Results from ATLAS and CMS:
Strong Interactions and New Physics

- LHC and operation (run-I, run-II)
- ATLAS detector

- QCD

- top-quark

- Heavy lon

- new physics (BSM, Exotica)

complementary ATLAS & CMS presentations at this workshop:

* Paolo Azzurri: Results from CMS and ATLAS: Electroweak Symmetry Breaking and Beyond
* Roman Lysak: Soft QCD topics from ATLAS
* Michael Ryan Clark: ~ the Ridge and BE-correlations with ATLAS
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LHC operation

LHC back in business with record

June 2015

ATLAS

JL EXPERIMENT

b
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run-l: — 2012, ~25fb' @ 7/8 TeV

LS-1: 2013/14, maint. & energy upgrade
> 10° working hours in LHC tunnel

run-ll : 2015, ~4 b ' @ 13 TeV
2015-2018: ~100 fb™' @ 13/14 TeV

LS-Il: 2019/20 hI-LHC civil engineering

run-ll : 2021-23, ~200 fb' @ 13/14 TeV
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ATLAS detector

Length: 44 m 3000 Physicists & Engineers 150106 electronic readout channels
Height: 25m (incl. 1000 Students) 40 MHz collision rate
Weight: 7000 t 38 Nations, 178 Institutes 1014 B/s raw data flux
~500 papers published
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‘ &ty forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Transition radiation tracker

Muon chambers Solenoid magnet

Semiconductor tracker

Planning & construction 1990 to 2007, operation from 2009 to ~ 2035
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ATLAS detector

Di-Jet Event

Highest Mass Central Dijet
pT1=pT2=3.2 TeV

mJJ = 6.9 TeV

MET =46GeV

%ATLAS
2 EXPERIMENT
http://atlas.ch

Run: 280673
Event: 1273922482
2015-09-29 15:32:53 CEST
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production cross sections at the LHC

proton - (anti-)proton cross sections
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production cross sections at the LHC

cross section ratios 13 TeV / 8 TeV

Min. bias e
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* for SM processes (top-quark; Higgs): x-sections increase by ~2...3 at 13 TeV
* for new phenomena and masses of O(TeV), increase of ~10 to 100s

e therefor, some early results from run-Il already surpass those from run-|
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Inelastic pp cross section
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30 ATLAS MBTS data extrapolated using Pythia implementation of Donnachie-Landshoff model with € = 0.085 for do/d&
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102 10° 10* ATLAS-Conf-2015-038
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ATLAS measurement at 13TeV performed using
Minimum Bias Trigger Scintillators (MBTS)
mounted in front of the forward calorimeters

Total cross section:
Oinel. = 73.1 £ 0.9 (exp) £ 6.6 (lumi) + 3.8 (extr) mb
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Charged Particle Multiplicities and Correlations

CMS
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measurement of pseudorapidity distribution
of charged hadrons, data consistent with
expected dependence on centre-of-mass
energy. Published in PLB 751 (2015) 143.
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S.Bethke,

offline

CMS pp |s =13 TeV, N
1< p_< 3 GeV/c

> 105 (b)

trk
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qgf .

two-particle correlations, confirming the
presence of a ridge-like structure for same-side
(A ~ 0) pairs in high-multiplicity events at 13
TeV. (arXiv:1510.03068)

Also reported by ATLAS (arXiv:1509.04776),

see Michael Clark’s talk
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Inclusive Jet Cross Sections

ATLAS-CONF-2015-034 15CI\/IS—PAS—SM P-15-007 72 pb‘1 (13 TeV)
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Z+jets Production (jet multiplicities)

CMS Prelimi .
ATLAS-CONF-2015-041 o5 qaTeyy | S50 DR
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determinations of &«

all hadron collider (except ttbar) and HERA results in NLO
LEP, PETRA and ttbar in NNLO

/\0.25 L LI ' ' L L B BB ' ' L L B B B
S : —@— CMS Rs; ratio —>— HERA
s A\ —#— CMS tf prod. —{}— LEP
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i K -\’\.3..’
0.10 | ) -
_ as(Mz) = 0.1171 39322 (3-jet mass)
0.05 i - as(Mz) = 0.1185 + 0.0006 (World average) )

compilation by CMS: | S ' e |
Eur, Ehys J. cy75 (2015) 5, 186) 10 100 (‘I)(%%OGV]

not shown: ATLAS incl. jet: &s(Mz)=0.115 = 0.009
ATLAS TEEC: o(M2)=0.1173 + 0.0066 - 0.0028
ATLAS ATEEC: os(Mz)=0.1195 + 0.0065 - 0.0028

