First results from LHC's Run-2
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Run-1

7 & 8 TeV pp, 5 & 20 fb!

A few highlights, with apologiesto CMS for showinga bit more ATLAS here, for convenience



Harvest of Run-1 results (approaching 500 papers / exp) confirming predictive power of SM

Standard Model Production Cross Section Measurements
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Status: Nov 2015
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Numerous Standard Model measurements have driven QCD tests at hadron colliders
to a new quality, accompanying new theoretical developments
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Top quark production has been studies with unprecedented experimental precision

Dilepton tt cross-section measurement
[ ATLAS, EPJC 74,3109 (2014)]

Precision test of NNLO QCD,
used to derive the top mass
and new physics limits

Luminosity and centre-of-mass
energy open phase space to
observe rare tt + vector-boson
production

tt+W/Z: 7.10 combined significance
[ ATLAS 1509.05276 ]
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Similarly for top-quark properties

Top mass measurements

Newest top mass combination
from CMS features total
uncertainty of 480 MeV

[ CMS, 1509.04044 ]

640 MeV for Tevatron combination,
ATLAS has no 8 TeV result yet

Important theoretical
discussion on non-
perturbative uncertainties

Alternative, but less precise,
Mo determinations via
Cross-section measurements

ATLAS+CMS Preliminary LHCIOpWG  my,, summary,/s = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]
stat
total uncertainty total stat
Miop = 173.34 £ 0.76 (0.36 = 0.6:7) GeV M = total (state syst) s Ref.
ATLAS, I+jets (*) ——=—t 172.31+1.55 (0.75+ 1.35) 7TeV [1]
ATLAS, dilepton (*) =+ 173.09= 1.63 (0.64= 1.50) 7TeV [2]
CMS, I+jets I—l-°—|—| 173.49+1.06 (0.43+0.97) 7 TeV [3]
CMS, dilepton ———i 172.50+ 1.52 (0.43+ 1.46) 7TeV [4]
CMS, all jets i1 173.49+1.41 (0.69+ 1.23) 7TeV [5]
LHC comb. (Sep 2013) 4 173.29: 0.95 (0.35:= 0.88) 7TeV [6]
World comb. (Mar 2014) -+ 173.34= 0.76 (0.36= 0.67) 1,967 TeV [7]
ATLAS, I+jets —e— 172.33+1.27 (0.75+ 1.02) 7 TeV [8]
ATLAS, dilepton I—|—-—|—| 173.79+ 1.41 (0.54+ 1.30) 7 TeV [g]
ATLAS, all jets ——=—— 17512 1.8 (1.421.2) 7 TeV [9]
ATLAS, single top I —e—t | 172.2+2.1 (0.7 2.0) 8 TeV [10]
ATLAS comb.(m;"e'tg?;ﬁ_ |—|—--+—| 172.99+ 0.91 (0.48= 0.78) 7TeV [8]
CMS, l+jets HoH 172.35+0.51 (0.16+ 0.48) 8 TeV [11]
CMS, dilepton I—H—-—| 172.82+1.23 (0.19+1.22) 8 TeV [11]
CMS, all jets e | 172.32+0.64 (0.25= 0.59) 8 TeV [11]
CMS comb. (Sep 2015) ST 172.44+ 0.48 (0.13+ 0.47) 748 TeV [11]
[1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427
[2] ATLAS-CONF-2013-077 [8] Eur.Phys.J.C (2015) 75:330
[3] JHEP 12 (2012) 105 [9] Eur.Phys.J.C75 (2015) 158
(*) Superseded by results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
shown below the line : [5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-022
' R SRR | N IR S R A N R N R B
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Single-top production and property measurements
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Single top production ATLAS Is=8TeV,20.3 0"

Measured fiducial Wt+tt cross-section
[ Total uncertainty

Top cross-sections st ety _
. . Predicted fiducial cross-sections:
significantly enhanced POWHEG-BOX +PYTHIA DR CT10

o™ at NLO+NNLL, o' at NNLO+NNLL
POWHEG-BOX+PYTHIA DR CT10

o™ and off at NLO

POWHEG-BOX+PYTHIA DS CT10
o"and o' at NLO

POWHEG-BOX+HERWIG DR CT10 =%
o™and ot at NLO

MC@NLO+HERwIG DR CT10

oW and o' at NLO

MC@NLO+HERWIG DR MSTW2008

o"t and ot at NLO

MC@NLO+HERWIG DR NNPDF 2.3

o™ and o' at NLO
I\\\\‘\\\\‘\\\\‘\\\\‘\\\

t-channel already measured 03

at LHC wrt Tevatron:
at 8 TeV, factors of 42
(t-channel), 31 (ft), but

only 5 for s-channel
(ie, worse S/B at LHC)
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y g t _SQ T T T
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I Multi-jet
777} Post-fit uncertainty
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S
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SM prediction q ¢

N
L
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W mass
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World average value dominated by Tevatron measurements : 80.387 +0.016 GeV

[ CDF &D0, 1204.0042]

Standard Model prediction:

My

80.3584 + 0.0046,,, & 0.00305,,__m, = 0.002657, + 0.0018 74, .
+ 0.00204, & 0.0001 3, + 0.00405,. a7, GeV,
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Discovery of an elementary (?) scalar boson and flurry of property measurements

ATLAS & CMS

Combinations of Higgs

mass and coupl
measurements

[ arXiv:1503.07589,
ATLAS-CONF-2015

ing

044

& CMS-PAS-HIG-15-002 ]
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Higgs production processes

LHC Run 1
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Also:
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Differential cross-section measurements

Limit oninvisible Higgs branchingratio of < 25%
[1509.00672,1404.1344 ]

Constraints on anomalous off-shell coupling or
spin/CP, forbidden decays (FCNC) and other
scalar particles (BSM Higgs)

Higgs decay processes
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Discovery of an elementary (?) scalar boson and flurry of property measurements

Higgs as BSM portal

Higgsis narrow: 4.1 MeV

For comparison:

My =2.1GeV
r, =25GeV
Mop = 1.3 GeV

Even small couplings
to new light states can
measurably distort
branching fractions

My =4.1 MeV
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Beautiful flavour and low-pt physics measurements

Flurry of beautiful results from LHCb [ almost 300 papers to date ] Precision measurement of ¢

[PRL114,041801(2015)]
CMS and LHCb (LHC run 1)
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Beautiful flavour and low-pt physics measurements

1.5 L L | T T 05 I — T T 1 T T 1
: excluded area has CL > 0.95 ! %} :
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The “bread-and-butter”
CKM phase measurements
continue to improve

Measurements of y, sin(2p),
|Vl Amyg,yfrom LHCb
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Flavour anomalies ?

Test of lepton flavour universality: R(X) =T(B—= Xtv)/(B— X{£ V)

Robust theoretical prediction

HFAG, semileptonic combination for EPS-HEP 2015: http://www.slac.stanford.edu/xorg/hfag/semi/eps15/eps15_dtaunu.html
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Striking phenomena observed,
e.g. in lead-lead collisions and "=

soft pp physics
44,
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Vast amount of BSM searches — with no significant anomaly seen so far

