(gluinos) and 900 GeV (top squarks), and limits on EW production even for
small mass differences

Several measurements of Standard Model processes done, including various
with low cross-sections. New 13TeV results confirm 8TeV results with already
Impressive precision

New erain Higgs precision physics, Higgs re-discovered, ttH, H->bb

New probes of CP violation from LHCb

From this first look no significant deviation from the Standard model has been
observed. Data in general compatible with SM predictions at higher ordersin

pQCD.

The performance of the Accelerator complex at CERN makes us confident that it
will be possible to exploit the full physics reach of the LHC.
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