LHC and Tevatron results average to: o(Mz)= 0.1172 = 0.0059

Phys. Lett. B750, 427
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CMS: o from ttbar cross section at sgrt(s)=7 TeV
(iﬂ NNLO + NNI_I_) — relevant for 2016 RPP

Vs =7 TeV: mP®® = 173.2 GeV
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more data available on ttbar cross section;

preliminary estimates on s :
(S. Bethke, G. Dissertori, T. Klijnsma and G. Salam, arXiv:1512.05194 [hep-ph] )

Original cross section measurement used by CMS (7TeV)
sigma(ttbar) = 161.9pb + 6.7 (stat+syst+lumi) * 2.9 (Ebeam) pb

J. High Energy Phys. 11 (2012) 067

More recent determinations at LHC (dilepton) and Tevatron
(NB: 7 TeV results 8-13% higher than in original CMS extraction)

Experiment Ecm O [pb] Exp err.[pb] Ebeam [pb]
ATLAS 7000 GeV 182.9 *6.3 33 Sy
CMS 7000 GeV 174.5 £6.1 £2.9 i
ATLAS 8000 GeV 242.4 £95 +4.2 ey
CMS 8000 GeV 245.6 £90 +41 G,
CDF&DO0 1960 GeV 7.6 +0.41 HPeE L

(2014) 072001

Newer results point to somewhat larger &s(Mz) than earlier CMS
extraction (prelim: 0.1187-0.1201 v. 0.1151)
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http://arxiv.org/abs/arXiv:1512.05194

preliminary 2016 world average of o

S. Bethke, G. Dissertori, G. Salam in: 2016 edition of PDG’s RPP

I e T
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hadron collider |—o—|:
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0.11 0.12 0.13
2
as (MZ)

Xs(M;) = 0.1181 = 0.0013

without hadron collider: ;(M,) = 0.1183 = 0.0014
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_ Top Quark Physics
Y Run: 266919

- proton-proton collisions at Event: 19982211
, 13 TeV centre-of-mass energy 2015-06-04 00:21:24
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Top Quark Physics

» Top-Quark: the heaviest known fundamental particle
2014 world combination of top-mass: m; = 173.34+0.27(stat)£0.73(sys) GeV arXiv:1403.4427
* it decays before hadronisation, so its properties directly transfer to
its decay products
 perfect candidate for precision tests of Standard Model
and also for searches of physics BSM
* also dominates Higgs-production (through gluon-tusion)

Top Pair Branching Fractions

lljets™ 46%

strong:

ttbar pair prod.

t+jets 15%

15%
electroweak:

single t prod

: C_A\—\‘ &t 15%
"dileptons”

t-channel
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Top Quark Physics

production cross sections

ATLAS-CONF-2015-049 arXiv:1510.05302
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Top Quark Physics

mass determination

* standard measurements are based on template methods

— adjust MC-defined top-quark mass to data

— relation between MC-defined and theoretical pole mass intensively discussed,

argued to be close or even identical.

ATLAS Preliminary m,,, summary - Mar. 2015, L = 4.6 fo - 20.3 fb'

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb’

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 fb

CMS 2011, all-jets
EPJC 74 (2014) 2758, 3.5 fb

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb'

CMS 2012, dilepton
This analysis, 19.7 fb’'

CMS 2012, all-jets
This analysis, 18.2 fb”'

CMS 2012, lepton+jets
This analysis, 19.7 fb'

CMS combination

arXiv:1407.2682

World combination 2014
ATLAS, CDF, CMS, DO
arXiv:1403.4427

| I | | | |

-1

Tevatron combination (2014)

1

I | | | I

175.50 + 4.60 + 4.60 GeV
(value + stat + syst)

172.50 + 0.43 + 1.43 GeV
(value + stat + syst)

173.49 + 0.69 + 1.21 GeV
(value + stat + syst)

