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To the LHC and injector teams

ALICE LHCDB

Thanks a lot for the fantastic
dataset you delivered!
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Physics around LHC Point 1

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Physics around LHC Point 1

CNMS
LHC
ALICE LHCD ‘
TAN Dipole TAN
magnet
(absorber for neutrals) e _-P'
140 m / N
LHCf Arm#1 “— LHCf Arm#2 '

Double-tower calorimeter Double-tower calorimeter

Two very different, but complementary
experiments
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The LHCf Collaboration

O. Adriani, E.Berti, L.Bonechi, M.Bongi,
R.D’Alessandro, M.Haguenauer, Y.ltow, T.Ilwata, ‘
K.Kasahara, Y.Makino, K.Masuda, Y.Matsubara,

E.Matsubayashi, H.Menjo, Y.Muraki, P.Papini, 4 countries
S.Ricciarini, T.Sako, K.Sato, N.Sakurai, Y.Shimitsu, 14 institutions
M.Shinoda, T.Suzuki, T.Tamura, A.Tiberio, S.Torii,

ATricomi, W.C.Turner, M.Ueno, K.Yoshida, Q.D.Zhou ~10 students
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The LHCf detector

Position resolution: <200 pm (Arm1) and 40 um (Arm?2)

Energy resolution: < 5% for photons; 30% for neutrons

Pseudo-rapidity range: n > 8.7 @ zero crossing angle
n>8.4 @ 140 prad

Arm1 Detector Arm2 Detector

2cm x 2cm +4cm x 4cm 44 Xo 2.5cm x 2.5cm + 3.2cm x 3.2cm
GSO tiles (e.m. calorimeter) A GSO tiles (e.m. calorimeter)

4 X-Y tracking layers ~1.5 int 4 X-Y tracking layers

(GSO bars) (silicon microstrip)
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The LHCf performance

LHCf Ys=13TeV photon
n>10.94, A6=180°
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LHCf Ys=13TeV photon
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Arm1l and Arm2 spectra are consistent within the estimated
systematics (mostly energy scale and multi-hit correction)
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The LHCf 2016 run
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LHCf has taken data in combination with ATLAS

 Exploit the ATLAS tracker to separate the contributions from diffractive and non-
diffractive collisions

* \Various datasets (for Vs, = 13 TeV, Vs, = 5 TeV and Vs, = 8 TeV ) available for
combined analysis
The LHCf Collaboration would like to thank the LHC Programme coordinators,

the tunnel activities coordinator and all the people involved on the machine
side for the final success of the 2016 run!!!
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The ATLAS data taking

ATLAS has performed very well in 2016!
* New systems commissioned and operational

>96% working channels (pixels, cells...)

T T T | T T T | T T T | T T T | T T T | T T T | T T T
50— ATLAS Online Luminosity  /s=13TeV

- [[] LHC Delivered
40 - |:| ATLAS Recorded

We have
recorded more

Total Delivered: 38.9 fb™
Total Recorded: 36.0 fb™

Total Integrated Luminosity [fb]

uoneiqied gi/.

combined!

s0]- 1 ppdatain 2016
Lo ~90% good data 1 thaninall the

for analysis! 1. previous years
101 =

0 I llllllllllllll 1 1 1 I 1 | —
18/04 16/05 13/06 11/07 08/08 05/09 03/10 31/10

Day in 2016
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The pile-up challenge

18— ATLAS Onllne Lummosnty s=13TeV =
16_— ¢ LHC Stable Beams

Peak Lumi: 13.7 x 10¥ cm?2 s

We acquired data following

i 14;— e
the LHC beyond the design - YT

specifications s Runl  iu™™ E
—peak . =

6
4—
2

* Twice as high luminosity
as in Run-1!