Theory-agnostic, signature based
searches, as well as naturalness
driven, highly targeted model-
dependent ones
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: July 2015 Vi=7,8TeV
Model &Y Jets EPS [ranm) Mass limit [WEE7TeV]  \5=8Tev Reference
T
MSUGRAICMSSM 08epufi2r 210jetsiBh Yos 203 | @ 18 TeV m)-miz) 150705525
i G5, 0 Yes 203 @ 850 GeV/ GeV, (1" gen.G)=m(2" gen.g) 1405.7675
2 mono-jet  1-3jets  Yes 203 |@ 100-440 GeV )m(¥})<10GeV. 1507.08525
5 2ep(offz) 2jets  Yes 203 |4 780 GeV 1)=0Ge 1503.03290
2 0 26jels  Yes 203 |& 133 TeV. 0Gev 14057875
3 O-lepu  26jets  Yes 20 |& 1.26 TeV m(F})<300 GeV, m(¥)=0.5(m(F }+m(z) 1507.0525
03jets - 20 |z 1.32TeV. miE)= 150103555
2 12740-1¢ 02jets  Yes 203 |& 16TeV  tany 1407.0603
3 2y - Yes 203 |& 129TeV cr(NLSP)<0.1 mm 1507.05493
®  GGM higgsino-bino NLSP) Y 1b Yes 203 (& 1.3 TeV M(F})<900 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
= GGM (higgsino-bino NLSP) ¥ 2jets  Yes 203 |[& 1.25TeV m(F})<850 GeV, cr(NLSP)<0.1 mm, >0 1507.05493
GGM (higgsino NLSP) 2e4(2)  2ls  Yes 203 |& 850 GeV. m(NLSP)>430 GeV 1503.03280
Gravitino LSP 0 monojel Yes 203 | #Viscale 865 GeV. (G218 x 10 &V, m(p)=m(g)=1 5TeV 150201518
S 0 3b Yes 201 |& 1.25TeV m(i})<400 GeV 1407.0600
38 0 710jets Yes 203 |& 14TeV. miEl) <350 GeV. 1308.1841
< E 01 e 3b Yes 201 [& 1.34 TeV m(E})<400 GV 1407.0600
e 10 O0-1ep 3b Yes 204 |& 1.3 TeV m(F})<300 GeV 1407.0600
25 o 2h  Yes 201 |B 100-620 GeV. m(i)<80 Gev 1308.2631
B 2eu(SS)  03h  Yes 203 |b 275-440 GeV mF})=2 mii?) 1404.2500
33 12ep 12b  Yes 47203 | 7, IIHOSISTGEV 230-460 GeV ¥1) = 2m(i!), m(¥})=55 GeV 12002102, 1407.0583
2 § 026 02jels/1-2b Yes 203 |7 90-191 GeV 210700 GeV oV 1506.08616
§’ & 0 mono-eic-tag Yes 203 | & 90-240 GeV' m{i)-m(F})<85 GeV 1407.0608
& 8 2e.41(2) 10 s 203 |@ 150-580 GeV. m(E})>150GeV 1403 5222
- 3eu(2) 1h Yes 203 @ 290-600 GeV' m(¥1)<200 GeV 14035222
2ep 0 Yes 203 |7 90-325 GeV. miE})=0Gev 14035294
2en 0 Yes 203 140465 GeV Sm(ET mii)) 14035204
27 - Yes 203 100-350 GeV/ S(m(E;)+m(i}) 1407.0350
= g VL), (L) 3e ) Yes 203 700 GeV (7 o)) 102.7¢
ws HW)?X “; 23eu  02jets  Yes 203 420 GeV' sleptons decoupled | 1403.5294, 1402.7028
S WKL, hobb/WW/TTlyy ©HY 02h  Yes 203 250 GeV' miE 1501.07110
O], 03 —Tnd dep 0 Yes 203 | iay 620 GeV mE=mE), mii?)= 14055086
GGM (wino NLSP) weak prod. Teu+y - Yes 203 W 124-361 GeV. cr<tmm 1507.05493
Direct [} prod., long-lived ¥; ~ Disapp.trk  1jet  Yes 203 | ¥ 270 GeV m(Ei 13103675
. Direct¥i¥ prod., long-lived ¥}  dE/dx trk - Yes 184 |G 482 GeV. (i 1506.05332
© @ Stable, stopped ¢ R-hadron 0 1-5jets  Yes 279 |& 832 GeV/ m(¥})=100 GeV, 10 us<r(z)<1000 s 1310.6584
=G Stable  R-hadron trk - BTN | 3 1.27TeV 14116795
ST rvien siaple 7, Wot(@fires) 124 - RS 537 GeV. T0<tang<s0 14116705
K1 —G, long-lived ¥ 2 - Yes 203 | 435 GeV 2<x(i)<3 ns, PS8 model 1400 5542
displ. eefep/pp - - 203 |@ 1.0Tev 7 <cr(¥})< 740 mm, m(z)=1.3TeV 1504.05162
W26 displ. vix +jets - 203 |8 1.0TeV 6 <cr(E)< 480 mm, m(z)-1.1TeV 1504.05162
Long_LNed ¥y + X Tyoefer/ur epenyT - - 208 |w 1.7Tev 0.07 150304430
¥ RPV CMSSM 2¢u(8S) 08b Yes 203 [aE 135 TeV. @, 1404.2500
Porﬁcles T W ):('{awt,.m\?, dep - Yes 203 750 GeV/ m(E)02xm(E 14055086
B oWH L orrv,erv, 3en+T - Yes 203 450 GeV' m(E})>0.2xm(¥} 1405.5086
44q [ 67jls - 203 917 GeV. BR()-BR()-BA( 1502.05686
G0 S qqq 0 67 jets - 203 |& 870 GeV m(¥})=600 GeV 1502.05686
i fibs 264(89) 03h  Yes 203 | 850 GeV. 1404.250
Tev b 0 2jes+2b - 203 |iy 100-308 GeV. ATLAS CONF 2015026
2 3 4 TeV 2en 25 203 |# 04-1.0TeV BR(—be/j)>20% ATLAS CONF 2015015
charm, g} 0 2¢ Yes 203 |& 490 GeV m(¥})<200 GV 1501.01325
L
107 1 Mass scale [TeV]

Dark Matter

2
Large Extra
Dimensions

5 6 7 8

TeVv
Compositeness

Summar

Moriond, 2015

012345678 910111213141516171819 TeV

ection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o

theoretical signal cross section uncertainty.

Not unexpectedly, a few of these
searches ended up showing some

(non-significant) anomaly, a legacy to
check in Run-2
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Events /2.5 GeV

—_

—_

—_

Not unexpectedly, a few of these searches ended up showing some anomaly,
a legacy to check in Run-2 (shown here: ATLAS examples)

2L(2) + MET
[ ATLAS, arXiv:1503.03290 ]
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r —e— Data b
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L e m(g)u=(900,600)GeV
8- .
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a- | T : ]
........... Z R i
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A few early papers with ideas:

http://arxiv.org/abs/1504.02244
http://arxiv.org/abs/1506.04435
http://arxiv.org/abs/1504.01768
http://arxiv.org/abs/1503.04184

Significance

2L(SS) + b-jets + Hr+ MET
[ ATLAS, arXiv:1504.04605 ]

T T T
—e— Data
—twiz
3 Q Mis-id
@ Fake/non-prompt leptons
3 tiH
@ Dibosons
[ Other

/////

SRVLQO SRVLQ1 SRVLQ2 SRVLQ3 SRVLQ4 SRVLQ5 SRVLQ6 SRVLQ7
SR4t0 SR4t1 SR4t2 SR4t3 SR4t4

A few early papers with ideas:

http://arxiv.org/abs/1507.01601
http://arxiv.org/abs/1507.01923

Events / 100 GeV

Significance

Diboson resonance (VV’ — JJ)
[ ATLAS, arXiv:1506.00962 ]

10* — T

T
ATLAS

E g

E —e— Data 3
F=_ 4+ —— Background model ]
103;\@—8Tev,20.3fb 5 TOVEGMW! =1 3
E 2.0TeVEGMW', c=1 3

iy —— 25TeVEGM W', c=1 7
102 & —— Significance (stat) |
E I Significance (stat + syst) E

F WZ Selection E
10e + E
1 =
10 =
37\11%111\11171{111111111},
2F =
1t ]
0F ]
= ]
2 T T
1.5 2 25 3 3.5

m; [TeV]

A few early papers with ideas:

http://arxiv.org/abs/1506.04392
http://arxiv.org/abs/1506.06736
http://arxiv.org/abs/1506.03931
http://arxiv.org/abs/1506.03751
http://arxiv.org/abs/1507.06312
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Broad search coverage — not only the standard signatures

Run-1 “tour de force” analysis of pMSSM

[ ATLAS, 1508.06608]

Combined use of 22
separate ATLAS SUSY
searches in addition

to external constraints
(my, EWPO, flavour, LEP
searches, dark matter)
to probe 19 parameter
PMSSM

Distinction of LSP types:
bino, wino, higgsino

Analysis overall reproduces
simplified models picture

Higgsino/wino scenarios
biggest challenge

Analysis All LSPs | Bino-like | Wino-like | Higgsino-like
0-lepton + 2-6 jets + E'%ﬁss 32.1% 35.8% 29.7% 33.5%
0-lepton + 7-10 jets + Exiss 7.8% 5.5% 7.6% 8.0%
0/1-lepton + 3b-jets + Fxiss 8.8% 5.4% 7.1% 10.1%
1-lepton + jets + B 8.0% 5.4% 7.5% 8.4%
Monojet 9.9% 16.7% 9.1% 10.1%
SS/3-leptons + jets + EMIss 2.4% 1.6% 2.4% 2.5%
7(7/0) + jets + Exiss 3.0% 1.3% 2.9% 3.1%
0-lepton stop 9.4% 7.8% 8.2% 10.2%
1-lepton stop 6.2% 2.9% 5.4% 6.8%
2b-jets + Emiss 3.1% 3.3% 2.3% 3.6%
2-leptons stop 0.8% 1.1% 0.8% 0.7%
Monojet stop 3.5% 11.3% 2.8% 3.6%
Stop with Z boson 0.4% 1.0% 0.4% 0.5%
tb—l—E%liss, stop 4.2% 1.9% 3.1% 5.0%
Lh, electroweak 0 0 0 0
2-leptons, electroweak 1.3% 2.2% 0.7% 1.6%
2-7, electroweak 0.2% 0.3% 0.2% 0.2%
3-leptons, electroweak 0.8% 3.8% 1.1% 0.6%
4-leptons 0.5% 1.1% 0.6% 0.5%
Disappearing Track 11.4% 0.4% 29.9% 0.1%
Long-lived particle 0.1% 0.1% 0.0% 0.1%
HJA 5 7= 1.8% 2.2% 0.9% 2.4%
Total 40.9% 40.2% 45.4% 38.1%




Broad search coverage — not only the standard signatures

All experiments looked for various types of long-lived massive particles

g R-hadron — g/qq 7(? ;mz° =100 GeV
1

Status: June 2015

< 2000 - -

> C Dlsplacgd vertices arXiv:1504.05162 - O - Expected limits

G, | —@— Jets+ET"*®  arXiv:1405.7875,ATLAS-CONF-2014-037 -

1800 — Pixel dE/dx arXiv:1506.05332 5 o Ots);srveq limits
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Run-2

13 TeV

Complete overview of results, apologies for omitting analysis details
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Life in 2015: 13 TeV / 8 TeV inclusive pp cross-section ratio

Minimum bias

W(ln)

Z(ll)

Yy

t (s-channel)

t (t-channel)

WH

H (ggF)

H (VBF)

tt

ttZ

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
Z' SSM (3 TeV)

Q* (4 Tev)

QBH (5 TeV)

QBH (6 TeV)

<
1.2 At 103 cm=2s'@ 13 TeV
1.6 pp the LHC produces:
1.7 - 200HzZW — ¢v
020 - 19HzZ —=¢¢
2.2 - 8 Hztop pair
| 2.5 - 0.5Hz Higgs
e 2.0 I |
| 2.3 N ‘
2.4 13/8 TeV sensitivity formula:
. Sl3
3.3 Y/ e D
3.6 Kizpg = 57—
3.9 / JBs
4.0 where k;= 13/8 ratio, and
8.4 i= Signab Backgroundi Luminosity
|
46 Eg K13/8 = 0.87 for ttH3_3/fb
. 10 -
‘ 56
I
: 370
9000
2 1 1 1 1 L B e | If/ 1 T r=r=r ( 1 1 L i e | I/ 1 1 1 1 L e e | r/
10 100 1000 10000
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2015 LHC operation at a glance

From: Matteo Solfaroli, LHCC open session, Sep 23, 2015 215tSep 25 ns STABLE BEAMS

with 1177 bunches/beam

3rd Apr Completion of PT campaign

RB Training Quenches - MP3

000" 3605 R
w e $56-2008
o o 57

A e s12
® s56

11400

10800

34 June First STABLE BEAMS!

21-Sep-2015 21:00:30

Experiment Status
Instantaneous Lumi [(ub.s)A-1]
BRAN Luminosity [(ub.s)A-1]

