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LHC is the world’s largest collider (7-13 TeV)
ATLAS Collaboration (40 countries, 180 institutions, ~ 3000)
CMS Collaboration (41 counties, 184 institutions, ~2900)
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Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10'2 eV)
Luminosity 10%* cm? s

Bunch Crossing rate 40 MHz

Proton Collisions = 107 - 10°Hz
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CMS Integrated Luminosity, pp, 2016, s = 13 TeV
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Events/0.5 GeV
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Standard Model Production Cross Section Measurements
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June 2016 CMS Preliminary
[ [ [ [ [ [ [ [ [ [ [
cmle, measurements 7 TeV CMS measureme!nt (stat,stat+sys) +—+—o—+—
vs. NNLO (NLO) theory 8 TeV CMS measurement (stat,stat+sys) —+—es—+—
13 TeV CMS measurement (stat,stat+sys)—+—e——
1Y 1.06 £0.01+0.12 5.0 b
Wy, (NLO th.) 1.16 £0.03 £ 0.13 5.0 fb"
Zy, (NLO th.) ot 0.98 +0.01+0.05 5.0 fb
ZY, (NLO th.) e — 0.98 £0.01+0.05 19.5fb"
WW+WZ = 5 | 1.01£0.13+£0.14 4.9fb"
WW — 1.07 £0.04 £ 0.09 4.9 b
WW — 1.00 £ 0.02 £ 0.08 19.4 b
WW — . — 0.96 + 0.05 +0.08 2.3 fb"
WZ oo 1.08 £ 0.07 £+ 0.06 4.9 fb™
WZ | 1.04 £0.03 £0.07 19.6 fb™
WZ i 0.82 +0.07 £ 0.07 2.3 fb"
27 - 4 0.97 £+0.13+0.07 4.9 fb"
727 — e 0.97 £0.06 £ 0.08 19.6 fb™
77 | ,, . | 0.88+0.11+0.04 2.6fb"
Al resuts at: 1Produc’[ion Cross SeZ:"?ion Ratio: o../o0C :
http://cern.ch/go/pN;j7 ' exp theo
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W/Z + Jets ZH

Dominated by QCD interaction — abundant
production

Measurement is test of perturbative QCD (pQCD)
Sensitive to PDFs models
Large background to BSM and Higgs searches
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CMS-PAS-SMP-13-012
VBS / VBF CMS-PAS-SMP-14-011/018

ATLAS-CONF-2016-053, PRL113,141803
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LHC: a Top quark factory

=> tt > bbWW - bb epvv (0S-ep)

ATLAS-CONF-2016-005
PRL 116 (2016) 052002
CMS-PAS-TOP-16-006

42 pb™ (13 TeV)
. IZ_)ata
 tt

o7 =803 £ 7 (stat) £ 27 (syst) £45 (lumi) = 12 (beam) pb

(4]
o

B Non W/Z
\AY

CMS: 746 + 58(stat) = 53(syst) = 36 (lumi) pb

=>» Measured cross section agrees well

with NNLO+NNLL theoretical prediction

Inclusive tt cross-section [pb]

—
o
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O,NNLD—I—NNLL _ 822_'_ Pb

® ATLASep* \s=13TeV, 3.2 fb" ATLAS Preliminary

| m ATLASey \s=8TeV, 20.3 fb"

A ATLASep \s=7TeV, 46fb™

* Preliminary

= NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
m, = 172.5 GeV, PDF @ o4 uncertainties according to PDFALHC

14
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Britain's banking scandal spreads
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<=3 Finding fhe
Higgs boson

PLB 716 (2012) 1-29 (ATLAS)
PLB 716 (2012) 30-61 (CMS)

Congratulations to Professors

Francois Englert & Peter Higgs

for the

2013 Nobel Prize in Physics

2 \ 3

\\ Higgs Press Material from ATLAS *° " ' Higgs Press Material from CMS




AR & AT

o BXEATLAS A1 CMS P RSES AH 2 da dt Tl =, Femaiih =AM
bRz, S ReRTEE I KIEIECMSER S T H BN .
* ATLAS datasets: 4.5/fb at 7 TeV, 20.3/fb at 8 TeV
e CMS datasets: 5.1/fb at7 TeV, 19.7/fb at 8 TeV

[ RRBAKIR & 1

l LI TT 7[7 \\‘ LB | TTT TTT T \
—10°E M(H)= 125 GeV =3 ok e .
0 = y 7))
Z F g kel
A —\ % L e : ggH (87.4%) | £
T 10 Gluon fusion } £
Wik besssisisss H T S o +N O EW 2.4x 8
W,z a | oy wy &
q : m

Wz
" H

VH (4.9%)