Peak Luminosity per Fill [10* cm?2 571

11/04 12/05 12/06 13/07 13/08 13/09 15/10 15/11

oooFL T T T T T T T
180
160
140
120
100
80

ATLAS Online, (s=13 TeV j Ldt=33.5 fb"!
[0 2015:<u>=13.7

[ 2016:<u>=24.2
B Total: <p>=22.9

* Improved understanding
of the detector and
mitigated challenges as Y
luminosity increased o

0

Delivered Luminosity [pb/0.1]

10 15 200 25 30 35 40 45 50

Mean Number of Interactions per Crossing
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Online event selection

ATLAS Trigger Operations  Data 2016, VYs= 13 TeV, p-p runs

Physics streams
Average: 1 kHz “’ | |
--------------- - - - - - - 1 l - - - .- - - - - - -
800

600
400
200

——'Illllllllllll

Illllllllllllllll

L N . N, N -,
SO N B O O@®
o O © O O
o O O O O

III|III|III|

Average rate per run [Hz]

] | | ] ] ]
May June July August September October

Date of run

Online selections (triggers) nearly stable across the
whole year despite the increasing luminosity

* Coherent dataset across 2015 and 2016
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What to look for

One of the main goals of the 13 TeV run is to look for new physics
* This often implies understanding complex topologies

b ¢
P ot "
j )
- X1
\\ ~O
=~ X
AT !
P q
b
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Introduction -

What to look for

Charged
leptons!
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What to look for

Charged
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What to look for

‘Long lived’

particles!

Introduction -

Charged
leptons!

LHCf - ATLAS - ATLAS performance - ATLAS data analysis

14



What to look for

Charged

‘Long lived’
leptons!

particles!
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‘Long lived Flavour Tagging

particles!

Heavy flavour quarks form intermediate
particles that travel away from the
interaction before decaying.

o3

e We are able to
identify them
by looking for
displaced
vertices

Introduction - LHCf - ATLAS - ATLAS performance - ATLAS data analysis 15



ATLAS

EXPERIMENT

Run: 267638
Event: 242090708
2015-06-14 01:01:14 CEST

Introduction - LHCf - ATLAS - ATLAS performance
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Flavour Tagging

ATLAS Preliminary
\s =13 TeV, 28 fb”

B-tagging efficiency =77 %
Light-jet rejection = 134

b-jet efficiency ratio eda@ / eMC

I:l Total Uncertainty
MV2c10, €,=77%

60 < jet p, < 300 GeV + Stat. Uncertainty

IBL: critical to e ' 10 20 30 40 50
achieve this performancel Mean Number of Interactions per Crossing

|dentification efficiency robust against presence of additional interactions
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Charged

et Electrons

The leptonic decays of the Z boson are used to
monitor the electron energy calibration.

A 1005 T o
© i ATLAS Preliminary .
& 1004 S—13TeV. L = 33.9 fb" 4 ¢ Very well known
E sl 2016 data E reference mass
% F 1 (measured at LEP)
£ 1.002— -
1.001?— ———————————————————————— _g
E % oo, ¢l ] | LESS THAN
1=ty 4{} w{}ﬁmgﬂmﬁﬂﬂﬂﬂﬁmmﬁ """" il — 1/1000
- ++ ] VARIATION!
Kt =
0998:I 1 1 | L1 1 1 | 1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 | | L1 1 1 I:

(&)}
—
o
—
(@) ]
N
o
N
(@)}
w
o
w
(@)}
N
o
N
(@) ]

Mean Number of Interactions per Crossing

* Impressive stability of electron energy calibration
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EXPERIMENT

Run: 302347
Event: 753275626
2016-06-18 18:41:48 CEST
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— The decay products of
highly energetic W bosons

ATLAS Preliminary Data 2016, 13 TeV, 10-25 fb

>’

O

O,

2 13 TeV, 10-25 fb™, anti-k LCTopo R=1.0 jets » and top quarks tend to be

E 50— LCW+JES+JMS calibration, statistical errors only C|OSE tO each other.