Fill Luminosity (nb)A-1
Beam 1 BKGD
Beam 2 BKGD

LO Position

Fill #: 4402

Gap: 58.0 mm ]

Energy: 6500 GeV

ATLAS ALICE

2728.155
23014
0.000

0.998
15
0.000
0.000
0.000

4.003
0525

STABLE BEAMS

I(B1): 1.27e+14

CMS LHCb

2413.367 55.013
19515 36.2
10.542 0332

0.250
0.083

0355
1.962

1

TOTEM

* e over the last 24 Hrs Updated: 21:00:30

10200 - 545-2008
d ® s8l
® s23
600 s78
® s45
® s34

9000
10 0 30 40 0

e s b

ok I
.... Ay Lq! 1! r|1‘|

=
=
=
i
=i
5
E
'i
-
1

T

Intense beam

commissioning phase

10t Apr 6. 5 TeV for the firsttime (ever')

12
1.0
0.8
0.6
0.4
0.2
0.0

12001177

00:00 | 00:00

T

00:00 00:00 00:00 00:00 00:00

TS-1

14t July 476b (50 ns)

MD-2 + TS-2

7t Aug end scrubbing for 25 ns

September

Since then, Oct/Nov:

\ 16><1O33 o2 . §232 colliding

|‘ T unches in

= — AT ATLAS/CMS
oo ¢ Lya 0f 5.2+ 10%
| - Nov 4: MD/TS-3

Time (hours)

Nov 20: lons
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2015 LHC proton—proton luminosities
Results reported today only use summer datasets (up to LHCP 2015, max. of 85 pb~7)

CMS Integrated Luminosity, pp, 2015, v's = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC

1_'_| 6_ T T I T T T I T T T I T T T I T T — — 4500 T T T 1 T 4500
No) o . . . . — I LHC Delivered: 4012.95 pbh™
ui - ATLAS Online Luminosity  Vs=13Tev - "& 4000 CMS Recorded: 3610.95 pb-" 4000
= 5 [ LHC Delivered 4 3z
o u 7 2 3500 13500

C | | ATLAS Recorded . —
E N I g Preliminary Offline Luminosity
S 40 Total Delivered: 4.34 fb” £ 3000 13000
8 T Total Recorded: 4.00 fb™ 7 g 2500\ Totalin 2015 (recorded): {2500
— r . . ] -l . _ . 1
o SE Peak luminosity: n T i B=38T:291b l
2 1 2% .pB.38T.08M" 2000
Q - _ 33 A2 o1 - + © 1.
c 2'_ Lmax =52x10%cm=s ] c 1500} (due to problem with cryogenic supply) {1500
— L ] (=]
[ - 1 i N 7] —1 -
E : 3.3 fb! for physics . £ 1000/ 2.4 fb~! for physics 11000

1= — —
C N & s5o00f 1500
C - o
0_ 1 L L | T T 1 1 | 1 1 | 1 1 1 a P 0 L 1 1 1 1 0
27/05  28/06  30/07 31/08 02/10 04/11 W vo oe® o Wt
> AP gy ¥ A
Day in 2015 Date (UTC)

LHCb after luminosity levelling:0.32 (0.36) fb~' recorded (delivered)

Luminosity measurements calibrated with “mini” beam-separation scans in ATLAS/CMS: 6 = 9% (ATLAS),
12/4.8% (CMS), and with the beam-gas imaging method in LHCb: 3.9% (!). Differences in amount of
delivered luminosity between ATLAS and CMS under scrutiny by experiments

Pileup profiles: ATLAS/CMS: <u>5y s = 20, <P>s5 06 = 13 (<p>grey = 21), LHCb: <p> ~ 1.7 oe



ATLAS improvements for Run-2

Huge consolidation & improvement programme for detector, online, offline, computing

Infrastructure upgrades: magnet & cryogenic systems, additional muon chamber
shielding, new beam pipes

Detector consolidation: muon chamber completion (1.0<n| < 1.3) & replacements,
calorimeter electronics repairs, improved inner detector read-out capability to cope
with 100 kHz L1 trigger rate, new pixel detector services and module repairs

New topological L1 trigger and a)  siden

Z=0

new central trigger processor,
restructured high-level trigger /) N Wpanar/ N\ap

New Insertable B-layer : fourth pixel

layer at 3.3 cm from beam, consisting of
planar & 3D (forward) silicon sensors, AV,
smaller pixels )] oroon s

R40.0 - IBL outer envelope

R33.5 - Module radius

New software, new production
system, new analysis model, ...

Replacement of TGC chambers

Side C

Sensor area [mm?]: 41.3x19.2 20.5x 18.5
No. of pixels [z, $]: 160 x 336 80 x 336

Stave flex

Stave
FE-14B chip
3D sensor
> 3D-HV TAB
Module flex EXTENSION

Flex pigtail H\

c)
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CMS improvements for Run-2

Also significant updates and improvements

acker, CodCperion

'/ -
~1 m? Pixels (66M channels)

WL \\\ ~200 m2 Si microstrips (9.6M channels)
A
N\
A\

[
Iron Yoke
72 (144) new CSC

‘—I "_\ L
!al — /v (RPC) chambers
—

tations of
on detectors

i M

/
~ \"'$ <
N
ECAL: Electromagnetic

calorimeter - 76K PbWO;, crystals 7 /
HCAL: hermetic Brass/

12,500 tons - . _

21 m long Scintillator sampling hadronic v

15 m diameter calorimeter _ Source: Paolo Spagnolo, LHCP 2015
— Multithreaded and more efficient reconstruction at CERN and Tier-1

— New compact mini-AOD format (~10% of AOD)
— Large efforts on improved (out-of-time) pileup mitigation

3.8 T Solenoid"

Also:
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LHCb improvements for Run-2

Big effort intrigger area (among others)

Detector consolidation: muon HV and grounding, 15% PMTs replace in HCAL, ECAL monitoring fibres
replaced, module repairs in OT, HPD exchange in RICH, fixes in cooling, gas, power, shielding, ...

HeRSChelL: new scintillating counters to extend LHCb
coverage to high rapidity (CEP, diffraction, ...)

Trigger upgrade — split trigger:

— All 1ststage (HLT1) output stored on disk . . .
LO Hardwa_re Trigger : 1 MHz
— Used for real-time calibration and alignment readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz
— 2nd stage (HLT2) uses offline-quality calibration

— 5 kHz of 12 kHz to Turbo stream: Software High Level Trigger
Objects produced by trigger are stored [ .Partial event recons.trl.lction, s_elect ]
displaced tracks/vertices and dimuons

No raw event — smaller event size

«  Used for high-yield channels (charm, JAp, ...) L

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

> I 11

12.5 kHz Rate to storage
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Event 41383468

Run 153460

Wed, 03 Jun 2015 11:52:09

Run-2 Physics & Performance



Preparation for Physics Results

A crucial ingredientfor any physics result is a good understanding of the basic physics
objects (tracks, e, y, t, jets, missing transverse momentum, flavour tagging)

For early 13 TeV physics results, ATLAS developed concept of pre-recommendations
with Run-1 & MC based object calibrations and enlarged uncertainties fully available
for early physics (summer conferences — results presented here)

Pre-recommendations promptly validated with first data, and then during the year
replaced with fully 13 TeV data-driven recommendations (ie, calibration & uncertainties)

Early & validated MC crucial. Key role of ATLAS Physics Modelling Group



Soft physics with tracks at 13 TeV

ATLAS

EXPERIMENT

Run Number: 264034, Event Number: 11475271

Date: 2015-05-06 22:53:45 CEST

One of the very first proton—
proton collisions recorded
by ATLAS in “quiet beam”
conditionsin May 2015




ATLAS inner tracking performance

[ ATL-PHYS-PUB-2015-018]

ATLAS tracking in Run-2 features the new IBL, reduced material within acceptance,
and algorithmic improvements (eg, huge speed-up, tracking in dense environment areiseus-201s006 1 )

. . = 400 ———————r =
E = . |
Sketch of ATLAS inner tracking detectors S as0 ATLAS PR buaaoo sasTev Impact
o 300 ' o Data2015,(s=13TeV parameter
o E 3 .

( R=1082mm 250FE°" = resolution
200 —— E improvement
0= = fromIBL

TRT< N 100 —*  —o— =
505 N § Measured
L S — E—— improvement of
= ogf — ] impact
\_ R = 554mm % 0-6¢ - parameter
T S 4x10" 1 2 3 4567890 20 , i
p, [GeV] resolution with
cord R=43mm = 600————— L . IBL depending
. £ © ATLAS Preliminary o Data2012 Ge8Tev 1 on track pr
R =299mm —~ 500~ 00<n<02 ’ =
N F ® Data2015,{s=13TeV o
° 4007 =
F—o— E
R =122.5mm " 300 —o— E
i R = 88.5mm | ————————— Fo — ]
P|Xe|5{ R =50.5mm / 200— _o . -
R =33.25mm / 1 OOE —o— - o— 3

R=0mm

x107 1 2 3 4 5678910 20
32 pT[GeV]

2015/2012
» OO



Properties of inelastic pp collisions at 13 TeV

Key input to pileup and underlying event modelling, uses low-u data

[ ATLAS-CONF-2015-028 ]

Measurement of primary charged particle production: dN,./dn, d°Ng/dndpr, Nen, <p7>/Ngh

Fiducial cuts: pr> 0.5 GeV, |n| < 2.5, Nop > 1

« Trigger events with as little “bias” as possible: >1 hit in forward scintillators (uBTS, 2.07 < |n| < 3.86)

* Measure trigger and vertexing efficiencies from data

_+_

=% Data 2015

ATLAS Preliminary

Vs =13 TeV
nBL =1, P> 500 MeV, Inl < 2.5

sel =

-

\l\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\.‘

Vertex efficiency

0.98
0.96
0.94
0.92

0.9
0.88

1 vertexrequired with >2 tracks of pr > 100 MeV

——

= Data 2015

ATLAS Preliminary
(s =13 TeV

nBL =1, P> 500 MeV, Inl <2.5

sel =

i
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Properties of inelastic pp collisions at 13 TeV