" T VBF (7.1%) ;
\Vector boson fusiOJr'/f

(E\QQQ,—>—t

A

A

A
g Q9 f—e—

\_ ttH (0.6%)

i ; Observed production modes: ggF, VBF ;
g S— -

Pl v i el Ve | pep L Vree) e
6 7 8 9 10 11 12 13 14 15

Run | Run 11's[TeV]
i 7/8 TeV (2011/2012) 13 TeV (>2015)

TeV Physics at LHC Run2 - H. Yang (SJTU) 17



>
f
—
>
0p

f

obs(expected)
signi

O
<

o RSB T B R BN,

iIcCance

% [ L R T " — > LA L L L LA L L LB B B B T T T TT T T
R = [Ldt=45M" \s=7TeV ATLAS — fan) C .
2 el [Ldt=2031" \s=8TeV - Data 3 ¢ 35| ATLAS ¢ oaa —
.§’ e S{'B weighted sum ) — Signal+background 3 LQ C H— ZZ* — 41 I:l Signal (m =125 GeV p = 1.51) ]
140 — Signal strength categories — — -
= E *=-+ Background = N 301 \s =7 TeV ILdt—45fb" B saciorouna zz- =
= - — — = = n
120(— — Signal — - Backi d Z+jets, tT -
C m, =125.4 GeV - "g [ \s=8Tev _‘-Ldt=20A3 b — ackground £ets, ]
100 — & = D 25 — % Systematic uncertainty -]
= - = - _
80— - L C a
60— -~ 20 — —
40— — 15 - .
20— — r ]
o oF et TN } : = 10 .
2 10F = - 7
= E E ~ n
= 5 — — |
@ i + R 5
5
() E
E 51—
110 120 130 140 150 160
80 90 100110120130 140150 160 170
5.2(4.6 (G 8.1(6.2
. . . . m,, [GeV]
i 19.7 6" (8 TeV) + 5.1 fb™' (7 TeV) cMS \s=7TeV,L=5.1fb"';1s=8TeV,L=19.71b"’
10 E T T | — I L [
= - CMS > C I I I I I
& a5k " S/(S+B) weighted sum @ 351 e Data -
— E . - ¢ Data (5 C 1
‘g 3p — S4B fits (weighted sum) Sg - - Z+X =
[ R B component v 30 - —
3 % - 1o £ . [ zy.zz ]
3 P A VU +2g g o5 GeV s
= E C my, = 126 Ge ﬁ
S 150 Ll C " ]
] E C 7
= L +0.26 20— ]
o= LR =114 5 C 4
+ O0.5F f,=124.70+0.34 GeV o ]
S oo 5E E
200 r ]
100 10 - B
0 C
.1007....I....I....I....I....I....I.\.\I\.\.ﬁ 1 ll.li- l—
110 115 120 125 130 135 140 145 150 | in

m., (GeV) ©="80 100 120 140 160 180

18 56(53) TeV Physics at LHC Run2 - H. Yang (SJTU6.5(6_3) m,, (GeV)




T T I I | T I I 1 I 1 1 1 1 T 1 1 1 I T 1 1 T | I I 1 1 | 1 1 1 T | 1 I
ATLAS and CMS ——Total Stat. £ Syst PRL114 (2015) 191803
LHC Run 1 Total  Stat. Syst.
ATLAS H-yy P———— 126.0210.51(+0.43%0.27) GeV
CMS H—yy == 124.70 £ 0.34 (£ 0.31£ 0.15) GeV
ATLAS H—ZZ —4]  — — 124.51£0.52 ( £ 0.52 + 0.04) GeV ﬁHYSICAL
EVIEW
CMS H—ZZ -4l = 125.59 £ 0.45 (£ 0.42+ 0.17) GeV LETTERS
ATLAS+CMS Yy I'_EI_* 125.07 £ 0.29 ( +025+ 014) GeV e ks o ek oty 1S MAY, 20];
ATLAS+CMS 4l I_I-E_| 125.15 £ 0.40 (£ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l I-?—l 125.09 £0.24 ( £ 0.21 £ 0.11) GeV
1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
123 124 125 126 127 128 129
m,, [GeV]

« ATHRENERE, CMSFIATLASXT# iR
BEHITERRANE, FHRGTHRENNEREE
T2 ZKIKF.