2, data sim.

a —e— —o— Top candidate jets

09’3 —— W candidate jets )

3 4+~ 4 QCDjets «—They can bel

— -

2 —————— ¢ —— reconstructed as a

L - n i
single jet :

.

e We can measure the
mass of these jets to
monitor.our calibration

QZQ«

15 EI)mpresswe stability
Mean Number of Interactions per Crossing = i\\




p+Pb \/syn = 8.16 TeV

me T =3.09 GeV, o " =50.9 GeV
ATLAS Py

EXPERIMENT Pt = 48.5 GeV, P = 31.4 GeV

Run: 313136 P8 = 28.3 GeV, p™** = 23.3 GeV
Event: 723576997 > EFP =57 GeV
2016-11-20 06:15:45 CEST
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Charged
leptons!

Muons ... . s

AL /) S m* T = 3.09 GeV Pt =50.9 GeV
M ENT Pt = 48.5 GeV, ;i?tz = 31.4 GeV
h P = 28.3 GeV, pf** = 23.3 GeV
8576997 \ S EPP =57 GeV

2016 11 -20 06:15:45 CEST

N E - dimuon trigger, p_ > 4 GeV ATLAS Prellmlnary1
y S ' 2016 p+Pb 0.17 pb’
DecadeS Of < -single muon trigger, p_> 15 GeV \/7 p8 16 TeV P
particle physics, & sy
in h.ef;\vy ion =
collisions.——
> C
e 2016 p+Pb 2
data already
being
analysed!
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TSTE

Missing Transverse Momentum

30

~

7 particles!

invisible particle

S

20

10

ATLAS Preliminary —e— Data

Data 2016, Vs = 13 TeV
—— Z(— ee) MC
Z > ee, 85fb"

0 jets, p, > 20 GeV

0

5 10 15 20 25
Number of primary vertices va

tion - ATLAS pe ce -

30

The momentum balance is known

f\?w only in the transverse plane.
t ..
' Invisible 4 Crucial to detect

Combination of
tracking and
calorimetry to
improve robustness.
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Data Processing and Computing

Worldwide computing resources are crucial

* The computing model continues to evolve: large simulation
samples essential for detailed understanding of the data

00000000

Number of running jobs

350,000 j=

OO  ATLAS guaranteed minimum level of resources

|y|||“||“|||||l|mm| ”|||||“|" ool

L TR RARRR AR

2016 20 6-11-19 2016 11-22 2016 11-25 2016 11-28 2016-12-01 2016 12-04 2016-12-07 2016-12-10

tion - ATLAS pe ce - |/ alysis 21



A 2016 milestone: ICHEP

Great achievement of the collaboration

e Results have been presented with data taken just two weeks before!
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? oo ATLAS Preliminary
pp —> X 0528 (LO) e
E pp—o W e NNLO : =
E pp > 21yt i NNLO .
3 Measuring Standard E
L Model Processes 4
E NNLO+NNLL { E
= 55—’;; W =
- - =
- pp > H LHC-XS (N°LO ggF) .
" ooy M
[ o g W2 =
g pp > 22 T NNLO §
4 6 8 10 12 14
Vs [TeV]

2 pp—> X
7 TeV, 20 ub™, Nat. Commun. 2, 463 (2011)

8 TeV, 500 b, arXiv:1607.06605

13 TeV, 60 pb™, arXiv:1606.02625
Ep->W T pp—>Zir*

7 TeV, 36 pb™', PRD 85, 072004 (2012)

13 TeV, 81 pb!, PLB 759 (2016) 601

2 pp>tt

7 TeV, 4.6 fo™!, Eur. Phys. J. C 74:3109 (2014)
8 TeV, 20.3 fb™, Eur. Phys. J. C 74:3109 (2014)
13 TeV, 3.2 fb™, arXiv:1606.02699