Key input to pileup and underlying event modelling, uses low-u data

[ ATLAS-CONF-2015-028 ]

Measurement of primary charged particle production: dN,./dn, d°Ng/dndpr, Nen, <p7>/Ngh

Fiducial cuts: pr> 0.5 GeV, |n| < 2.5, Nop > 1

+ Measure and subtract secondary interactions and fake tracks

« Correct for tracking inefficiency

* Unfold measured spectra from detector effects

Sk
N

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6

>
v

a1 ]

i

~
—~®
iy

@
@

+

T T [T T T T [T T T[T [TTTI[TTTT[TTTT]
[T I I I I I I

> 500 MeV, Inl <2.5

POy

- had -
-

R O ARSRRRE
Simulation Preliminary
\Yj Minimum Bias MC

+

Colvpmde PSS B B Ben e e 19

Track reconstruction efficiency

AN IATANINEN AR I I
-25-2-15-1-050 05 1 15 2

2.

n

5

Track reconstruction efficiency

0.92

0.9
0.88
0.86
0.84
0.82

0.8
0.78
0.76

A=t
e
San

eV
P> 500 MeV, Inl <2.5

3
@
o

v

TT‘\H‘\H‘\H‘\H‘\H‘\H[

t

\[TTT}T

S Simulation Preliminary
== Minimum Bias MC

il b

1

| N NS NS NS N R

Tracking efficiency dominant uncertainty: 1.1% central, 6.5% forward

10

p, [GeV]

Primary particles have T> 300 ps (9 cm)
Secondaries are produced aftert> 30 ps (9 mm)

Strange baryons with 30 < T < 300 ps are excluded

Number of tracks

Data/MC

1T ‘ 1T ‘ 1T ‘ 1T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ 1T
10°s ATLAS Preliminary — Minimum Bias MC 5
gl Vs=13Tev + Data 3
10°E gt =1, p_>500 MeV, Inl <2.5
0%
F e Primary 3
6L ]
10 E a4 Secondary
1055
10%F
10°k
of . o ]
10 E:l-l 1 l 111 l 111 l 111 l 111 l 111 l 111 l 111 l 111 l 1 Il-lli
1.5k\ T ‘ 1T ‘ 1T ‘ 1T ‘ T \’\ ‘ T ‘ T ‘ T ‘ T ‘ T \A
r .« o ]
F 0000000000000
ptenertoneeneene il TUITItses0eess LN
(OS] S I T IR T I T B W e

-10-8 6 4 -2 0 2 4 6 8 10

Secondaries afterfit:
2.6 +0.6% of tracks in SR

d5*- [mm]
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MC / Data

Properties of inelastic pp collisions at 13 TeV

Key input to pileup and underlying event modelling, uses low-u data LA N0 505

Resulting spectra from 9M data events & comparison to hadronic physics models

dNgp/dn d?Ngp/dndpr AV <p7>/Ngh

1.4

AY

= ‘ — ‘ ‘ e — ‘ .
- 10% nch21,pT>500MeV,Ir]I<2.5 nchz1,pT>500MeV,I7]I<2.5 E 18 nchz1,pT>500MeV,InI<2.5 E
] 10= ATLAS Preliminary Vs = 13 TeV - ATLAS Preliminary Vs =13 TeV = "L ATLAS Preliminary (s = 13 TeV ]

N
. 2.2
o L

T T [T T[T T[T ]TTT

/(2rp.) N, / dndp_[ GeV*]

== QGSJET I1I-04 ] 10"

2 E = -
E E 3 +%—
10 3? F J 1.2 et TR
- 10E 3 I I e
i 10°E g ] ]
2= «) 410°F  ==Data E == Data = 0. -
- == Data 1107 —PYTHIA8A2 F — PYTHIA8 A2 ] C == Data ]
150 — PYTHIA 8 A2 4 F 98 —PYTHIA8 Monash L —: PYTHIA 8 Monash 4 os — PYTHIA 8 A2 E
~F — - PYTHIA 8 Monash 13 " o HERWIG++ UE-EE5 E o HERWIG++ UE-EE5 E «F — - PYTHIA 8 Monash E
F HERWIG++ UE-EES {1 107 ... EPOS LHC oF - EPOS LHC 1 04 ' HERWIG++ UE-EE5 ]
= e EPOS LHC - 107 - QGSJET II-04 107 -+ QGSJET I1-04 E P S EPOS LHC E
- c F 3 T == QGSJET 1I-04 b

S 18 g
‘- o o 127
18 P - N-IN
i 1o | 1o 1o
0.8;.”. “““ g \w\i = 0.5} : = 1=
25-2-15-1-050 05 1 15 2 2. ] 10 20 40 60 80 100 120 140 20 40 60 80 100 120 140
n p. [GeV] Nen Ny,

Difficult to provide one universal tune that describe MB and UE data equally well (- later slide)

Overall, the EPOS and PYTHIA 8 tunes describe the data most accurately
EPOS best in n, pr, and <p7>, while PYTHIA 8 (A2 - ATLAS MB default) best in N,
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CMS measurement without magnetic field
First LHC 13 TeV paper !

[ CMS PLB 751, 143 (2015)]

Charged patrticle yield measurement for Inl <2

Straight track (pixel, 55k events) and tracklet (pixel hit pairs, 170k) methods, good agreement
* prcoveage downto ~50 MeV, track efficiency between 80-85%

« Secondary particle corrections, and track / tracklet acceptance & reconstruction efficiencies from MC
« Systematic uncertainties of 3-4% for both methods, dominated by vertex efficiency and MC dependence

CMS CMS
L e B B LS S BN 8 T [ ]
[ pp Vs = 13 TeV inelastic ] F pp Vs = 13 TeV inelastic ]
] 7k 3
6 oot g ...... .._..... .......... .
E B P LIk
5F ]
= = ;
° o [ ]
5 54 F dney/dn |n <05 7]
zZ zZ ]
O O 3 b =5.49 + 0.01 (stat) + 0.17 (syst)
-e- tracklets ] > b E
[ -= tracks ] X - data
45 - - - PYTHIA8 CUETP8M1 - . - PYTHIAB CUETP8S1 ]
- EPOS LHC ; L EPOS LHC E
4 -I L L L I L L L L I L L L L I L L L L I L L L L I L L L I- O :I L L L I L L L L I L L L L I L L L L I L L L L I L L L I-
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
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Also preliminary ALICE result
First 13 TeV result by ALICE

[ CMS PLB 751, 143 (2015), ALICE-PUBLIC-2015-005 ]

Charged patrticle yield measurement for Inl <2

Distinguish samplesin inelastic (INEL) and inelastic + >1 track within|n| < 1 (INEL > 0O)
« Measure: dng,/dn <05 = 5.36 + 0.13 in agreement with CMS

P
.g | [®] ALICE (INEL>0) ------ PYTHIA8 (Monash-2013)
¢ gl [®JALICE (INEL) — PYTHIAG (Perugia-2011)
= | i CMS(INEL)
©
~—" L
77
67
5 ALICE Preliminary
- pp, Vs =13 TeV
7\ | | | | | | ‘ | | | | ‘ | | | | ‘ | | | | | | |
-2 -1 0 1 2

n
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Charged particle production versus CM energy

[CMS PLB 751, 143 (2015), ATLAS-CONF-2015-028 |

Average charged-particle multiplicity per unit of rapidity for n = 0 vs Vs

CMS
81— LN
e CMS pp melastlc;
/ F -e- ALICE B
x PHOBOS ]
6 F v UA5 -
" - + ISR ]
S g [ =--- PYTHIA8 CUETP8ST 3
YEE e EPOS LHC ]
IS
= 4
° -
= 3 F
© C
2 F et
1 - i
[ —— parabolic fit in In(s)
0 bl »
10’ 102 10° 10°

Vs [GeV]

Fair agreement with model extrapolations

4 T T T T —

B AData P; > 500 MeV, ny, =1 A

T PYTHIAS A2 . A
3.5 —-PyTHIA8 Monash ~ ATLAS Preliminary

[ HERWIG++ UE-EE5 /]
I EPOS LHC T

[ QGSJET11-04 S5

3¢ \\7

2.5 |

2 |

1.5 |

1 ‘\4‘mu?“m‘“m“mim | 1| ‘ p—

10° 104

Forcomparison, the strange baryon contribution is
includedat 13 TeVin ATLAS (1.5% correctionfactor)

38



Inclusive Inelastic cross-section measurement at 13 TeV

Fundamental initial measurement, based on forward scintillators

[ ATLAS-CONF-2015-038 ]

Measurement in fiducial region % = /WX2 /s>10-°6 (My largestmass of two proton-dissociation systems)

« Use Minimum Bias Trigger Scintillators (MBTS) with acceptance 2.07 < |n| < 3.86, 4.2M selected events

» Use inclusive and single sided MBTS selections to constrain fraction of diffractive events in sample

+ Systematic uncertainty fully dominated by luminosity

Fiducial cross-section compared to model predictions

T | T T T T ‘
ATLAS Preliminary

Data :

{s=13TeV, 63 ub™

T T T ‘ T g
©
=]

o)

Pythia8 DL ¢=0.06
Pythia8 DL ¢=0.085
Pythia8 DL ¢=0.10
Pythia8 A2

EPOS LHC

QGSJET-II
| I | | ‘

55 60

G, (E>10°) [mb]

110
100
90
80
70
60
50
40
30

Extrapolated inelastic cross-section versus CM energy

® ATLAS (MBTS, extrap.) —— pythia 8 =
A ATLAS ALFA

vy TOTEM = ~=- Block & Halzen 2011 3
A ALICE (extrap.) - - - EPOS LHC =
¢ LHCD (extrap.) - - - QGSJETI

O  Auger (Glauber extrap.)

e pp (non-LHC) Achilli et al.

