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To	the	LHC	and	injector	teams
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Thanks	a	lot	for	the	fantastic	
dataset	you	delivered!
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Position resolution: < 200 μm (Arm1) and 40 μm (Arm2)
Energy resolution: < 5% for photons; 30% for neutrons
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Two	very	different,	but	complementary	
experiments
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The	LHCf Collaboration
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O.	Adriani,	E.Berti,	L.Bonechi,	M.Bongi,	
R.D’Alessandro,	M.Haguenauer,	Y.Itow,	T.Iwata,	
K.Kasahara,	Y.Makino,	K.Masuda,	Y.Matsubara,	
E.Matsubayashi,	H.Menjo,	Y.Muraki,	P.Papini,	
S.Ricciarini,	T.Sako,	K.Sato,	N.Sakurai,	Y.Shimitsu,	
M.Shinoda,	T.Suzuki,	T.Tamura,	A.Tiberio,	S.Torii,	
A.Tricomi,	W.C.Turner,	M.Ueno,	K.Yoshida,	Q.D.Zhou
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4	countries
14	institutions
10	students	~



The	LHCf detector
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Arm2	Detector
2.5cm	x	2.5cm	+	3.2cm	x	3.2cm
GSO	tiles	(e.m.	calorimeter)
4	X-Y	tracking	layers	
(silicon	microstrip)

44	X0
~1.5	lint

Arm1	Detector
2cm	x	2cm	+	4cm	x	4cm
GSO	tiles	(e.m.	calorimeter)
4	X-Y	tracking	layers	
(GSO	bars)

Arm#2

Arm#1

Position	resolution: <	200	μm (Arm1)	and	40	μm (Arm2)
Energy resolution: < 5% for photons; 30% for neutrons
Pseudo-rapidity	range: η >	8.7	@	zero	crossing	angle

η >	8.4	@	140	µrad
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+ LHCf:  location and detector layout 
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Arm#1 Detector 
20mmx20mm+40mmx40mm 
4 X-Y SciFi/GSO Bars tracking 
layers 

Arm#2 Detector 
25mmx25mm+32mmx32mm 
4 X-Y Silicon strip tracking layers 

Energy resolution: 
       < 5%  for photons 
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� > 8.7 @ zero Xing angle 
� > 8.4 @ 140urad  



The	LHCf performance
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•  Arm1 and Arm2 spectra are consistent within the estimated systematics
•  The largest contribution to the systematics are coming from the energy 

scale and from multi-hit correction 

√s=13 TeV analysis, Arm1 and Arm2 
photon spectra	 
 

• Arm1	and	Arm2	spectra	are	consistent	within	the	estimated	
systematics	(mostly	energy	scale	and	multi-hit	correction)	



The	LHCf 2016	run

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	√spp =	13	TeV,	√spPb =	5	TeV and	√spPb =	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!!!

p°

h
gg - invariant
mass	distribution

g energy
distribution
(higher h)
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LHCf 2016	data LHCf 2016	data



The	ATLAS	Collaboration

Introduction Measurements and searchesDetector and data taking

The ATLAS Collaboration

Only < 1/10 of the ATLAS collaboration shown here
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38 countries, ~180 universities,  
>1000 students

498 papers  
as of today 

  
28 public results  
with full dataset  

released within 5 weeks  
after end of p-p data taking 

  
only a few shown here, full set: 
https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/December2015-13TeV

38	countries
182	institutions
>1000	students	



The	ATLAS	data	taking
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ATLAS	has	performed	very	well	in	2016!	
• New	systems	commissioned	and	operational
• >96%	working	channels	(pixels,	cells...)

90%	good	data	
for	analysis!

We	have	
recorded	more	
pp data	in	2016	
than	in	all	the	
previous	years	
combined!

~



The	pile-up	challenge
We	acquired	data	following	
the	LHC	beyond	the	design	
specifications
• Twice	as	high	luminosity	
as	in	Run-1!