173.49 + 0.43 + 0.98 GeV
(value + stat + syst)

172.82 + 0.19 + 1.22 GeV
(value + stat + syst)

172.32 + 0.25 + 0.59 GeV
(value + stat + syst)

172.35+ 0.16 + 0.48 GeV
(value + stat + syst)

172.44 + 0.13 + 0.47 GeV
(value + stat + syst)

174.34 + 0.37 + 0.52 GeV

(value * stat + syst)

173.34 £ 0.27 £ 0.71 GeV

(value * stat + syst)

| | | I | |

165

m_ £ tot. (stat.£JSF+bJSF syst.)
1
all jets E'x'f';“e"i?m —_ 1751 £ 1.8 (14 +12)
nt - 1
1
H * - o S S
single top ESZ‘;O?;"':.O“ < 1722 £ 21 (o7 +20 )
1
1
— l+jets i”‘”ils?ﬂi‘?s“” — KA = 172.33+1.27 (0.23+0.25+ 0.67+ 1.02)
g = !
1
» dilepton 150395427 -—cﬁ—o—c 173.79+ 1.41 (054 £130)
"= A g
1
‘
N A ur. Phys. J. ! 5
o(tf) dilepton LE P CTs o1 s1ee ; 1729 + 33
1
- 1
oti+1-jet)* SN 20 40se - 173.7 + 33
:
1
1
ATLAS Comb b !
B ——t - World Comb. + 16
o o ! stat. uncertainty
e " e —— stat. ® JSF @ bJSF uncertainty
) ] total uncertainty
fevai - Lomb. =uig | —— *Preliminary, —Input to ATLAS comb.
U.64 :
I I : I I
My, [GeV]
world ave (2014): m; =
ATLAS (2015): my =
CMS (2015): m; =

ATLAS & CMS:
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173.3x0.8 GeV
173.0x0.9 GeV
172.4x0.5 GeV

S.Bethke, MPP Mlnchen

170
arXiv:1509.04044

175

180
m, [GeV]

“direct mass”
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Top Quark Physics

mass determination
* measurements of pole mass through o become increasingly precise

| | I | | | | I | | | | I | | | | I | | | | I | | | |
ATLAS Preliminary Top quark pole mass determinations
compared to direct measurement
DO approx NNLO: MSTWO08, 1.96 TeV 2009 169.17°
DO approx NNLO: MSTW08, 1.96 TeV 2011 167.572
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 171.4+ 2.6
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741+ 2.6
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9%5°2
ATLAS NLO: tt+1 jet, 7 TeV 2015 173.7°27
CMS NNLO+NNLL: NNPDF3.0, 7-8 TeV 2015 173.6%]7
Direct reconstruction LHC+Tevatron 2014 173.3+0.8
| | | | | | | I | | | | | | | | | I ] | | | | | | |
140 150 160 170 180 190

mP°® [GeV]
"direct” (MC) mass and (theoretically well defined) pole mass agree
within uncertainties (currently <~2 GeV)
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Heavy lon Physics

study of the hot and dense medium produced in h.e. ion collisions

2015: Pb-Pb collisions at /(snn) = 5.00 TeV  (J(spepp) = 1.1 PeV)

£ L S S s Sy S S S S S S S EU S B N S CMS Integrated Luminosity, PbPb, 2015, s = 5.02 TeV/nucleon
0 — . . . -
S, 900 ATLAS Online Luminosity s, =5.0 Tev Data included from 2015-11-25 09:59 to 2015-12-13 12:09 UTC
- ) - 0.6 . . . ‘ 0.6
:;72; 800F - LHC Delivered (Pb+Pb) — - » ~ [ LHC Delivered: 0.60 nb '
o 700; [ ] ATLAS Recorded = ) os 1 CMS Recorded: 0.56 nb ' los
% 6005— Total Delivered: 703.7 ub™ g reliminary Ofline Luminocit
= E Total Recorded: 676.8 ub’ 2 g.qf CTnAlY MRS HUMInOSEY {0.4
2 500 £
< - 3 0.3 0.3
Q 400 - :
p— — 0
- — .:;
= 300 = 0.2 10.2
[ - o
o 200 -
= - — 0.1 {0.1
100 o
- e
311 30/ To7H2 14112 T W0 W o oo oo geb ge oo oe¢
Day in 2015 Date (UTC)