° pp

" Preliminary

____
=

‘III|IIII|IIIlllleHIMHIMHWHH'

ATLAS MBTS data extrapolated using Pythia implementation of Donnachie-Landshoff model with € = 0.085 for do/dg

TIII|IIII|IIII|IIII|IIII|IIII|IIII|I

10? 10° 10*

(s [GeV]

Cross-section somewhat lower than predictions. Inclusive: 051y = 73.1 £0.9 £ 6.6 (lumi) £ 3.8 (extr) mb
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Long-range two-charged-particle angular correlations

In high-multiplicity pp collisions using low-u data

Near-side (A@ ~ 0) “ridge” shape along An seen in pp, pPb and PbPb collisions

First observed in pp by CMS: effect increases with particle multiplicity and moderate pr

CMS, pp at7 TeV: ATLAS, pPb at 5.02 TeV: ATLAS, PbPb at 2.76 TeV:
Ng, > 110,1.0 < pr< 3.0 GeV Ng, > 220,1.0 < pr< 3.0 GeV Centrality 0-5%

R(An,A¢)

[CMS 1009.4122] [ ALICE 1212.2001, [ ALICE 1105.3865,
ATLAS 1212.5198, ATLAS 1504.01289
CMS 1409.3392, CMS 1409.3392]

LHCb-CONF-2015-004 (1) ]

[ Enhancementfound to be also presentat Ag ~ m,
when subtracting hard scattering contributions |

40



Two-charged-particle angular correlations at 13 TeV

In high-multiplicity pp collisions using low-u data ATLAS 150904776, VIS 1510.03068 |

How does the pp ridge evolve with CM energy ?

« ATLAS: trigger on MBTS (97M events) & high charged multiplicity (9.5M)

+ Exploit work on tracking corrections from minimum bias analysis
S(A¢, An)

» Extract two-particle correlation function (background frommixed events) — C(An, Ag) =
B(A¢, An)

* Determine “ridge yield”

ATLAS 0.5<p>°<5.0 GeV
Z e N 2 [ amas :
= s=13 TeV TN\ 0s=N <30 3 [ ;\l\ﬁ TLAﬁ_ y ]
= e & - Vs=13 Te .
B \\\\\ 1.05— .
g , \\\\\ \\\\\\\\ - 0<N :;?10 <20 ]
- % 1 A0 \ \\\\{\\\\\\\\\\\ - O.5<pa’b<5.0 GeV ]
) =1.0 \\\ \ \ Int te: 1 !
o g \ \ w ntegrate: | 2.0<lAnI<5.0 :
© OO 9 \\\ \\’ll'. 2<|An|<5 .
S \\\\\ "M‘ i *
‘ B ,
3 4 -4 0.95— —
o ' - 3
- = ' -

A
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Two-charged-particle angular correlations at 13 TeV

In high-multiplicity pp collisions using low-u data ATLAS 150904776, VIS 1510.03068 |

How does the pp ridge evolve with CM energy ?

« ATLAS: trigger on MBTS (97M events) & high charged multiplicity (9.5M)

+ Exploit work on tracking corrections from minimum bias analysis
S(A¢, An)

» Extract two-particle correlation function (background frommixed events) — C(An, Ag) =
B(A¢, An)

* Determine “ridge yield”

.. ATLAS 0.5<p>°<5.0 GeV
2 (s=13Tev S | ATLAS |
L O [ V(s=13TeV
o 1.02F —
+ B
g - N2°=90
= 1.01—
=  £1.02] I o.5<pj’b<5.o GeV
] - ) L
0 g Integrate: [ 2.0<lAni<5.0
o O 2<|An|<5 -
< 0.98 -
-ED -4 0.99 XA bzero—\/\e\d—atfmm offset ]
T T
A¢
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Two-charged-particle angular correlations at 13 TeV

In high-multiplicity pp collisions using low-u data ATLAS 150904776, VIS 1510.03068 |

How does the pp ridge evolve with CM energy ?

« ATLAS: trigger on MBTS (97M events) & high charged multiplicity (9.5M)

+ Exploit work on tracking corrections from minimum bias analysis
S(A¢, An)

» Extract two-particle correlation function (background frommixed events) — C(An, A¢p) = ———
B(A¢, An)

* Determine “ridge yield”

.. ATLAS 0.5<p>°<5.0 GeV
2 is=13Tev S [ ATLAS L
= O [ Vs=13TeV ]
2 1.02— —
+ B ]
g - N°=90 i
= 1.01- .
= £1.02 I o.5<pj’b<5.o GeV -
o o _ - )
0 g Integrate: [ 2.0<lAni<5.0 E
s O 2<|An|<5 - ]
< 098 - §
) 4 0.0, 0,«"/“‘\0 “ZYAM’ offsetmethod ]
I | | ! ! |

/02 4A¢

4 Integrated “ridge yield”: Yint (illustration only, integralis over appropriately
normalised “per-trigger yields”: Y(Ad)



Two-charged-particle angular correlations at 13 TeV

In high-multiplicity pp collisions using low-u data [ CMS 1510.03068 |

Resulting yield dependence (CMS)

« Left: versus prand N,, and compared between CM energies for 2 <|An| < 4
« Right: versus N, and compared betweenprocessesfor2 <|An| <4and 1 < p;<2GeV
* No visible CM energy dependence of yield for pp colisions (also found by ATLAS)

0.04

CMS . (a) (b) - CMS
. ® pp\s=13Tev, N2 105 L ... Glasma+BFKL, 13 TeV & - A PbPb |s = 2.76 TeV A
§ | O pp V; =7TeV, sz:ine > 110 | Glasma+BFKL, 7 TeV .: S 02— 0O pr Vg =5.02 TeV
> offline :. S B I%
3 | **** Glasma+BFKL, N " ~100, 13 TeV i 1.0<p <2.0GeV/c 2  eppl|s=13TeVv A o O
:’ - offline~ 20 A 4.0 N = O
Glasma+BFKL, N ~100, 7 TeV O<liAni<4. 3 ~ - oppls=7TeV
o trk o Ee) m}
© 0.02F - + © - |
;\ 0.0‘ é ;\ o
8 i | .:; Y 8 01 O
kS E, ,s‘.@‘ 5 A o 2.0<IAnl<4.0
3 i @ %o ot 8 i O
& o {‘ 17 | A 10<p <2.0GeV/c
< 3, ¢ L ’0‘ < B g (m} T
.... st B o ®
- e % L4
oi@____._@"_--_._n__@ﬂ‘ﬂ'_______ oruwﬂﬁ‘°o ————————————
L L L | L L L | L L L Ll PR T T T T N ST N N N N R L L L L | L . . . | . . A A 1 A
0 2 4 50 100 150 0 100 200 300
in ffli
p; (GeVrc) N N>
trk trk
The curves are predictions from gluon saturation (colour glass No apparent dependence on CM energy,
condensate) model: Dusling-Venugopalan,1302.7018. but on size of colliding system
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Two-charged-particle angular correlations at 13 TeV

In high-multiplicity pp collisions using low-u data

[ ATLAS 1509.04776 ]

= AL L BB B B B
ATLAS replaced ZYAM method by template fit & 7ap 4T4s 05<7]'<5.0 Ge =
. C .U<IAmI<o. ]
and measured ridge at 13 TeV and 2.76 TeV 7 o5F- N %5120 E
- * Y(A9) .
* Ridge modulation in Y(A¢) yield fitted by: 72F © G+FYag) -
E - YtempI(qu)l E
Ytempl(A¢) =F Yperiph(A¢) + Yridge(A¢) , 7'15; Gri:eFYpe”peinh) 00 Near andfar Oé
7_1?0——--v “+FY™™(0) = side ridge .
Y19 (Ag) = G (1 + 2095 cos (2A¢)) o To o e -
7.05[— 01"0-0-0 0000 s o -
« Factorisation: v, , (ps2,p07°) = V> (p77) V2 (P7°) 7L g =
C | | | P | | ]
-1 0 1 2 3 4
* Ridge results from per- Ad
event cos(2A¢) ——————————— —
modulation of single- 0.1~ (s=2.76 TeV T (s=13TeV
particle distribution with I 1 ]
Fourier coefficient v, i 1 ]
. . Blo o8 loeogtaofgg g
>V, ~independent of 0.05 % ? 3 é__ ]
multiplicity and CM - - 00.5<p’<5.0 GeV
energy, prdependence T 2.0<lAnI<5.0 D0_5<p$<1_0 GeV
similar to pPb and PbPb 1 0.5<p’<5.0 GeV 2.0<p’<3.0 GeV
20 a0 80 80 20 40 60 80 100 120
NGy NG



Moving to higher luminosity and pr

Physics with photons and jets at 13 TeV

‘MS CMS Experiment at the LGS CERN
4 Data recorded: 2015,4{ilF12°06:52:514677888 GMT
Lams | Run/Event/LS: 261862/ 310157776 / 347

Early 13 TeV event recorded by
CMS showing two high-energy

particle jets with invariant mass
of5TeV




Photon production at 13 TeV

Test perturbative QCD in cleaner environment than jets g g q Y

[ ATL-PHYS-PUB-2015-016 ]

Measurement of isolated photon yield

Subtract mis-identification background from data using isolation distribution

Photon production vs. E7,and |n,| (detector level, MC normalised to data)

: - — 7
ATLAS Preliminary ® Data ATLAS Preliminary —

% I | §|1500-—
S 100°g s=13Tev,64pb’ 3§ 5 | —SHERPA(norm)  ys=13TeV,6.4 pb"
i) E e Data = L E}>125GeV .
§ - —— SHERPA (norm.) ] L%’ . 1
i - 'l < 1.37 & 1.56 < 'l < 2.37 ‘I'I_TTL'_{—Lr + i
L _ 10001~ =
10 . : I w
: ’ ] I | Systematics dominated
1 ¢ - 500-— Barrel-endcap L —- by phOtOﬂ energy
- +— r transition rle@gog - 1 scale, resolution and
B 7] B excluae 7] .
: ] I 1 efficiency
o 1071 : ‘ : 0""
s 4P systematic uncertainty 1 9 1af systematic uncertainty I E
g 12 3 8 2 3 Good agreement of
S NER L L.y 909ad
[} L S e L LLLEE Ly CEEEEEEEEEEED CEEEEEEEEE] B - o ]S SRl St Rt (R Siae Sk bbbl EEELL chb ] .
osE L ! i E N TTTTTTT t 31 shape with SHERPA 2.1
06F = 0.6F , , , , 4  (LO + <3 partons)
200 300 0 05 1 15 2
E; [GeV] 'l