T pp—1q

7 TeV, 4.6 o', PRD 90, 112006 (2014)

8 TeV, 20.3 fb™", ATLAS-CONF-2014-007

13 TeV, 3.2 fb™', ATLAS-CONF-2015-079

S pp—>H

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

8 TeV, 20.3 fb™, Eur. Phys. J. C76 (2016) 6
13 TeV, 13.3 fb™", ATLAS-CONF-2016-081

T po > WW

7 TeV, 4.6 o', PRD 87, 112001 (2013)

8 TeV, 20.3 fb™, arXiv:1608.03086

13 TeV, 3.2 fb™!, ATLAS-CONF-2016-090

Y po—> WZ

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

13 TeV, 3.2 fb™, arXiv:1606.04017

L pp> 2z

7 TeV, 4.6 fo!, JHEP 03, 128 (2013)

8 TeV, 20.3 fb™", ATLAS-CONF-2013-020

13 TeV, 3.2 fb™", PRL 116, 101801 (2016)
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A 2016 milestone: ICHEP

> | T | TTTT | TTTT | TTTT | |||||||| | TTTT | TTTT | TTT I_
S S5 ATLAS PrellmlnaryliI s (m,= 125.Gev) -
Lo - H— ZZ* — 4l mm 2z
% 30 :_13 TeV, 14.8 fb™ — tzt+J\‘/etS§/\t/tv -
T B 7 Uncertainty ]
© 25 Hi to f
- iggs to four -
201 leptons :

0
80 90 100 110 120 130 140 150 160 170
m,, [GeV]

We have been able to fully re-establish the
observations of Run 1 ...
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Events / 20 GeV

Data - fitted background

A 2016 milestone: ICHEP

T e
10" &= ATLAS Preliminary . —§|
Data 3 § 10'C amasPreliminary I‘Dat‘a‘ . <
10° —— Background-only fit - — Backgroundonly it
- Spin-0 Selection . G g Spin-0 Selection ]
102 & —= E Vs =13TeV, 2015,3.2fb" 3
= s =13 TeV, 2016, 12.2 fo" 3 i .
10 ] L * w .
: S et :
1 = s b =
= 3 E 150 3
- ] ga 10l + 2015 pp data =
10713_ _EI % zﬂ % wl uu.a E
- | ] 2 ‘ et E
& ' 3 § -10 =
15 &l E 500 7000 1500 2000 2500
100l 1¢ 2016 pp data = Ty (56
L .
OB ! :
=547/ =
800 1000 1500 2000 2500
m,, [GeV]
... and rule out some hints from 2015.
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A 2016 milestone: ICHEP

T, production,T> b 7 /T>c ¥, /T> Wb, /T>t%,  Status: ICHEP 2016
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exclusion

.IIII|IIII|IIII|IIII|IIII|IIII/“'|II

||||||||||||||||||||||||||||||||||||||||||_ b e
~  ATLAS Preliminary

L a0 ~0
—t1—>t)(1/t1—>be1

Vs=13 TeV .
0L 13.2 fo! [CONF-2016-07 7’ Bt v
HL 13.2 fb"' [CONF-2016-050 t W 0
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A 2016 milestone: ICHEP

ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: August 2016 1 Tev [L£dt = (3.2-20.3) fbo! V5=8,13TeV
Model ty Jetst ET™ [rdt[ib™)] Limit Reference
T T — T T —T