data taken in Nov/Dec 2015; no results with new data published yet
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Heavy lon Physics

jet suppression in PbPb collisions at sqrt(s[NN]) = 2.76 TeV

Phys.Rev.Lett. 114 (2015) 072302
T r 1 T rrrrrrrrrrr

<<( T T T N IR L R
% ° [0-10% " [30-40% ¢ |60-80%
JL{most.central) (peripheral). ... - I.
1 | 5 i
E | :b [ :‘: )
—— ~ d ——— . ]
05 ps s 000 s s00casascssnsas l . asssssssssssasasssslessescssans o T LLETTTTTRPE
[ 80<p_<100GeV ATLAS |
PURT ST S (NN ST TR SN N S ST S N S SN S N S S . | - | - PR [T SR ST T (T S ST T N
% 02 04 06 08 1 12 14 16 1.8 2
ly |
é LB L R LI R A R LR B LR | | ]
T [ 2011 Pb+Pb data, 0.14 nb”’ anti-k, R=0.4 jets

- 2013 pp data, 4.0 pb™

VSNN =2.76 TeV 1

80 < p_ <100 GeV lyl<2A1
PR ST ST S T SR S ST S N ST TR U S S ST U U S SN S S S S S S S SU S [ S S S S S S S S S |
% 50 100 150 200 250 300 350 400
. o (e . . . . ( N rt >
Raa: jet nucleon modification factor; ratio of yields (heavy ion / pp) pa

Npart: number of participating nucleons in heavy ion collisions

-> significant suppression of jets (50%) observed for Pb-Pb central collisions (large Npar )

ATLAS & CMS: Strong Interactions and New Physics
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Heavy lon Physics

jet fragmentation in PbPb and pp collisions at sqrt(s[NN]) = 2.76 TeV

peripheral central
1 Phys. Rev. C 90 (2014) 024908 arXiv:1406.0932 [nucl-ex] 1
0 CMS' ——rrrry — —rrrry — onPb' — 10(.) éb%ét';-éoo GeV/ p%fa'f»‘k;ﬁ'éé\'/'/c,ﬁ';o:é-é

PbPb y/syy=276TeV — pp reference data 0.3 < || < 2
150 pb™ i :

70-100% 50-70%

(1 /Njet) dNtrack/de (GeV‘1 C)

PbPb - pp
o
N

1

10 10 10
pirack (GeV/c) pirack (GeV/c) plrack (GeV/c)

ot of charged particles inside jet cone (100 <prjet < 300 GeV)

-> significant enhancement of fragmentation function of charged particles with pT<3 GeV
in most central Pb-Pb-collisions

ATLAS & CMS: Strong Interactions and New Physics S.Bethke, MPP Minchen Bormio 2016


http://arxiv.org/abs/1406.0932

Searches for New Phenomena

v

Run: 280319

Event: 1483975032
2015-09-25 21:35:46 CEST
Z' to 2mu candidate event

ATLAS

EXPERIMENT
highest mass dimuon event (m,, = 1.46 TeV)

ATLAS & CMS: Strong Interactions and New Physics S.Bethke, MPP Minchen Bormio 2016
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Searches for New Phenomena

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 [Ldt = (4.7 - 20.3) fb! Vs=7,8TeV
Model &y Jets ET™ [Latf) Limit Reference
L) Ll L ) I L) L) L) L) L) L) LI | l L) T Ll L) L) L) LI l L) L) L) L)

ADD Gik +g/q - >1j Yes  20.3 n=2 1502.01518

ADD non-resonant ££ 2e,p - - 20.3 n=3HLZ 1407.2410

ADD QBH — £q 1e,u 1j - 20.3 n==6 1311.2006

2 ADDQBH - 2j - 20.3 n==6 1407.1376
©  ADD BH high N 21 (SS) - - 20.3 n =6, Mp = 3 TeV, non-rot BH 1308.4075
E ADD BH high . p1 >leu >2j - 20.3 n=6, Mp = 3 TeV, non-rot BH 1405.4254
g ADD BH high multijet - >2j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1503.08988
S RS1 Gkk — £ 2e,u - - 20.3 k/Mp =0.1 1405.4123
® RS1Gkk =y 2y - - 20.3 k/Mp =0.1 1504.05511
‘5 Bulk RS Gyx — ZZ — qqtt 2e,pu 2j/1J - 20.3 kiMp; = 1.0 1409.6190
Bulk RS Gk — WW — qqtv 1eu 2j/1J  Yes 203 kMg =1.0 1503.04677