Systematic uncertainties dominated by: photon energy scale, photon ID, background subtraction
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Jet production at 13 TeV

Early central-jet cross-section measurement at 13 TeV
[ ATLAS-CONF-2015-034 ]

Measurement performed within fiducial region 350 < pr <840 GeV and |yje| < 0.5:

« Single jettrigger, fully efficient above 300 GeV jet p;
* Reconstruct anti-k; R= 0.4 jets, calibrated using MC and Run-1 data, validated in Run-2 data

« Unfold to particle level
« Dominant systematic uncertainty: jet energy scale and resolution

Compare with NLO theory (incl. PS+UE corrections) Of measured diff. cross sections vs. pr

g 1 02 C T T T T T ] —_ T T T T T i i
% - antik jets, R=0.4;lyl<0.5 ATLAS Preliminary 7 o - 1 ATLAS Preliminary
O] - 13TeV, 78 pb’ 7 : 1.4 N -
S i ) -1
& 1 O I 1 78pb
— o . ~
1.2+ —
3 . S 2 1 13 Tev
%l_ 10 E_ b _E @) S 2 / 4 anti-k jets, R=0.4
5 C ° 1 g 1 lyl <0.5
X i . ] o B ]
© - 1 B i DATA (syst., total)
: . | o .4 3+
° — 0.8 L 1 NLOJET++
1 e Data . E pZa B ] x Non-pen.n?aoxrr.
E Systematic ® 1 -|—a 0.6  oue=wu =p]
L uncertainties ~ _ — - - - CcT10
B NLOJET++ (CT10) x . 7 B ]
L Non-pett. corr. o ; 04— Relative uncertainty of 9% in the — t— MMHT
Relative uncertainty of 9% in the integrated luminosity not included _9 - integra[‘ed Iuminosity not included - + NNPDF3
1 0—1 1 > 1 > 1 > 1 5 1 5 -E 1 > 1 > 1 > 1 > 1 >
A0 50 60t 7107 a0’ o 4x10 5x10°  6x10° 7x10° 8x10
p, [GeV] p, [GeV]
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[ ATLAS-CONF-2015-034, CMS-PAS-EXO-15-001 ]

New physics searches with dijets

Early 13 TeV data already sensitive to very high-mass & cross section physics (eg, QBH)

Analysis strategy (dijet resonance):

» Look for deviation in dijet invariant mass spectrum from smooth function

» Alternative functions / more parameters used following predefined rule (independent of data outcome)

QBH limits improved by ~1 TeV over Run-1

42 pb'(13 TeV) .

RN L LN UL L UL LN L 5910 El \\\\\\\NH\\\\\\\{\\HH\\\{\H\\\H\{HHHHWHHH\W\@
= CMS ] S . =
o 1 pePreliminary = z B ATLASPreliminary -
© k —%— data : b Vs=13 Tev. 80 pb” a
2107 i _ = —e— Data E
&10 E background fit to data E = Background fit 3

= £ & e QCD mMC 3 B BumpHunter interval 7
=N . N q* (4.5 TeV) 7 \ o BlackMax, m = 4.0 TeV
Z10°F = 10° o BIackMax m=5.0 TeV
3 f : - ’ . -

10°E t - - ]
E <25 |An| <13 3 10 =
- M 11 Tev . - -
E  Wide Jets | p-value =0.79 ]

- Fit Range: 1.1 - 5.3 TeV
- TE y1<06 i
N T TR
= = %; I =
i S of =
& » JE" =
© 5E =
O _3:_ | | - 1 L1 | \\\\\\1\\\\H\\\1\\\\\\H\lHH\HHl\HHHHl\F

= 7500 2000 2500 3000 3500 4000 4500 5000 5500
Dijet Mass [GeV] 2 3 4 > 6 7

m, [TeV]
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New physics searches with dijets

Early 13 TeV data already sensitive to very high-mass & cross section physics (eg, QBH)

Analysis strategy (dijet resonance):

[ ATLAS-CONF-2015-034, CMS 1512.01224]

» Look for deviation in dijet invariant mass spectrum from smooth function

» Alternative functions / more parameters used following predefined rule (independent of data outcome)

>
() 3 —e—— Data
— 10 )
- g — Fit 3
o FN e QcD MC ]
Q. 2L B e Color-octet scalar (3.1 TeV)
— 10
:E e Excited quark (5.0 TeV) E:
E:‘ e T Scalar diquark (6.0 TeV) .
- 10
° E - m(q*)>5.0TeV J
O - —
°E E
107 E
102
E Wide jets
1072 E hi <25, lAn 1 <13 .
L | L |

2.4 (13 TeV)

Dijet mass [TeV]

10

QBH limits improved by ~1 TeV over Run-1

p-value =0.79
| FitRange: 1.1 -5.3 TeV
ly*l <0.6

ET T TTTTTI { [ \\\\\\\‘\\\\H\\\N\H\\\HW\HHHWHHHHV\@

ATLAS Preliminary
s=13 TeV, 80 pb”

—e— Data

— Background fit
BumpHunter interval
--o-- BlackMax, m =4.0 TeV

g \T\H‘

| | 1\\\\\\\\\1\\\\H\\\1\\\\\\H\lH\\\H\\l\\\\\\\\\l\\\\

2

3 4 5 6 7
m, [TeV]
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[ ATLAS-CONF-2015-034 ]

New physics searches with dijets

Early 13 TeV data already sensitive to very high-mass & cross section physics (eg, QBH)

Analysis strategy (dijet angular): /s =13 TeV, 80 pb’ ATLAS Preliminary
e Data — SM
« Searchfor non-resonanthigh-mass - QBH, M =6.5TeV  [] Theoretical uncert.
anomalies using angular distribution <171y 1 <14 [ Total uncertainties
7,0y ) <1.
+ Defineforjets 1 & 2: g 0.06'5'—' m; > 3.4 TeV —%
—oxoly: - il S 004 =
X =eXplyi—Yo % 0.02F ‘ ¢ =
whichis ~independentof m;, for = ——t———t— ' =
tchannel LO QCD at parton level 0.1E- 3 1 <m;<3. 4 TeV_:
Restrict analysisto |yy + yo| < 2.2, 0_05%_ ¢ =
= & —¢—o@®
andto my, >2.5TeV - ‘H — - =
- - 28<m <3.1TeV]
+ Prediction from NLOJET++ and 0.1:—+ =
including electroweak effects - =
g 0050—__ % | — e o
= hd . . . — 1 . =
. Systematiq u.ncertain.ty dominated by - 55 < m <2.8Te &
QCD prediction and jet energy scale 0.1 =
0.05== 44 -
1 2 3 4 567810 20 30
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8.8 TeV mass dijet event collected by ATLAS in September 2015

ATLAS %

EXPERIMENT

Run: 279685
Event: 690925592
2015-09-18 02:47:06 CEST



[ ATLAS-CONF-2015-043 ]

New physics searches with multiple jets

Similar analysis to dijets, but looking for deviation in inclusive jet production

Analysis strategy:

Search for deviation in Hr = 2, p7 in events with at > 3-8 jets with pr > 50 GeV

High-Htrigger ~fully efficient above 1 TeV

Data driven background fit as in dijet
case, but more tricky as fit over full
spectrum could “eat” signal

Define control (CR), validation (VR),
signal regions (SR) depending on low,
medium, high H;

On lower luminosity bootstrap sample fit
data in CR, use VR to validate functional
form

Use function to fit full spectrum and
derive background prediction in SR

Vary functions to assess extrapolation
uncertainty

Events /0.1 TeV

Data/MC

10°

10?

' ' ATLAS Preliminary —e— Data2015™ "~ " S

1 Multijets v

= CR :]MD=2.5TeV,Mth=6Te§
C 4 3
L : \@=13TeV,det=6.5pb?:
F Mg =3 =
E 3
E 3
E 3
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[ ATLAS-CONF-2015-043 ]

New physics searches with multiple jets

Similar analysis to dijets, but looking for deviation in inclusive jet production

Sensitivity to TeV-scale gravity models beyond that of Run-1

CHARYBDIS2 Rotating black holes, n = 6

Events /0.1 TeV

:I T T I T T T T I T l T T T I T T T T I T T T T I T T T T i — 10 T T T T I T T T T I T T T T I T T T T I T T T T I T T T T 4
— .l . H — > . . -
- ATLAS Prellmlnary @ Dataz0ts - ) ATLAS Preliminary ~ 95% CL exclusion .
10* "] CHARYBDIS2 M, =7 TeV, M_=4TeV — l.:, 95 \{g =13 TeV ---.Expected (n_ = 3) =
E : CHARYBDISzM =7.5TeV, M =4 TeV 3 < — Observed (det > 3) =
Ldt= 74 pb 0= = S 1 1 jet =
— p(1x)/x= — Ldt=74 pb =10 ]
103F Y S_ 13 TeV f,(x) = p(1x)x1x — +20 -
= i.& f - 1,00 =p (10 " 3 8Bk ATLAS Vs =8 TeV —]
- ! S ;’““;’(ﬂj’ ] ---Step 1 (6.5 pb™ Vs = 13 TeV]
102 - 't.(‘ —'--f(x) (1) " — —]
E %‘& - ;( Relecled in validation region E ]
10 "% Mgt = 3 e D =R
1|§— S o - 65 T
107 : : \\\\\ ........... e I S
L L1 |f||| ||§|||\|§Iﬁ\&ll~r~$ 5.5 oo b o by b by
5 2 - — eSS = 2 2.5 3 3.5 4 45 5
215 : =
$1s = M, [TeV]
| 3
3‘3_0‘5) = Limitincreasedover Run-1by more than
1 3 2 TeVin thresholdmass for Mp < 4 TeV
15 =
2 =
5 6 7
H, [TeV]
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[ ATLAS-CONF-2015-046 ]