Published by

v D) VR S American Physical Society, sz Volume 114, Number 19
o WICHEPRLI:E & NEE A A

TeV Physics at LHC Run2 - H. Yang (SJTU) 19



LL

7

* Higgs Strength n=1.09 £+ 0.14
e Spin/Parity: 0*

* Couplings: agree with SM predictions

* Results are consistent with the SM !
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LHC Run2 Physics

LHC Run2 Priorities on Higgs:

» Re-discovery SM Higgs

» Search for VBF, VH, ttH Higgs

» Search for H2>bb, Tt to study Yukawa couplings
» Search for rare decays eg. H>Zy, uu

» Use Higgs as a tool to find new physics

N I I ooy rode Branching fraction (%
H-vyy 4

_ v v v H — bb 575 +1.9
H—WW 21.6 +0.9
v v v Y H > gg 8.56 + 0.86
H-WW-2I2v v Ve v v H-otr 6.30 +0.36
H - cc 2.90 +0.35
4 \ v v H—27Z 267 +0.11
v v H-vyy 0.228 +0.011
H— Zy 0.155 +0.014
v v

H — uu 0.022 +0.001
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Re-discover Hi

ggs =2 yy

ATLAS-CONF-2016-067
ATLAS-CONF-2016-081
ATLAS-CONF-2016-068
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CMS-PAS-HIG-16-020

Re-discover Higgs = yy
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Search for Higgs=2>1r
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Events / 10 GeV

Search for VBF Higgs

(Data-Bkg)/Bkg
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Search for VH ’ H 9 bb ATLAS-CONF-2016-091
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Search for ttH
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Search for ttH

ATLAS-CONF-2016-058
ATLAS-CONF-2016-068
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ATLAS-CONF-2016-041

Search for Higgs = uu
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Search for New Physics

v’ X = di-photon
v’ X = Z+photon
v’ X = di-lepton

v X = di-jets

v' X = di-boson
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Search for di-lepton resonance
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Search for X-> Di-jet resonance
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Search for Single top + Z
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A search for the production of a single top quark in association with a Z boson
Can Identify the expected SM process and Search for FCNC interactions
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A moderate excess of events compatible with SM tZq production is observed, and the corresponding
cross section is measured to be 6(tZq — £vbft £ q) = 10f§ fb with a significance of 2.4 6. No
presence of FCNC production of tZ(q) is observed and exclusion limits at 95% confidence level on

the branching ratios of a top quark decaying to a Z boson and an up or a charm quark are found to be
(t > Zu) < 0.017% and B(t —» Zu) < 0.020%, respectively.
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Boosted Decision Trees (BDT)

1984 1996 2004 2006 2007 2009 2012 2015

=>»1984. L. Breiman, J.H. Friedman, R.A. Olshen, C.J.Stone, “Classification and Regression Trees”,
Wadsworth, 1984. (& {X#ZH Classification Treesf %)

=>» 1996. Ref: Y. Freund, R.E. Schapire, “Experiments with a new boosting algorithm”,
Proceedings of COLT, ACM Press, New York, 1996, pp. 209-217. (& {X#2 Hi AdaBoostH.{%)

=2004. < A FByron P. Roe, Ji ZhuE /XL Boosting® 3% M Decision Trees& & , IR HBoosted
Decision Trees (BDT) , fE R BEREE RRITILIL , IBDTHNA TR FY BB HTED
TN TEER, e0T/ ZNATHAEBIN FRAIMERUREFTNEIRE.

=> 7 Fi F ATLAS, CMS, LHCb, MiniBooNE, CDF, DO, BarBar, BESIII, AMS, IceCube, PandaX £ .
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Boosted Decision Trees (BDT)

=>» 2004/8/30, arXiv:physics/0408124, [Nucl.Instrum.Meth. A543 (2005) 577-584]

Byron P. Roe, Hai-Jun Yang*, Ji Zhu, Yong Liu, lon Stancu, Gordon McGregor,
“Boosted Decision Trees as an Alternative to Artificial Neural Networks for Particle Identification”

=>» 2005/8/8, arXiv:physics/0508045, [Nucl.Instrum.Meth. A555 (2005) 370-385]

Hai-Jun.Yang®*, Byron P. Roe, Ji Zhu,
“Studies of Boosted Decision Trees for MiniBooNE Particle Identification”
=>» 2006/10/31, arXiv:physics/0610276, [Nucl. Instrum. & Meth. A 574 (2007) 342-349]

Hai-Jun Yang™*, Byron P. Roe, Ji Zhu,
“Studies of Stability and Robustness for Artificial Neural Networks and Boosted Decision Trees”

=>» 2007/8/27, arXiv:0708.3635, [JINST3:P04004,2008]
Hai-Jun Yang®*, Tiesheng Dai, Alan Wilson, Zhengguo Zhao, Bing Zhou,
“A Multivariate Training Technique with Event Reweighting”