ADD Gkk +g/q = >1j Yes 3.2 6.58 TeV n=2 1604.07773
ADD non-resonant ££ 2e,pu - - 20.3 . 4TTev n=3HLZ 1407.2410
ADD QBH — (q 1eu 1j - 20.3 n=6 1311.2006
ADD QBH - 2j - 15.7 L 8.7 TeV n=6 ATLAS-CONF-2016-069
ADD BH high ¥, pr >lepu >2j - 32 | My 8.2 TeV n=6, Mp = 3TeV,rot BH 1606.02265
ADD BH multijet - >3] - 36 | Mu 9.55TeV. n=6, Mp =3TeV, rot BH 1512.02586
RS1 G — €€ 2ep - - 203 |Gkmass | 268TeV k[Mp = 0.1 1405.4123
RS1 Gkk — vy 2y - - 3.2 Gkk mass 3.2 TeV k/Mp; = 0.1 1606.03833
Bulk RS Gkx —» WW — qqtv lepu 1J Yes 13.2 Gkk mass 1.24 jeV k/Mp = 1.0 ATLAS-CONF-2016-062
Bulk RS Gk — HH — bbbb - 4b - 13.3 | Gkk mass 360-860 GeV' k/Mp = 1.0 ATLAS-CONF-2016-049
Bulk RS gk — tt leu 21b>1J2) Yes 203 [ERKmESIe  zzimev BR = 0.925 1505.07018
2UED/RPP le,u 22b,24j Yes 3.2 KK mass 1.456 TevV Tier (1,1), BR(ALD — tt) =1 ATLAS-CONF-2016-013
SSM Z" — ¢t 2e,pu - - 13.3 Z’ mass 4.05 TeV ATLAS-CONF-2016-045
SSM Z’ — 77 27 - - 195 |ZfmassE | 202 eV 1502.07177
Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 5TeV 1603.08791
SSM W’ — ¢v 1enu - Yes 13.3 | W’ mass 4.74 TeV ATLAS-CONF-2016-061
HVT W' — WZ — gqvv model A O e,u 1J Yes 132 | W’ mass 2.4 TeV gv =1 ATLAS-CONF-2016-082
HVT W’ — WZ — qqqq model B - 2J - 155 | W’ mass 3.0 TeV gv=3 ATLAS-CONF-2016-055
HVT V' - WH/ZH model B multi-channel 3.2 V’ mass 2.31 TeV gv=3 1607.05621
LRSM W}, — tb leu 2b0-1j] Yes 203 1.92TeV 1410.4103
LRSM W}, — tb Oepu >1b1d - 20.3 1.76 TeV 1408.0886
Cl qqqq - 2j - 15.7 A 19.9TeV 7 =-1 ATLAS-CONF-2016-069
Cl ttqq 2epu - - 32 |A 252TeV nu=-1 1607.03669
Cl uutt 2(88)28 e 21b,21] Yes 203 [N | el Crrl = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u >1j Yes 3.2 ma 1.0 TeV 84=0.25, g,=1.0, m(x) < 250 GeV 1604.07773
Axial-vector mediator (Dirac DM) O e, u, 1y 1j Yes 3.2 mp 710 GeV £q=0.25, g,=1.0, m(x) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oe,u 1J,<1j  Yes 3.2 M, 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1t gen 2e >2j - 3.2 LQ mass 1.1 Tef B=1 1605.06035
Scalar LQ 2 gen 2u >2j - 3.2 LQ mass 1.05 Te B=1 1605.06035
Scalar LQ 3" gen leu  21b,23] Yes 203 _ B=0 1508.04735
VLQ TT - Ht + X leu =22b>3] Yes 203 Tin (T,B) doublet 1505.04306
VLQ YY - Wh + X le,u 21b,23] Yes 203 Y in (B,Y) doublet 1505.04306
VLQ BB - Hb+ X Tepu >2b,>3j Yes 20.3 isospin singlet 1505.04306
VLQ BB - Zb+ X 2/>3e,u  >2/>1b > 20.3 Bin (B,Y) doublet 1409.5500
VLQ QQ — WqWgq 1eu >4j Yes  20.3 1509.04261
VLQ Ts/3 Tsj3 — WiWt 2(SS)/>3 e 21b,21j  Yes 3.2 | Ts3mass 990 GeV ATLAS-CONF-2016-032
Excited quark g* — qy 1y 1j - 3.2 q* mass 4.4 TeV only u* and d*, A = m(q*) 1512.05910
Excited quark g* — qg - 2j - 15.7 q* mass 5.6 TeV only u* and d*, A = m(q") ATLAS-CONF-2016-069
Excited quark b* — bg = 1b 1] - 8.8 b* mass 2.3 TeV ATLAS-CONF-2016-060
Excited quark b* — Wt 1or2e,u 1b,2-0] Yes 20.3 5TeV ff=f=fR=1 1510.02664
Excited lepton ¢* 3e,u - - 20.3  30Tev A=3.0TeV 1411.2921
Excited lepton v* Seut - - 20.3 A=16TeV 1411.2921
LSTC ar —» Wy Teuly - Yes 20.3 1407.8150
LRSM Majorana v 2epn 2j - 20.3 - 2.0TeV m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 139 | H* mass 570 GeV DY production, BR(H;* — ee)=1 | ATLAS-CONF-2016-051
Higgs triplet H** — ¢r 3eut - - 20.3 DY production, BR(H;* — (1)=1 1411.2921
Monotop (non-res prod) lepu 1b Yes 20.3 Anon—res = 0.2 1410.5404
Multi-charged particles = - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 Tev. DY production, |g| = 1gp, spin 1/2 1509.08059