• Improved	understanding	
of	the	detector	and	
mitigated	challenges	as	
luminosity	increased

11
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!ATLAS&has&performed&very&
well&in&2016!
! ~x2 increased#peak#luminosity#relative#to#
Run#I

! New#systems#commissioned#and#operational

!We#have#recorded#36#fbK1:#more#
pp#data#in#2016#than&in&all&the&
previous&years&combined

Summarising 2016 Data Taking

11/28/16 A.#Cerri#K 128th#Open#LHCC 11
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Run	1
peak

Run	1
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Online	event	selection

Online	selections	(triggers)	nearly	stable	across	the	
whole	year	despite	the	increasing	luminosity
• Coherent	dataset	across	2015	and	2016
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TDAQ

11/28/16 A.#Cerri#K 128th#Open#LHCC 14

!Smooth#operation#in#2016
! Flawless#start#and#rampKup#phases
! L1#Central#Trigger,#L1#Calo and#
Muon#triggers#operated#smoothly

! Observed#nonKlinear#Pile#Up#
dependence#of#some#triggers#
(particularly#ETMiss)

! HLT#Farm#usage#well#balanced
! Recording#rate#up#to#specs#and#
under#control

!New#L1#Topological#triggers
! Deployed#for#physics#selection#as#
of#8/2016#(TAU,#BPH,#etc.#triggers)
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What	to	look	for
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One	of	the	main	goals	of	the	13	TeV run	is	to	look	for	new	physics
• This	often	implies	understanding	complex	topologies
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Flavour Tagging
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• We	are	able	to	
identify	them	
by	looking	for	
displaced	
vertices
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Heavy	flavour	quarks	form	intermediate	
particles	that	travel	away	from	the	
interaction	before	decaying.
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Electrons
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The	leptonic decays	of	the	Z	boson	are	used	to	
monitor	the	electron	energy	calibration.

LESS	THAN
1/1000
VARIATION!

• Very	well	known	
reference	mass
(measured	at	LEP)
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• Impressive	stability	of	electron	energy	calibration
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The	decay	products	of	
highly	energetic	W	bosons		
and	top	quarks	tend	to	be	
close	to	each	other.

• They	can	be	
reconstructed	as	a	
single	jet

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

• Impressive	stability

Jets
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Jets!
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p+Pb
�

sNN = 8.16 TeV
mµ+µ�

= 3.09 GeV, pµ+µ�

T = 50.9 GeV
pjet1

T = 48.5 GeV, pjet2
T = 31.4 GeV

pjet3
T = 28.3 GeV, pjet4

T = 23.3 GeV�
EPb

T = 57 GeV

Figure 11: Event display of a candidate for a high-pT J� → µ+µ− decay produced in association with
four jets, collected during p+Pb run at

√
sNN = 8.16 TeV. An opposite charged pair of muons was

matched to a dimuon trigger in this event. Invariant mass of the J� candidate is 3.096 GeV.

p+Pb
�

sNN = 8.16 TeV
Z: pT = 46.9 GeV, � = -0.42, � = -0.69
jet: pT = 51 GeV, � = 1.06, � = 2.61�

EPb
T = 210 GeV

Figure 12: Event display of a high-multiplicity p+Pb collision at
√

sNN = 8.16 TeV containing a Z+jet
candidate. The Z boson decays into an opposite-sign electron pair with an invariant mass of 90 GeV and
a pT of 46.9 GeV. The balancing jet has a pT of 51 GeV.
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• 2016	p+Pb
data	already	
being	
analysed!

Muons
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Missing	Transverse	Momentum

20

The	momentum	balance	is	known	
only	in	the	transverse	plane.
• Crucial	to	detect	

invisible	particles
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Combination	of	
tracking	and	
calorimetry to	
improve	robustness.
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Di-photon event
p+Pb

�
sNN = 8.16 TeV

p�
T,1 = 36.7 GeV, �1 = 0.96, �1 = 0.21

p�
T,2 = 34.2 GeV, �2 = 1.68, �2 = -2.91

�
EPb

T = 19.9 GeV

Figure 13: Event display of a p+Pb collision at
√

sNN = 8.16 TeV containing a di-photon candidate.
The photons pass tight identification criteria and are experimentally isolated (Eiso,R=0.3

T < 3 GeV), and are
balanced in azimuth and transverse momentum.

Photon+multijet event
p+Pb

�
sNN = 8.16 TeV,

�
EPb

T = 33.1 GeV
photon: pT = 154 GeV, � = -2.07, � = 2.96
jet 1: pT = 214 GeV, � = 0.63, � = 0.58
jet 2: pT = 110 GeV, � = -0.54, � = -2.05
jet 3: pT = 48 GeV, � = -0.72, � = -1.58

Figure 14: Event display of a p+Pb collision at
√

sNN = 8.16 TeV containing a photon and multiple jets.
The photon passes tight identification and isolation criteria (Eiso,R=0.3

T < 3 GeV).

p p



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
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ATLAS	guaranteed	minimum	level	of	resources150000

300000

Number	of	running	jobs



A	2016	milestone:	ICHEP
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  PreliminaryATLASTheory
Measurement
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Great	achievement	of	the	collaboration
• Results	have	been	presented	with	data	taken	just	two	weeks	before!