Bulk RS Gy — HH — bbbb - 4b - 19.5 | Ggk mass 500-72Q1GEVI ki/Mp =10 1506.00285

Bulk RS gk — tt le,u 21b,>21J/2) Yes 20.3 BR=0.925 1505.07018
2UED/RPP 2e,u(SS) 21b,21j Yes 203 1504.04605

SSM Z" — ¢t 2epu - - 20.3 1405.4123

2 SSM Z’ - 11 27 - - 19.5 1502.07177
2 SSM W’ — ¢y 1eu - Yes  20.3 1407.7494
3 EGM W' - WZ - ¢tvt'e 3epu - Yes 20.3 1406.4456
© EGM W’ —» WZ — qqtt 2e,u 2j/1J - 20.3 1409.6190
® EGMW’' - WZ - qqqq - 2J - 20.3 | W’ mass 1.3-1.5 TeWl 1506.00962
T HVT W’ — WH — ¢vbb leu 2b Yes 203 gv=1 1503.08089
S LRsm W}, - tb e 2b01] Yes 203 1410.4103
LRSM Wy, — tb Oe,u >1b,1J — 20.3 1408.0886
. Clgqqq - 2j - 17.3 1504.00357
O  Clqggtt 2e,pu - - 20.3 ne=-1 1407.2410
Cl uutt 2e,u(SS) 21b,21j Yes 203 [Cul=1 1504.04605
= EFT D5 operator (Dirac) Oe,u >1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1502.01518
Q EFT D9 operator (Dirac) Oe,u 1J,<1]  Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
o Scalar LQ 15 gen 2e >2j - 20.3 B=1 Preliminary
= ScalarLQ 2" gen 2u >2j - 20.3 B=1 Preliminary
Scalar LQ 3" gen 1eu 21b,23] Yes 203 B=0 Preliminary
VLQ TT - Ht+ X ey 22b,>23] Yes 203 T in (T,B) doublet 1505.04306
L VLOYY - Wh+X ey >1b>3] Yes 203 Y in (B,Y) doublet 1505.04306
88 VLQBB- Hb+X 1e,u 22b23] Yes 203 isospin singlet 1505.04306
L& VlaBB- Zb+X 2/>3e,u  22/>1b - 20.3 Bin (B,Y) doublet 1409.5500
Tsy3 — Wt 1e,u 21b,>5] Yes 203 1503.05425

Excited quark ¢* — qy 1y 1j - 20.3 only u* and d*, A = m(q") 1309.3230

.8 g Excited quark ¢* — qg - 2j - 20.3 only u* and d*, A = m(q") 1407.1376
'E E Excited quark b* —» Wt ior2e,u1b,2jor1j Yes 4.7 b* mass 870 GeV left-handed coupling 1301.1583
l.ﬁ Ko) Excited lepton £* — £y 2e,u, 1y - - 13.0 A=22TeV 1308.1364
Excited lepton v* — ¢W,vZ 3epurt - - 20.3 A=16TeV 1411.2921

LSTC a; —» Wy leu 1y - Yes 20.3 1407.8150
LRSM Majorana v 2e.u 2j - 20.3 m(Wpg) = 2.4 TeV, no mixing 1506.06020

< Higgs triplet H** — ¢£¢ 2e,u(SS) - - 20.3 DY production, BR(H* — ££)=1 1412.0237
@ Higgs triplet H=* — 1 3eut _ _ 20.3 DY production, BR(H™ — ¢1)=1 1411.2921
g Monotop (non-res prod) lep 1b Yes 203 3non-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, || = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 Preliminary

TR | \ 1 PR ST A | ' " PR S B R B | 1 1 PR
107 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.

run-l data (7 and 8 TeV): no positive signals = mass range exclusions
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LQ1(ej) x2
LQ1(ej)+LQ1(v))
LQ2(uj) x2
LQ2(uj)+LQ2(v))
LQ3(vb) x2
LQ3(th) x2
LQ3(tt) x2
LQ3(vt) x2
Single LQ1 (A=1)
Single LQ2 (A=1)