> X EYHFE %S SKHomer A. Neal ZEEXNT I 5 B RN

I should comment further on his contributions to ATLAS. His work on the new analysis
tool BDT had a very broad impact on several of the Large Hadron Collider analyses
done at Fermilab and at CERN over the past ten years. The first evidence of nw
physics at Fermilab experiments (DO and CDF), and final discovery of the Higgs boson
at CERN by the ATLAS and CMS experiments all heavily used the advanced analysis
tool, BDT, developed by Dr. Yang. This is an advanced statistical analysis tool that
permits researchers to extract the underlying physics signature from large background
for discovery. Indeed. This tool developed by Dr. Yang was essential in the discovery of
the Higgs Boson and will be continue to be used in searching for new physics beyond

the standard model in particle physics experiments. >
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ATLAS SUSY Searches

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: August 2016
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ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 fL dt = (32 _ 203) b1 .\/_ =8,13TeV
Model ty Jetsi ET* [rdtim] Limit Reference
T T T T T T T T T T T T T —T
ADD Gyi +g/q - =1j Yes 3.2 6.58 TeV n=2 1604.07773
ADD non-resonant {{ 2e,pu - - 20.3 n=3HLZ 1407.2410
ADD QBH — fgq 1eu 1j - 20.3 n=6 1311.2006
ADD QBH - 2] - 15.7 My, 8.7 TeV n=~6 ATLAS-CONF-2016-069
ADD BH high ¥ p1 zle,pu 22j - 32 | My 8.2 TeV n=6, Mp =3 TeV,rot BH 1606.02265
ADD BH multijet - >3] - 3.6 M, 9.55TeV n=6 Mp=23TeV,rotBH 1512.02586
RS1 Gy — {1 2eu - -~ 203 |Gamas  268TeV K Wip = 01 1406.4123
RS1 Gk — yy 2y - - 3.2 Ggk mass 3.2 TeV k/Mp; = 0.1 1606.03833
Bulk RS Gk — WW — gqqlv leu 1J Yes 13.2 Gy mass 1.24 TeV k/Mp =1.0 ATLAS-CONF-2016-062
Bulk RS Gkx — HH — bbbb - 4b - 13.3 Gkk mass 360-860 GeV k/Mp =1.0 ATLAS-CONF-2016-049
Bulk RS gy — tt e 21b2102 Yes 203 | EKKIESSE e BR - 0.925 1505.07018
2UED/ RPP lepu 22b,24j Yes 3.2 KK mass 1.46 TeV Tier (1,1), BR(ACY) — tt) = 1 ATLAS-CONF-2016-013
SSM 2" — 2e,u - = 13.3 Z’ mass 4.05 TeV ATLAS-CONF-2016-045
SSM Z’ — rr 27 - - 195 |22y 1502.07177
Leptophobic Z" — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
SSM W’ — (v 1eu - Yes 13.3 W’ mass 4.74 TeV ATLAS-CONF-2016-061
HVT W' — WZ — qqvvmodel A Oe,u 1J Yes 13.2 W’ mass 2.4 TeV gv=1 ATLAS-CONF-2016-082
HVT W' — WZ — qqqq model B - 2J - 155 W' 3.0 TeV gv = ATLAS-CONF-2016-055
HVT V' — WH/ZH model B multi-channel 3.2 " mass 2.31 TeV gv=3 1607.05621
LRSM Wy, — tb 1ep 2b,0-1j  Yes 20.3 1410.4103
Cl qqqq - 2 i - 15.7 19.9TeV i =-1 ATLAS-CONF-2016-069
Clilqq 2e,pu - 3.2 252TeV nu=-1 1607.03669
Cl uutt 2(SS)z3epuz1b 1] Yes 203 — |Cril = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u >1j Yes 3.2 1.0 TeV 84=0.25, g,=1.0, m(y) < 250 GeV 1604.07773
. Axial-vector mediator (Dirac DM) O e, p, 1y 1j Yes 3.2 ma 710 GeV 8¢=0.25, g,=1.0, m(y) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oe,pu 1J4,2£1]  Yes 3.2 M, 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1% gen 2e >2j - 3.2 LQ mass 1.1 TeV p=1 1605.06035
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Excited quark ¢* — qg - 2j - 15.7 5.6 TeV only u* andd*, A = m(q") ATLAS-CONF-2016-069
Excited quark b* — bg - 1b,1j - 8.8 ATLAS-CONF-2016-060
Excited quark b* — Wt for2e,u 1b,2-0f Yes 20.3 fp=fi=fk=1 1510.02664
Excited lepton (* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton »* Beurt - - 20.3 A=16TeV 1411.2921
LSTC ay — Wy Tep 1y - Yes 203 1407.8150
LRSM Majorana v 2e,u 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 13.9 DY production, BR(H™ — ee)=1 | ATLAS-CONF-2016-051
Higgs triplet H** — {1 3epu,T - - 20.3 DY production, BR(H™ — {1)=1 1411.2921
Monotop (non-res prod) lep 1b Yes 20.3 Anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = Se 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
M | o140 el " L P R | L N L

- ﬁ=13Tev

1071

10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.

tSmall-radius (large-radius) jets are denoted by the letter j (J).
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What can we expect from HL-LHC (>2024)?