Measuring	Standard	
Model	Processes
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We	have	been	able	to	fully	re-establish	the	
observations	of	Run	1	…

Higgs	to	four	
leptons
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… and	rule	out	some	hints	from	2015.
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ADD GKK + g/q − ≥ 1 j Yes 3.2 n = 2 1604.077736.58 TeVMD

ADD non-resonant ℓℓ 2 e, µ − − 20.3 n = 3 HLZ 1407.24104.7 TeVMS

ADD QBH→ ℓq 1 e, µ 1 j − 20.3 n = 6 1311.20065.2 TeVMth

ADD QBH − 2 j − 15.7 n = 6 ATLAS-CONF-2016-0698.7 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → ℓℓ 2 e, µ − − 20.3 k/MPl = 0.1 1405.41232.68 TeVGKK mass

RS1 GKK → γγ 2 γ − − 3.2 k/MPl = 0.1 1606.038333.2 TeVGKK mass

Bulk RS GKK →WW → qqℓν 1 e, µ 1 J Yes 13.2 k/MPl = 1.0 ATLAS-CONF-2016-0621.24 TeVGKK mass

Bulk RS GKK → HH → bbbb − 4 b − 13.3 k/MPl = 1.0 ATLAS-CONF-2016-049360-860 GeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 20.3 BR = 0.925 1505.070182.2 TeVgKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 4 j Yes 3.2 Tier (1,1), BR(A(1,1) → tt) = 1 ATLAS-CONF-2016-0131.46 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 13.3 ATLAS-CONF-2016-0454.05 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 19.5 1502.071772.02 TeVZ′ mass

Leptophobic Z ′ → bb − 2 b − 3.2 1603.087911.5 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 13.3 ATLAS-CONF-2016-0614.74 TeVW′ mass

HVT W ′ →WZ → qqνν model A 0 e, µ 1 J Yes 13.2 gV = 1 ATLAS-CONF-2016-0822.4 TeVW′ mass

HVT W ′ →WZ → qqqq model B − 2 J − 15.5 gV = 3 ATLAS-CONF-2016-0553.0 TeVW′ mass

HVT V ′ →WH/ZH model B multi-channel 3.2 gV = 3 1607.056212.31 TeVV′ mass

LRSM W ′
R
→ tb 1 e, µ 2 b, 0-1 j Yes 20.3 1410.41031.92 TeVW′ mass

LRSM W ′
R
→ tb 0 e, µ ≥ 1 b, 1 J − 20.3 1408.08861.76 TeVW′ mass

CI qqqq − 2 j − 15.7 ηLL = −1 ATLAS-CONF-2016-06919.9 TeVΛ
CI ℓℓqq 2 e, µ − − 3.2 ηLL = −1 1607.0366925.2 TeVΛ

CI uutt 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 20.3 |CRR | = 1 1504.046054.9 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ ≥ 1 j Yes 3.2 gq=0.25, gχ=1.0, m(χ) < 250 GeV 1604.077731.0 TeVmA

Axial-vector mediator (Dirac DM) 0 e, µ, 1 γ 1 j Yes 3.2 gq=0.25, gχ=1.0, m(χ) < 150 GeV 1604.01306710 GeVmA

ZZχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV ATLAS-CONF-2015-080550 GeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 3.2 β = 1 1605.060351.1 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥ 2 j − 3.2 β = 1 1605.060351.05 TeVLQ mass

Scalar LQ 3rd gen 1 e, µ ≥1 b, ≥3 j Yes 20.3 β = 0 1508.04735640 GeVLQ mass

VLQ TT → Ht + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 T in (T,B) doublet 1505.04306855 GeVT mass

VLQ YY →Wb + X 1 e, µ ≥ 1 b, ≥ 3 j Yes 20.3 Y in (B,Y) doublet 1505.04306770 GeVY mass

VLQ BB → Hb + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 isospin singlet 1505.04306735 GeVB mass