By)

0p)

—

=3
AN AN XN
OO0O0O
[ N O ey

SSM Z'(t1)

SSM Z'(jj)

SSM Z'(bb)

SSM Z'(ee)+Z'(uy)
SSM W'(jj)

SSM W'(lv)

SSM W' (WZ-Ivll)
SSM W'(WZ—4j)

Searches for New Phenomena

Leptoquarks

2 3 4 TeV

1 2 3 4 TeV

CMS Prel%minary

0 1 2 3 4 TeV

Excited
Fermions

x2
X2
x2
X2

coloron(jj
coloron(4j
gluino(3j
gluino(jjb

—_— — — ~—

1 2 3 4 TeV

Multijet
Resonances
2 / TeV

stopped gluino (cloud)

stopped stop (cloud)

HSCP gluino (cloud)

HSCP stop (cloud)

q=2/3e HSCP

g=3e HSCP

chargino, ctau>100ns, AMSB
neutralino, ctau=25cm, ECAL time

j+MET, vector DM=100 GeV, A
j+MET, axial-vector DM=100 GeV, A
j+MET, scalar DM=100 GeV, A\
y+MET, vector DM=100 GeV, A
y+MET, axial-vector DM=100 GeV, A
[+MET, &=+1, SI/SD DM=100 GeV, A
I+MET, §&=-1, SI/SD DM=100 GeV, A
[+MET, €=0, SI/SD DM=100 GeV, A

ADD (y+MET), nED=4, MD
ADD (j+MET), nED=4, MD
ADD (ee,pp), NnED=4, MS
ADD (yy), nED=4, MS

ADD (jj), nED=4, MS

QBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TeV
QBH (jj), nED=4, MD=4 TeV
Jet Extinction Scale

String Scale (jj)

dijets, A+ LL/RR
dijets, A\- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HnCM
single y, A HhCM
inclusive jets, A+
inclusive jets, A-

0 1
0 1

2
Dark Matter
2

Long-Lived

Particles

3 4 TeV

3 4 TeV

Large Exira
Dimensions

01234567 8 910111213141516171819 TeV

CMS Exotica Physics Group

Summary — Moriond, 2015

run-l data (7 and 8 TeV): no positive signals = mass range exclusions

ATLAS & CMS: Strong Interactions and New Physics
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Bormio 2016



Searches for New Phenomena

13 TeV data: Dijet Resonant Searches

arXiv:1512.01530v4 [hep-ex] CMS-EX0O-15-001 2.4 0" (13 TeV)
w [ T T T T T T T T I T T T T TTT |I|||||||l|I||||||"'I"'"""I““““'I“““H - I 1 I I I 1 I I I I 1 I 1 I I 1 I 1 I I 1 I I I ]
©w E ] S - =
%1 s ATLAS 1 N Ii) 10° - CMS ——— Data _
ove \s=13 TeV, 3.6 fb° - - £ Fit
B « Data a O I T QCD MC m
10% —— Background fit _ 2 102k SERTEREREY Color-octet scalar (3.1 TeV)
= — BumpHunter interval = = s Excited quark (5.0 TeV) =
- o-g*,m_ =4.0TeV . E: - —mm Scalar diquark (6.0 TeV) -
10°E - QBHYBM), m_=6.5 TeV— © 10 =
— o th E ~— E -
- . L - 7
10 = e
- q*, 0x3 - L _
10 QBH (BM) 10 = =
— p-value = 0.67 [ ]
u Fit Range: 1.1 - 7.1 TeV i 102 —
1§_ Iyl <06 l E = Wide jets o, =
- o e b bogadbdon i sl - s
SR = I A R AR A e 10° mi<25/an|<1.3 -
© +~ — —] — N E
E'.cé) “; OE ; L 1 1 1 l | 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 l'\'l l_
-(.%g_zz T T T T T T _’-0:\ :
] B LN L L LLLRARI L | A | B L
Q — JES Uncertainty ﬂ = :
= - = ©
% % OWMW“..M+++++++ H+ + = 'Ej'
° 1:— | | | ' |+ | -~ 0
2 3 4 5 6 7
m; [TeV] Dijet mass [TeV]
excludes e.g. excited quarks with Niodel Final— Obs Mass — Exp. Mass
State Limit [TeV] Limit [TeV]
String qg 7.0 6.9
masses < 5.2 TeV, and quantum BHs cahediquark o 60 1
Axigluon/coloron  qq 5.1 5.1
" Excited quark (q*) qg 5.0 4.8
Wlth MAaSSEeS < 5 . 1 ce 8 '3 Tev Color-octet scalar gg 3.1 3.3
Heavy PW (W') qq 2.6 2.3
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Searches for New Phenomena
13 TeV data: Search for Heavy Gauge Bosons (Z’ and W’)