New physics searches with lepton & jets

Similar analysis to dijets, but looking for deviation in inclusive jet production

Analysis strategy:

+ Search for non-resonance deviationin 2,,;es 7 in events with at least 3 high-p;objects (> 1 lepton)

- Single lepton trigger, 2 signal regions with 2 ,iets > 60 gev P7 > 2 (3) TeV

« Dominant backgrounds (W/Z+jets, ttbar) from MC normalised to data in control regions, others from MC

* Propagation
of exp. and
theoretical
uncertainties

« Validation
region for
1.5<2pr<
2 TeV

BH sensitivity
improves over
Run-1, but not
over multijet
search

Events / 200GeV

Data/MC

Electron channel

105 .. —e— Data
ATLAS Prellmmary 44442 Total Standard Model
10* y [ wets
f Ldt=80pb", Vs=13TeV [ z+jets
O
10° ] Muttijet
[] single top
102 [ Diboson
—— M,=7 TeV, M=2 TeV
10 —— M,=6TeV, M_=4 TeV
1
107
3 -
2r 7 ZI
- i 7/ 7
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Events / 200GeV

Data/MC

Muon channel

L L A B L B B LR
105% . —e— Data %_
- ATLAS Preliminary 3
104? 4544 Total Standard Model 4
E _ -1 _ - Wijets E
I f Lat=80pb", Vs=13TeV — :
107 o -
- |:| Single top =
10? E I Diboson =
= —— M,=7TeV,M=2TeV
10 E —— M,=6TeV, M =4 TeV =
e

10"
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Events / GeV

Physics with leptons at 13 TeV

10°
107
10°
10°
10*
10°
10°
10
1

20 pb' (13 TeV)

IIII|'|T|'| IIII|'|T|'| II[I|T|'|'| TTTITm

IIII|'|'|'|'| IIII|'|T|'| IIII|'|T|'| TTT

Trigger paths
CMS _—
Preliminary Ly
Jp .
¢ B.

. Y
Y

llllIII 1 1 IIIIIIl 1 1

I low mass double muon + track
double muon inclusive

y4

2

10, .. : 10
utu invariant mass [GeV]

Dimuon mass distribution collected
with various dimuon triggers

[ CMS DP-2015/015 ]



J/W production at 13 TeV

Good environment in early data with low trigger thresholds
[ LHCb 1509.00771]

J/W are produced promptly and via weak decays of b-hadrons

LHCb used initial 3 pb~1for first prompt & non-prompt J/W cross-section measurement in forward rapidity
Systematic uncertainty mostly dominated by luminosity (3.9%)

X

—_

S
T

N ~ 5] =

o - o C

; 12— LHCb N oSk ¢ P LHCb

o [ Vs =13TeV,L,, =3.05pb’! o E Total fit Vs =13TeV,L,, =3.05pb’!
= ob 3<y<35 B b o et | 3<y<35

B - 3] Prompt %

12 - 2<p,<3GeVic &JO - 3 Wrong PV 5 2<p, <3GeVic

& 8 — % 103 —g [”777] Background §

8 - o E o

- - o] - ; i
S 6 8 102k #
< o ; f;

g 4 L L 51178 Q o g3 § g?i ¢ 5
U Errent Sttt ee: 10 E’. 5 g% N
2 &

e R W VW VW s G Ve

[ A ARARRCR BO L. AL N L
2950 3000 3050 3100 3150 3200
m,., [MeV/c?]

Analysis performed almost promptly thanks to the “Turbo stream” trigger line
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J/W production at 13 TeV

Good environment in early data with low trigger thresholds
[ LHCb 1509.00771]

J/W are produced promptly and via weak decays of b-hadrons

LHCb used initial 3 pb~1for first prompt & non-prompt J/W cross-section measurement in forward rapidity
Differential absolute cross-sections and ratios to 8 TeV obtained, show total fiducial cross-sections here

S\ 20 _I T T | T T T T | T ] 3 4 _I T T | T T T T | T ]
= | Fiducial region: pr<14 GeVand2.0< y<4.5 i =. | Fiducial region: pr<14 GeVand2.0< y<4.5 i
) i i o) i :
15  —¢— LHCb Prompt J/ y + — 3 —— LHCb J/ y-from-b .
i I e FONLL ’
i i | [ FONLL, = 1o -
101 { : ~ 2r T ~
i Z N @0 i Z
S5p ¢ . - L s
i At 13TeV: 15.30 + 0.03 + 0.86 b ] - &= At 13TeV: 2.34+ 001+ 0.13pub ]
R (assuming zero J/ W polarisation) J R (assuming zero J/ W polarisation)

0 1 | 1 1 1 1 | 1 1 1 0 1 1 1 | 1 1 1 1 | 1 1 1

5 10 5 10

/s [TeV] 's [TeV]

Cross-sections rise mostly due to CM energy; harder prspectrumat 13 TeV than at 8 TeV

Total o(pp 2> bb+X ) =515+ 2 + 53 pb (using BR(b > J/p X ) = 1.16 + 0.10%). :
)



J/W production at 13 TeV

Good environment in early data with low trigger thresholds

[ ATLAS-CONF-2015-030]

ATLAS measured the J/W non-promdpt fraction at 13 TeV in early 6.4 pb~! dataset

Cuts: pr, >4 GeV,|n)| <23, pry,, >8GeV, |y, | <2, 2D fit to m,, and proper decay time 7= L,, My / pr,,

Fltted non- promptfraotlon for 3 J/UJ rap|d|ty blns

< 1.0 ]
% 0.9 ATLAS PreI|m|r11ary =
®© = Vs=13TeV, 6.4 pb 3
ng_ 0'85_ Error bars are =
0.7F statisticaland ’ —

g E  systematic =
S 0.6F —4— =
& - E
§ 0.55— ﬁ:*::: _E
0.4 ﬁf‘: =

0.3 ;_ 45 —4—lyl<0.75 _;
0.2;— —4— 0.75 <1yl <1.50 _;
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0.00—— | : —
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Non-prompt contribution to total rate rises rise from approximately 25% at pr,,, of 8 GeV to 65% at 40 GeV
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Prompt charm production at 13 TeV
Second LHCb paperon 13 TeV

[ LHCb 1510.01707]

Measurements of prompt DO, D+, D¢+, D*+ forward cross-sections with 5 pb—1

Measure differentially in bins of meson p;rand rapidity, and integrated fiducial cross-sections
Total charm (cc) cross-sections by correcting for cc — D fragmentation fractions measured at B-factories

L L L
0<pr<8GeV/c,2<y<45 LHCb 1<pr<8GeV/ec,2<y<45 LHCb
+ _ —
LHCb D — 44— /s5=13TeV LHCb D° Vs =13TeV
LHCb D° ——i
LHCb D ——
LHCb average —e—i
LHCb Df *
FONLL arXiv:1507.06197
| = |
Kt
POWHEG+NNPDF3.0L (scaled) arXiv:1506.08025 LHCb D '
——
POWHEG+NNPDF3.0L (absolute) arXiv:1506.08025 LHCb average —o—
t L |

0 1000 2000 3000 4000 0 1000 2000 3000 4000
o(pp — ccX) [ub] o(pp — ccX) [ub]

Averaged integrated cross-section: o(pp — cc+X) = 2940 + 3 (stat) £ 180 (syst) = 160 (frag) ub
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W and Z boson production at 13 TeV

A A A I\ i | proton-proton collisions at
13 TeV centre-of-mass energy

ATLAS

EXPERIMENT

Run: 267639
Event: 82839370
2015-06-14 11:20:48

Displays of one Z(— pp) + jets candidate event

61



/Z and W production at 13 TeV (ATLAS)

Expectincrease of cross section by factors of 1.7 and 1.6, respectively
[ ATLAS-CONF-2015-039 ]

Leptonic decays are important standard candles to verify and calibrate e/u performance

Following plots are normalised to NNLO QCD and to luminosity. Error bands in plots do not include 9%
luminosity uncertainty (leading uncertainty, other systematics dominated by lepton ID)

Electron efficiency scale factors (both trigger and offline) from data tag & probe, 8 TeV and MC extrapolation
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/Z and W production at 13 TeV (ATLAS)

Expectincrease of cross section by factors of 1.7 and 1.6, respectively
[ ATLAS-CONF-2015-039 ]

Leptonic decays are important standard candles to verify and calibrate e/u performance

Following plots are normalised to NNLO QCD and to luminosity. Error bands in plots do not include 9%
luminosity uncertainty (leading uncertainty, other systematics dominated by lepton ID)

Muon efficiency scale factors (both trigger and offline) from data tag & probe
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/Z and W production at 13 TeV (CMS — new!)

Expectincrease of cross section by factors of 1.7 and 1.6, respectively
[ CMS-PAS-SMP-15-004 ]

W and Z inclusive cross section measurements

For Z: count events in m(Z) region. Measurement benefits from a reduced luminosity uncertainty of 4.8%!
Leading systematic uncertainty from lepton identification (~2%)

43 pb™' (13 TeV) 43pb! (13 TeV)
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/Z and W production at 13 TeV (CMS — new!)