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

tSmall-radius (large-radius) jets are denoted by the letter j (J).

PR | s L PR T

PR |

n n PR

107!

10

Lower bounds are specified only when explicitly not excluded.

Mass scale [TeV]

26



Light-by-light scattering

Based on 2015 Pb-Pb data (5.02TeV)

First evidence of quasi-elastic scattering of two photons at high
energy!
 Use heavy ions as source due to their large electromagnetic field

\

2
| T T T

. . . > 12 T | L | L | LI | LI | LI
* Relevant to precision QED physics! 3 I -eData 480 " ATLAS Preliminary
© gl TN PbaPb [5=5.02 TeV ]
> 1 0__ Bl vy —ete MC + SNN=P- ev -
Pb Pb 2 g N
y - Back-to-back -
6 —+— photons -
7 < - —— .
(!L A 4_— _

ool T |'\)

Pb Pb
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ATLAS

EXPERIMENT

Run: 287931

TR Event: 461251458
‘ liTl III I‘ |Y _J 2015-12-13 09:51:07 CEST
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Measurement of the W -boson mass

ATLAS-CONF-2016-113

T T T | T T T T | T T T T | T T T T
ALEPH ATLASPreliminary
DELPHI P
L3 o
OPAL
DO — =
ATLAS W* ——

B ® Measurement

AT =w Stat. Uncertainty
ATLAS W* — Full Uncertainty —o—

III|IIII|IIII|IIII|IIII|IIII
80250 80300 80350 80400 80450 80500

m,, [MeV]

Just released result,
based on 7 TeV data

* Precision
comparable with
the currently
leading
measurements
performed by the
CDF and DO
collaborations

my = 80370 +7 MeV (stat.) = 11 MeV (exp. syst.) = 14 MeV (mod. syst.)

= 80370 £ 19 MeV
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Measurement of the W -boson mass

m —_ T T T | T T T T T T T | T T T T | T T T T | T
:I: E 80.5 :_ ATLAS — m, =80.370 £ 0.019 GeV_:
¢ O - Preliminary Bl M =17284£070GeV -
S E§ e B m, = 125.09 +0.24 GeV -
i 80.451— % 68/95% CL of m,, and m, —
O - e ]
e N .
b4, 80.4 —
|__l B |
< I 5, = 2
80.35F —
80.3 - === 68/95% CL of Electroweak’]
M Fit w/o m,, and m, i
- (Eur. Phys. J. C 74 (2014) 3046) -
B 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 N

80.25 165 170 175 180 185
m, [GeV]

In the Standard Model, m,, m, and m are related to each other
 Measuring them precisely provides an important consistency test
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ATLAS publication status
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553 Run 1 and 49 Run 2 papers and counting...

Introduction -
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Thanks for your attention

EXPERIMEN
Run: 300800
Event: 2418777995
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