Dilepton Resonance Search Lepton plus missing Et 22" (13 TeV)
Q — I T I 1 1 1 1 1 1 ] L 1 1 1 : w —
3 10° = ATLAS Preliminary ¢ Data = S10° & CMS ¢ Data
- {s=13TeV, 3.2 fb" )z = 2 E  Preliminary B W -
10° Dilepton Search Selection [} Top Quarks = of L. weE™S B
- [_] Diboson = = ! ] zy
10° &= : -5 i
= [ ] Multi-Jet & W+Jets 5 10* [ Diboson
oo — Z,(3TeV) 2 —— SSMW' 2.4 TeV
—— A =20TeV = 10° —— SSM W' 3.6 TeV
102 =
10 N 10°
= ¢
15 3 10
= = °
107 = 1
LE =
(@) L AT ALY B L U 1 N ==
I T [rlg - E P
a = s
S 017 ] ¢ el 13l A _z % 150 + [ ’F‘O‘
1 S —— — lll|l ) N — . = 0 1— - ) [ Ll
100 200 300 400 1000 2000 3000 S A TtV ® g*é + o7 [ L]
ATLAS-CONF-2015-070 Dielectron Invariant Mass [GeV] 0.5 L .
— [ Systematic uncertainty band b g \
0 e " " 4 " a e b - — —
2x10°  3x10° 10° 2x10°  3x10°
CMS-PAS-EXO-15-006 Mr (GeV)

excludes e.g. Z' with mz < 3.4 TeV,
and llgqg contact interactions with excludes W'—=Iv with my < 4.4TeV

scales Ajgq < 20 TeV
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Searches for New Phenomena

Diboson Resonant Searches

VVitol)
10" arXiv:1506.00962 ) J 177 ATLAS-CONF-2015-073
3 EATLASI " _e-Data | - > 10Pg——m =
O L - [O)) = L. 5
o - (s=8TeV. 203" — Background model | W 0] ~ ATLAS Preliminary —e— Data 2015 3
2 10°E ’ — 1.5TeVEGM W', c = 1 —= o B —13TeV. 3.2 b —— Fit bkg estimation 7
~ E 2.0 TeVEGM W', ¢ = 1 - S gL 'ST1e V.S _
g e 25TeVEGM W', ¢ = 1 5 . % = Fit exp. stats error =
S —— Significance (stat) _ A € - WZ selection ]
L = I Significance (stat + syst) = J e o 10 ]
= ] . T = =
- WZ Selection N - =
10 = Jl .}2 N _
— . 1 —=
B _ = EiE =
= il
1 = B _I—'—|_
= - 107 = — E—
107" = —= — ]
- = >
- a
§ 3r - , , , , , , -
S ?TI - 1000 1200 1400 1600 1800 2000 2200 2400
= OF m,, [GeV]
= -
2 -1t
» -2F
modest excess observed in run-I: no excess observed, but sensitivity

3.4 0 local, 2.5 o global significance  still too low for conclusive probe
(similar for CMS)
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Searches for New Phenomena

13 TeV data: Diphoton Resonant Searches

search for narrow width (Higgs-like) resonance

> 0T 71T T T T T TS
% ATLAS Preliminary -
N oL ¢ baa B search for narrow to wide width (graviton-like) resonance
% E Background-only fit E CMS Preliminary 2.6 fb" (13 TeV)
u>.1 - . ; | ' | EBEB category ‘
102 = (s=13TeV,32f6" = &
— = 8 107 =
10E- = % 10;? A

— - > — '