CMS-FTR-15-002

Main focus is on SM non-resonant production since most the BSM should be already

constrained.

¢ Study performed by CMS on bbtt, bbyy and bbWW channels
HL-LHC operating condition assumed = 3000 fb!

Delphes simulation used.

Simplified Runl analysis flow followed.

Phase Il Upgrade conditions included.

| Comblnlng bbtt and bbyy:

' the expected significance

: for Higgs boson pair production is
E 1.9 standard deviation.

The bbbb final state promises

the largest potential for improvement
but still not investigated 2 waiting for
first result on 13TeV data.

Number of Events

50

40

30

20

10

= O

\5 14 Tev PU 14{

E M Slmulatlun —— Tﬂ‘s’ data :
L = Combined fit -
[ «aess HH->bbyy .
_ Resonant bkg

l .« Non-resonant bkgT:
i -
T I T T P TR
0 105 110 115 120 125 130 135 140 145 1

M,, [GeV/c?

di-Higgs at LHC ISHBSM 2016 - Martino Dall'Osso 28



g

o R SUORL T H = AR AL ARl A 3 AR

M(H)= 125 GeV =

@13TeV ggH 87% (N3LO QCD +
mu=125 GeV NLO EW)

o
(S
\

a(pp — H+X) [pb]
o
T T TTTTIT
\
T
Zz
3 |3 z
Lo\ Q
- “ x
= Z
3 F
5 8
z [w]
C +
A z
n O
L1 i

LHC HIGGS XS WG 2016
)
Y
)
I

PP

@13TeV VBF 7%
mp=125 GeV

I

(NNLO QCD +

3 NLO EW)
g @13TeV VH 4% p— —
r mp=125 GeV
107 E
i - @13TeV ttH/bbH 2% (NLO QCD +
10_2? | | | | | | | \ E mi=123 Gel O
6 7 8 9 10 11 12 13_14 15 S -
\s [TeV] @ -
9 ggH’ ttH’ bbH - Yukawa coupllng Decay mode Branching fraction [%] i ig
. o= H
=» VBF, VH — Gauge coupling H — bb 57.5 £1.9 £
. . H—> WW 21.6 0.9 G
n S
Production cross sectio W57 8.56 + 0.86 s}
@mH=1 25 GeV H - 171 6.30 +0.36
H - cc 2.90 +0.35
19.3 pb @7 TeV H—ZZ 267 +0.11
24 5 pb @8 TeV H-yy 0.228 +0.011
55 7 ob @13 TeV H— Zy 0.155 +0.014 i
-/ P e > 0.022. £0.001 10°=700 120 140 160 180 200

62 7 pb @‘] 4 TEV TeV Physics at LHC Run2 - H. Yang (SJTU) M, [GeV]




i R

;

kX & T

arXiv:1606.02266

> FRTEB I WA T RKEHDyy, 22, WW, B—RKAEJ 7 #8id50 !
> ZEEATLASTHICMS S 45 5., H 11 145%5.50, VBF Higgs P24 A 35.46 !

10

Channel References for Signal strength [y] Signal significance [o] ATLAS and CMS _e Observed +16
individual publications from results in this paper (Section 5.2) LHC Run 1 Th. uncert.
ATLAS CMS  ATLAS CMS  ATLAS CMS Y b
H—yy [91] [92] 114330 L1133 5.0 5.6 Lla_) 77| b
(%31  (83) @6 D > ww| i
H—2ZZ [93] [94] 1527040 1042032 76 7.0 T i
(57)  (03%) 69 (68) w7 -
H—WW [95,96] 971  12239% 09093 68 4.8 g ZZ| ——
(23) (28 3 (56) WWH *
H—tr 98] [99] 1413040 (8g#030 44 34 o | il
(50 (%) 6y 6 ! o
- o1 L ww o
H — bb [100] [101] 0627337 081308 1.7 2.0 = ol :
(+0,39) (+0‘45] 2.7) (2.5) L - '
-0.37 -043 bb b
H— pp [102] [103] -0.6%3¢ 0.9 3¢ vy ol
+3.6 +33 = H
(—3.6] (_3‘2) T WW i - e
nH production  [77,104,105]  [107]  1.97% 29459 27 36 N T e B
(*67) (*63) 6 (13) bb .|
Y e
Production process Measured significance (c) Expected significance (o) T WW | o
VBF 5.4 4.6 = ol R :
WH 24 2.7 i ¢ :
ZH 2.3 29 bb
VH 3.5 4.2 -6 4 -2 0 2 4 6 8
ttH 44 2.0 6 - B norm. to SM prediction
Decay channel
H— 1T 5.5 TeV Phydics at LHC Run2 - H. Yang (SJTU) 68
H — bb 2.6 3.7