Expectincrease of cross section by factors of 1.7 and 1.6, respectively

W and Z inclusive cross section measurements

[ CMS-PAS-SMP-15-004 ]

For W: fit of E7ss SPECtrum. Measurement benefits from a reduced luminosity uncertainty of 4.8 %!
Leading systematic uncertainty from lepton identification (~2%)
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[ ATLAS-CONF-2015-039, CMS-PAS-SMP-15-004 ]

/ and W production at 13 TeV

Expectincrease of cross section by factors of 1.7 and 1.6, respectively

5' | ® ATLAS Z/y*— 1l s==sssss Z/v* (pP)
L, O cmMs zy -1l Z* (op)
Resulting inclusive cross sections = 1 orzren
- - v*— ee s
0 - e vAt Zyrsee P
. . . *>- B O WAl Zytow P
Comparison of measured cross-sections with N
NNLO QCD & NLO EW predictions (FEWZ 3.1) E - T
S | ATLAS Preliminary
Good agreement found within uncertainties, = - Data 2015 (Vs = 13 TeV)
also with lepton universality o} B
Measured also fiducial cross sections i MSTW2008 NNLO
1072 |
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[ ATLAS-CONF-2015-039, CMS-PAS-SMP-15-004 ]

Cross-section ratios quite precise (< 3%)

Powerful tools to constrain PDFs: W+ / W~ sensitive to low-xu & d valence, W / Z constrains s

Note: fiducial cross-section ratios

ATLAS Preliminary
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ATLAS also looked into production of Z associated with jets
Benchmark process to understanding QCD and EW physics at 13 TeV

[ ATLAS-CONF-2015-041]

Measurement in its own right and validation of important background to new physics searches

Good description by SHERPA 2.1.1 (ME+PS@NLO prescription, up to 2 partons at NLO, up to 4 partons at LO ME)
and Madgraph (LO)

o F L ~ - :
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—~ = o E Z - L= 1] +Jets --Data ]
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Events

High-mass dilepton production

Insufficient luminosity yet to challenge Run-1 sensitivity to new physics

Drell-Yan production at high g2

[ ATLASEXOT-2015-001,
EXOT-2015-004 ]

Dominant irreducible backgrounds taken from MC simulation, DY normalised to Z peak

pp — Pp + X
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Display of u*u- event with 881 GeV invariant mass

ATLAS Run: 271048
Event: 344127619

EXPERIMENT 2015-07-09 03:56:38 CEST




CMS CMS Experiment at the LHC, CERN
Data recorded: 2015-Aug-22 02:13:48.861952 GMT
Run / Event / LS: 254833 / 1268846022 / 846

« Display of rare colossalete- candidate
event with 2.9 TeV invariant mass

+ Eachelectron candidate has 1.3 TeV E;
» Back-to-backin ¢
Highest-mass Run-1 events: 1.8 TeV (ee), 1.9 TeV (up)



Top quark production at 13 TeV

l CMS Experiment at LHC, CERN

i Data recorded: Sun Jul 12 07:25:11 2015 CEST
Run/Event: 251562 / 111132974

Lumi section: 122

Orbit/Crossing: 31722792 / 2253

Boosted hadronic ttbar event
measured by CMS




Top-antitop production at 13 TeV

Expectincrease of 8 TeV cross section by a factor of 3.3
[ ATLAS-CONF-2015-033, ATLAS-CONF-2015-049]

Cleanest channel:tt — (e + v + b-jet) + (1 + v + b-jet) = ey + 2 b-jets + E s

Select: OS electrons & muons with p;> 25 GeV, at least one b-tagged jet with p;> 25 GeV
(clean channel, no E7 s requirement needed — reduce systematics)

Shape comparison only. MC normalised to data
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Top-antitop production at 13 TeV

Extraction of top-pair cross section
[ ATLAS-CONF-2015-033, ATLAS-CONF-2015-049]

Apply robust data-driven method that provided most precise Run-1 measurements (7, 8 TeV)

Following relation allows to simultaneously

determine o, and g, from data
MC normalised to SM expectation

N 450_ T I | | ]
- - . . . bkg c C fni .
N, =L 04z, 26, (1-Cyp,)+N, S 400l ATLAS Preliminary o Data2015 |
- m “UF (s=13TeV,78pb" [t Powheg+PY ]
N, =L'Gtt‘°geu°cb8b +N, 350 Wt -
52%,:+: I Z+jets .
300F [ Diboson -
Where 2505 B Mis-ID lepton A
Ny2  — numberof selectedevents with 1(2) b-tags - .
Ni2®9 — number of background events with 1(2) b-tags 200 E
L — luminosity of data sample 150 —f
Eau — (tt =) ep selectioneff& acc (~0.9%) incl. BR 100 _E
&b — probability to b-tag g fromt — Wq ]
Ch = €0/ & IS NON-factorisation correction 50 =
(1.005 £ 0.006 from MC) 0 3

0 1 2 >3
Observe: N, =319, N, = 167 Np tag

Expect:  N,%9 =37.3+55 N,pka =85+3.5,
dominated by Wt (MC, approx. NNLO), then mis-id. e/u (MC & data)
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Top-antitop production at 13 TeV

Extraction of top-pair cross section
[ ATLAS-CONF-2015-033, ATLAS-CONF-2015-049]

Solving the equation gives the following 13 TeV pp — tt + X cross section

) Total relative
oy (13 TeV) = 829 + 50 (stat) + 56 (syst) + 83 (lumi) pb uncertainty of 14%
(4.3% at8 TeV)

ou[SM] (13 TeV) = 832fj§ pb (at NNLO + NNLL accuracy, m, = 172.5 GeV, Top++ 2.0)

Systematic uncertainty (7.3%) dominated by

- tt hadronisation (4.5%) — large Pythia8 / Herwig++ parton shower effect, to be further studied
- tt NLO modelling, ISR/FSR radiation & PDF (2.8%)

- Electron ID + isolation (3.4%) 7]
- Muon ID + isolation (1.2%)

o . , . — willimprove with more data
- Lepton mis-identification (1.4%)

- Leptontriggers (0.8%)

—

Overall uncertainty dominated by luminosity (9%) — willimprove with full van-der-Meer luminosity scan

We also measure: g, = 0.527 + 0.026 £ 0.006, in good agreement with simulation: 0.543
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Top-antitop production at 13 TeV

Extraction of top-pair cross section
[ ATLAS-CONF-2015-033, ATLAS-CONF-2015-049]

Solving the equation gives the following 13 TeV pp — tt + X cross section

oy (13 TeV) = 829 + 50 (stat) + 56 (syst) =83 (lumi) pb

SM: 832 *2Y pb
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b | @ euwvVs=7TeV, L=461fb" | .
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Top-antitop production at 13 TeV

Extraction of top-pair cross section
[ ATLAS-CONF-2015-049 ]

Ratio to Z cross section reduces systematic uncertainty

R(tt / Z) = 0.445 = 0.027 (stat) +0.028 (syst) [9%]

ATLAS Preliminary
13 TeV, 78 - 85 pb™

Ratio of ttbar(e—)
to Z cross-section
measurement

(sensitive to ratio of

]| data = total uncertainty gluonto sea-quark

| data = stat. uncertainty PDFs)
A ABM12LHC R

v CT10nnlo +

B NNPDF3.0 —+

® MMHT14nnlo68CL O+

—~

NNLO QCD, inner uncert.: PDF only)

L
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Total and differential cross-section measurements

Test 13 TeV modelling (verify known problems during Run-1)

[CMS 1510.05302, CMS PAS TOP-15-010]

Total cross-section measurement in dilepton e—u channel

Select: OS electrons & muons with pr> 20 GeV, > 2 jets with p;> 30 GeV, |1, jets| < 2.4, N0 b-tagging
(alternative analysis uses 0,1,2 b-tagging categories)

Trigger and lepton efficiencies largest systemtics after luminosity

oy (13 TeV) = 769 + 60 (stat) + 55 (syst) +92 (lumi) pb Total relative

uncertainty of 16%
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Total and differential cross-section measurements

Test 13 TeV modelling (verify known problems during Run-1) M PAS TOP15.005

g0’ 42 pb™ (13 TeV)
S CMS I+jets
. . . > o
- 8 = Prelimina —e— data
Total and d|ffergnt|al Cross section g ° v o ot stat
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Total and differential cross-section measurements
Test 13 TeV modelling (verify known problems during Run-1)

Additional recent differential cross-section measurements in lepton+jets channel

Larger luminosity of 71 pb-1, different variables
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Display of t-channel single-top candidate event: muonwith p;of 30 GeV, central b-tagged jet of 50 GeV,
forward jet 30 GeV, E7 s Of 40 GeV

ATLAS w2
Event: 279124678

EXPERIMENT 2015-06-05 02:24:03 CEST




Finally: t-channel single top production

Expect factor 2.5 larger cross-section at 13 TeV compared to 8 TeV
[ CMS-PAS-TOP-15-004 ]

Early measurement by CMS using 42 pb~! of data in muon channel

Select: =1 isolated muon with p;> 22 GeV, || < 2.1, jets > 40 GeV, |n| < 4.7; t-channel enriched events
have 2 jets, 1 b-tag and m,,, ~ my,,. Signal extracted from fit to |gne distributionin m,,,, signal region,
top backgrounds from 2 b-tag control region. Systematics: JES (17%), luminosity (12%), b-tagging (6%), ...
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Finally: t-channel single top production

Expect factor 2.5 larger cross-section at 13 TeV compared to 8 TeV
[ CMS-PAS-TOP-15-004 ]

Early measurement by CMS using 42 pb~! of data in muon channel

Select: =1 isolated muon with p;> 22 GeV, || < 2.1, jets > 40 GeV, |n| < 4.7; t-channel enriched events
have 2 jets, 1 b-tag and m,,, ~ my,,. Signal extracted from fit to |gne distributionin m,,,, signal region,
top backgrounds from 2 b-tag control region. Systematics: JES (17%), luminosity (12%), b-tagging (6%), ...
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CONCLUSIONS

Successful restart by LHC and detectors after LS1
Experiments were well prepared — lots of interesting physics results already
Much more to come

LHC / HL-LHC Plan e?ég“c?i”‘””y

LHC
Run 1 | | Run 2 | |
LS1 EYETS 14 TeV 14 TeV
] 13-14TeV
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luminosity 1

Next updates: watch the archive and the end-of-year seminars, 15 Dec 2015
[ http://indico.cern.ch/event/442432 ]
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Display of ZZ — putu~ + e*e~ candidate event (m,, .. = 94 /86 GeV, mye. = 191 GeV)

ATLAS

EXPERIMENT

Run Number: 271298, Event Number: 78224729

Date: 2015-07-10 20:50:34 CEST




Display of H — 2u2e candidate from 13 TeV pp collisions. The measured momentaare: p{u) =55, 33 GeV,
pAe)= 14,11 GeV The measured masses are: m(2u2e) = 123 GeV, m(uu) =91 GeV, m(ee) = 27 GeV.

ATLAS

EXPERIMENT

Run Number: 280464, Event Number: 51714061¢

Date: 2015-09-28 04:21:57 CEST
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