B 4 4 ~ t Data A

T 1 1 —Frmoe ly u “M*H

- 3 = 2ot

— - — +10o

- N 10 =P +20 N
S P E WMM
3 15E E 3 4
bt — @ =
2 9% * ] 2 2E
8 <3 L h L 44 3 F 0
S oF Tt = S -zE'
Q - - (4]
E —55— o0 + 4 T 4 :
g OF .‘+ E 3x10°  4x10° 5x10? 10° 2x10°
e S A E CMS-PAS-EXO-15-004 My y (GeV)

200 400 600 800 1000 1200 1400 1600

ATLAS-CONF-2015-081 m,, [GeV]

: . o
— m,,, resolution: ~1% (ATLAS) ~1.1/71.8 % (CMS)

YY
— different bin sizes: 40 GeV (ATLAS) 20 GeV (CMS)
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Searches for New Phenomena

13 TeV data: Diphoton Resonant Searches

—
S
w
| ||||||I
—_—

Vs=13TeV,3.2fb"

4o — Observed

---------------------------------------------------------------

()] L | | | L | | | |
= 1E —
[ = Oo =
> E -
o | 16. _
T 1L _
S 107E =
O — -
— - oG ]

107 E

—
o
I
T

I | - I 11

_5 llllll |
107 ""500 400 600

1 l 1 1 | I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 [
800 1000 1200 1400 1600 1800
m, [GeV]

local p-value: 3.6 0 at 750 GeV

global p-value: 2.0 0 (200-2000 GeV)
[for narrow width assumption (I' ~ 0.004 GeV)

best fit (largest p-value):
[~45 GeV, p-value 3.9 (2.3) O

CMS Preliminary 2.6 fb" (13 TeV)

IR - H-H------- R 1o
10-1 — K - 0-01

- — Observed P,

E 1 e e -20
102 — “

—————————————————————————————————————————— -3 0
10-3 ! ! ! ! 1 ! ) !

5x102 10° 2x10°  3x10°

mg, (GeV)

local p-value: 2.6 0 at 760 GeV

global p-value: <1.2 0 (500-4500 Gev)
[for narrow width assumption (I ~ 0.1 GeV)]

for large width (I' ~ 42 GeV):
p-value 2.0(< 1) o
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Searches for New Phenomena

13 TeV data: Diphoton Resonant Searches
Consisteny Check with 8 TeV data

CMS Preliminary

2.6fb" (13 TeV) + 19.7 b7 (8 TeV)

o
Q. O
T
X .'.j K Ve
N by I R | T fio - A 16
10'1:— '
I :
R | I R | AR 20
10% % = 0.01
N 8 —— Combined
- 4% - 13TeV
- e 8TeV
10-3.""7""." N 36
5x10° 10° 2%10° 3x10°
m, (GeV)

- CMS: combined analysis improves 13 TeV limits :
local significane: 3.05 o ; global significance: <1.7 0

- ATLAS: repeated analysis of 8 TeV data with same conditions as at 13 TeV,
-> results for narrow-width hypothesis and a spin-0 object from gg-fusion
are consistent at 2.2 o level (1.4 o for ['/m = 6%)
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Summary
e run Il at s = 13 TeV successfully started in 2015

* results from new 2015 data significantly extend and -

in some cases - already exceed results obtained from
run-l data (s = 7 and 8 TeV)

* SM still in very good shape at 13 TeV

* precision results for fundamental SM parameters like
Mtop, Ks, Otop ... (Higgs: see talk by Paolo Azzurri)

* no significant signal of physics BSM seen; some limits
from run-Il already exceed those from run-|

* modest excess signal seen in run-l di-boson mass (and
others) need more statistics

* modest “bump” in m,, distribution at ~750 GeV

boosts hopes and imagination - desperately waiting
for more datal

ATLAS & CMS: Strong Interactions and New Physics S.Bethke, MPP Minchen Bormio 2016



2015 2016 2017 2018 2019 2020 2021 }
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ATLAS Preliminary
13 TeV, 78 -85 pb'

7| data + total uncertainty
| data £ stat. uncertainty

A ABM12LHC ke

Y CT10nnlo i
B NNPDF3.0

® MMHT14nnlo68CL +—@—+
(NNLO QCD, inner uncert.: PDF only)
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