p

o RGBT HIAE 5 5

» ELHILHC Run (05230 Ml W) 5 i 7 O £ 30 5t

: — %& w 1. L e B — ) T T T
TJ\ = & T ATLAS and CMS 1 % e "ATLAS and CMS ~ [Jatiasecms
7LHC Run 1 ' 1 L LHC Run1 DATLAS
147 ] i L Cews
L ] 14k i
[ [ ]aTLAs:cms
ATLAS and CMS (ol [ s ] [
LHC Run 1 L[ JaTas I
— ; L [Jowms 1.2 7
R 1_ | B
Kz — = . i
| ' = .
](w —_— —-.- 0.8+ -
— i r L
| o ' [ ] ] 0.8+ -
](1 e ——— 0.6 N R ] I ]
- 4: — 6.8% ICL -I---«-----IQS"AI: CLI + Best fit *i SM expected 0.6j_|68% CL e 95% C|L + Best fit * SM expected ]
| | - 0- 0.8 1 1.2 1.4 06 08 1 12 14 16
K‘t el Ky K./
— —e— ATLAS+CMS E b A an o o ;
|1(b| —— ATLAS _—— S EIZ 1F ATLASand CMS
—— CMS —r—— c [ ATLAS and CMS  Ix,. &y, <. % &, & 5, B ] 7 e t LHC Run 1
| | — — icinterval ; N 8¢ LHC Run 1 ] 5 I
K —— 20 interval — A ] & L 4
9 e I — Observed A E |E 10 E
— BL e SM expected £ i
| —o- : T
e =il . 3
— E . 102F E
*~— : F 3
BBSM —— H r ] + ATLAS+CMS
III|||III||III|||III||III|||III||III|||III|| : _- ....... SMH- b 7
2 -15 -1 -05 0 05 1 15 2 25 g ] 107 ‘9gs boson
Parameter value : ] — [M. e fi
. 3 [ 68%CL
ot L N E 95% CL
0 0.05 K 015 R 025 03 035 04 045 05 L1 o S R B E
Bsswm 107 1 10 10%

TeV Physics at LHC Run2 - H. Yang (SITU) Particle mass [GeV]




EPIC75, 476 (2015)
PRD89(2014)092007

A EEEN

Sl

Pseudoexperiments

Q ZEE WO T RE (VV) , A& i) B e
THREPMEBRMEE Y&, 1S A

!

L99.9% 1) & 15 & # HEFR

CMS Vs=7TeV,L=511" fs=8TeV,L=19.7 fb"
} [ —@- CMS data - - - Median expected : : : :
2° op M0+t M :to 5 : s ]
£ o +20 [ N : 1
Yowf C0wse  Efaa 0
T
o L L .-
0 o T T T LA A A A -
any any qg—X any qg—X any gg—X qg—X any gg—X gg—X gg—X
CMS 19.7 o (8 TeV) + 5.1 fb' (7 TeV) o ——— ——
012~|,,,qalx(f),22~ S 5|+ Data ATLAS ]
- = =2 1 w o Background ZZ* ]
i — Observed ] E L L 9 - H=ZZ—4
0.1 _ £ [ [l Background Z+ets, tt ]
T ] U:Jzo_—JF—O" = 1]
i ] r Y fs=7 TeV [Ldt=4.61b" -
0.08- . Fod=0 {s=8 TeV |Ldt=20.7 b7
- ] 150 §
0.06[- . r ]
i 1 10 -
0.04[ - i 1
0.02- . 51 I -
% 10 20 30 40 O; 05 0 05 71
2% In(LJP /Ly) BDT output

o

ATLAS H—ZZ* — 4]
—e— Observed s=7TeV, 451"
------- Expected s=8TeV, 20316’
B oSV tic
I 0'SM2c H—)WW"—)eVﬂV
[ ]0'SM*3¢c s=8TeV,203 1"
[ ] JP+10 H-> 1Y
P
B t20 s=7TeV,451'
C1J°+30 |
s=8TeV,203fb
JP=0 JP=0 JF=2 JP=2r P2 JP=2 YR
g Kq=0 Km0 Kq2K, K2k,
P <300GeV p <125GeV p <300GeV p <125GeV
.5 E L | T T T T L | L | T T T T | L E
o 10° L ATLAS H—2Z* — 4 B
T E f5=7Tev, 451" g
E F — Data s =8 TeV, 20.3 f5' E
E 102 E 0" SM g
c E . H— WW* = evuv 3
E‘ 10 L 27 (k7Kg {5 =8TeV, 20.3 ' 7
% E H—= v v 3
Z 1 L \5=7TeV, 45" _
E {5 =8 TeV, 20.3 ' 3
107 e =3
E SR . \‘\; 3
E " % -] =
s I | \\E ]
10°F K \\; E
E i SRR E
F i Ay 5 .
Lol S g\ L
E g i E
10-5_ o &&\ a\.s.. ]
-30 -20 -10 0 10




Search for new phenomena in diphoton events with the
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CMS-PAS-TOP-16-017
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Search for tH, H=>bb

=>» tH production is sensitive to Yukawa coupling

CMS-PAS-HIG-16-019
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95% CL on ox BR(H— hh— bbtt) [pb]

95% CL on ox BR(hh— bbrr) [fb]

Search for hh = bbzr, bblvlv

12.9 o (13 TeV)
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CMS-PAS-SUS-16-022

Search for SUSY CMS-PAS-SUS-16-024

Clean signature for complex final states: selecting on the jet activity we can
be sensitive to ‘strong’ SUSY productions or Electroweak SUSY production
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CMS-PAS-EXO-16-027

*Search for resonance X = yy
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ATLAS-CONF-2015-038

Inelastic pp Cross Section

* Using low pileup dataset (u < 0.05)

* Analysis with new MBTS scintillators (2.1 < |n|<3.9)

* Result dominated by luminosity uncertainty (~9%)

* 4.2M events selected in 63 pub, estimated 1% background

N above threshold
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W/Z Cross Section
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Evidence of Wyy production

¢ Tri-boson production with relative large cross section

o Final state: lepton + Etmiss + two photons

PRL 115 (2015) 031802

. . . Tid MCFM
o Main backgrounds : Wyj+Wjj | o [fb] [ T D]
Inclusive (N, = 0)
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Standard Model and Supersymmetry

Standard particles SUSY particles
] et Mo
usd ca t
v ~~ —
Higgs @ b Higgsino

) Quarks ‘ Lepions . Force partich Squarks o Sleptons 0 ggfﬁé‘f’grce

B Supersymmetry (SUSY)
I
Stansiard Model (5u) Unique extension of Poincar

Very successful description of phenomena spacetime symmetry

at TeV scale, but some shortcomings: O Moderate the hierarchy probler

- Hierarchy problem Q Grand unification of gaug
J Can not unify gauge couplings couplings

d No dark matter (DM) 4 Provide excellent DM candidatt
o & ...
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SUSY Introduction

B A symmetry which unified fermions (matter) and
bosons (forces) —> A fundamental theory

B Conserved R parity (RPC): (originally introduced for

stability of proton) 3(B—L)425 R=+1 (SM)
R = (-1)35-H -1 (SUSY)

- SUSY particles produced/annihilated in pairs
- Lightest SUSY particle (LSP) stable (DM candidate)
- Typical signature: jets/leptons/photons + MET

B Violated R parity (RPV): no Dark Matter candidate

Standard particles SUSY particles /—\ _
| G \ 1,2,3,4
_ roes ‘)< Neutralinos
V,
JJJ \y o

\)W@ e gl Charginos

Ouarks @ Leotons @ Focopartices  squarks ) SUSY force particles




ATLAS-CONF-2016-007

Search for stop pair

=>» SUSY is a natural solution to the hierarchy problem. If R-parity is conserved, SUSY particles
are produced in pairs and LSP is stable. The stop is expected to be light due to it’s large
contribution to the Higgs mass radiative correction.

=>» Scenario #1: Gluino-mediated pair production, assuming 100% BR via stop->c+neutralino,
and mass splitting of 5 GeV. Mg, < 1460 GeV is excluded t ;

=» Scenario #2: direct pair production of stop
(= top + neutralino), excludes stop mass from

745 to 780 GeV for a massless neutralino at 95% CL. P

gg production, §%t+¥1, ¥1AE?+soft, Am(i, x?) =5GeV
T T-TT L B B |

?1?1 production, ?1—)1+i?
T
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ATLAS-CONF-2015-066

Search for sbottom pair

O Search for bottom squarks pair decaying exclusively as b-quark and LSP
neutralino. The signature has 2 b-jets and large MET. E}.1 - g;-/p?

O Bottom squark mass < 800 GeV are excluded

Signal channel (A cr)gg Jb] S 2§S S Sgp
; 6.3
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ATLAS-CONF-2015-067

Search for gluino pair

a9 production g— bb+i0 m(q) >> m(ﬁ)
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Search for SUSY Gluino and sbottom
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Search fOl’ Higgs -+ DM ATLAS-CONF-2015-059

O To search for Dark Matter (MET) associated with a Higgs boson.

q h
’ No significant excess is

found in search for Higgs

IS \\/ X | boson with large MET.
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,
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Search for W’ = /v

O BSM models predict new spin-1 boson (SSM
W’), it is heavier version of the SM W boson.
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A bit about the models...

Cha rged ( wWZ ) Slide borrowed from V. Cavaliere...

Sequential Standard Model (W’, spin-1)
* Trilinear W'WZ coupling set by Extended Gauge Model: ~ W’
(Mw/Myy )?
Neutral ( WW,ZZ,HH ) . .
q

Randall-Sundrum graviton (RS G*, spin-2)

* Traditional benchmark model with extra dimensions G* { Wiz
Bulk RS graviton (Bulkk G*, spin-2)  Dmeeeeaa-
#* Graviton couples more with heavy particles (W, Z, t) —
= Smaller g, but larger branching ratio to WW, 22 q W/Z
g W/Z
Minimal Walking Technicolor (R1 Rz, charged and neutral) _?_QEQ’{
* Technicolor with minimal ingredients, can decay to ZH
and WH 9 W/zZ
Theory — 7 o £, « 29 paa
HVT (Simplified Lagrangian) \fw q W/Z
Model A R1,R2
#* weakly coupled vector resonances from extension of the gauge group
Model B

#* produced in a strong scenario e.g. composite higgs model g H
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o(pp — HVT — W2Z) [pb]
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ATLAS-CONF-2015-071

Search for Diboson Resonance  amas-conk2ois-075

QO Search for heavy resonances in diboson final states (eg. ££qq, vvqq, £vqq , qqqq), well-motivated

extensions to the SM and has very rich phenomenology. LHC Runl observed some excess which needs
cross check using 13 TeV data at Run2

! *
o Heavy Vector Triplet (HVT) model A, BR(W’=> WZ) ~ 2% W ’ G "t W/Z/H
. i ?
o Kaluza-Klein (KK) modes in Randall-Sundrum(RS) S
graviton model, BR(G*=>ZZ)~ 8-10%

o Generator: MadGraph5 2.2.2 (NNPDF23LO) WIZH

O Two heavy Higgs-like boson hypotheses are tested (H2>WW-> 4vqq ):
U Narrow Width Assumption (NWA, SM Higgs width of 4MeV) ,
U Large Width Assumption (LWA, 5-15% of heavy Higgs mass)

O No evidence is observed, masses below 1060 GeV and 1250 GeV are excluded at 95% CL for spin-2
RS G*>WW and H>WW. Upper limits on o x BR(H=>WW) with NWA/LWA € [0.02, 0.3]pb

my [GeV] my [GeV] my [GeV]



Dijet boosted final state:

ZZ & WZ & WW —> qqqq Identification of di-boson state is

through the use of tagging techniques

- | |z Y CMS. L = 19.7 ", 'S = 8 TeV
G.: EATMS‘ —— Dala 3 (‘:I" ATLAS —a— Data '.-..‘2|||||||||||||||||||||
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s 1|:|'=E _lg_uﬂ ::Ex.l.::..n.. : ?: - — 1.5 TeV Bulk G_,, <."|‘_-1|- 1 ﬁ —Fit
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-4 = — Signilicancea (stat) E — Significamos (sial)
& 10‘%‘ -5|;'||:bu'|L'l=Es:u:+wsl'| _? w 10 -Eijlirfﬂl"\-ﬁ (tal + gyst) &
- WZ Selection ] +'-+- IZ Selection E
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: 2r 1Y ] i 2F - ok =
P‘ is il | £ E‘,ﬁ.— |z u+ﬁ-—r-+—.‘_|— .
P \ INLE | |2 = B -
C— I I 'i I I L T |1!5| L1 ||2| L1 IE!ﬁ,I 111 3| 11 I3IE o 1 1.5 F] FE 3
- m; (TeV
3.40 local excess in WZ | g m [TV : i (TeV)
arxiv.1506.00962 arxiv.1405.1994
channel (2.50 global)! ATLAS CMS

Dedicated selection for all 3 channels based on
WI/Z jet mass requirements (26 GeV windows),
implying statistical overlap between channels

Require 2 €A R=0.8 jets in the events along
with topology requirements to reduce
backgrounds

2 large CA R=1.2 jets with ngw < 30 are
required in the events, satisfying boson tagging
requirements (grooming & filtering). Extra
topology requirements are used to reduce QCD

backgrounds

Jets are W/Z-tagged based on a combination of
pruned mass and subjettiness requirements
Separate events into |/2 tag category, and use
same HP/LP classification as in the ligg analysis
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