VLQ BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B in (B,Y) doublet 1409.5500755 GeVB mass

VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

VLQ T5/3T5/3 →WtWt 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 3.2 ATLAS-CONF-2016-032990 GeVT5/3 mass

Excited quark q∗ → qγ 1 γ 1 j − 3.2 only u∗ and d∗, Λ = m(q∗) 1512.059104.4 TeVq∗ mass

Excited quark q∗ → qg − 2 j − 15.7 only u∗ and d∗, Λ = m(q∗) ATLAS-CONF-2016-0695.6 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 8.8 ATLAS-CONF-2016-0602.3 TeVb∗ mass

Excited quark b∗ →Wt 1 or 2 e, µ 1 b, 2-0 j Yes 20.3 fg = fL = fR = 1 1510.026641.5 TeVb∗ mass

Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass

Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

LSTC aT →W γ 1 e, µ, 1 γ − Yes 20.3 1407.8150960 GeVaT mass

LRSM Majorana ν 2 e, µ 2 j − 20.3 m(WR ) = 2.4 TeV, no mixing 1506.060202.0 TeVN0 mass

Higgs triplet H±± → ee 2 e (SS) − − 13.9 DY production, BR(H±±L → ee)=1 ATLAS-CONF-2016-051570 GeVH±± mass

Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, BR(H±±
L
→ ℓτ)=1 1411.2921400 GeVH±± mass

Monotop (non-res prod) 1 e, µ 1 b Yes 20.3 anon−res = 0.2 1410.5404657 GeVspin-1 invisible particle mass

Multi-charged particles − − − 20.3 DY production, |q| = 5e 1504.04188785 GeVmulti-charged particle mass

Magnetic monopoles − − − 7.0 DY production, |g | = 1gD , spin 1/2 1509.080591.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

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

ATLAS Preliminary∫
L dt = (3.2 - 20.3) fb−1

√
s = 8, 13 TeV

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

†Small-radius (large-radius) jets are denoted by the letter j (J).
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Figure 11: Kinematic distributions for �� ! �� event candidates: diphoton invariant mass (top-left), diphoton
rapidity (top-right), diphoton transverse momentum (mid-left), diphoton pseudorapidity di�erence (mid-right)
single-photon transverse energy (bottom-left) and single-photon transverse energy (bottom-left). Data (points) are
compared to MC expectations (histograms).

15

Light-by-light	scattering

27

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
• Relevant	to	precision	QED	physics!Light-by-light Scattering

11/28/16 A.#Cerri#K 128th#Open#LHCC 7

LightKbyKlight#scattering#in#ultraKperipheral#Pb+Pb#collisions#at#sqrt(sNN)=5.02#TeV#with#the#ATLAS#detector#at#the#LHC#(ATLASKCONFK2016K111)

! Based&on&2015&PbPb data&(5.02TeV,&480&µbI1)
!QuasiIelastic&scattering&of&two&photons

! Indirectly#probed#in#e#and#µ#anomalous#magnetic#moment
! Previously#observed#in#lowKenergy#(cfr.#Delbruck#scattering#

and#photon#splitting#processes)

! Could#allow#to#probe:
! Anomalous#gauge#couplings
! Contributions#from#BSM

! 82Pb&used&as&photon&source&(NƔƔ~Z4)
! Small#Q2 and#small#pT for#outgoing#Ɣ
! Dedicated#photon#reconstruction#to#emphasize#
lowKET#(>3#GeV)

! Signal#evident#in#acoplanarity (##############)#distribution
! Fiducial#σ consistent#with#SM#expectations

7.3#signal/3.6#background#events
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ATLAS-CO
N
F-2016-111

Pb Pb

Pb Pb

Back-to-back
photons
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Just	released	result,	
based	on	7	TeV data

• Precision	
comparable	with	
the	currently	
leading	
measurements	
performed	by	the	
CDF	and	D0	
collaborations	

Measurement	of	the	W	-boson	mass
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DRAFT

Channel mW+ � mW� Stat. Muon Elec. Recoil Bckg. QCD EWK PDF Total
[MeV] Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc.

W ! e⌫ -29.7 17.5 0.0 4.9 0.9 5.4 0.5 0.0 24.1 30.7
W ! µ⌫ -28.6 16.3 11.7 0.0 1.1 5.0 0.4 0.0 26.0 33.2

Combined -29.2 12.8 3.3 4.1 1.0 4.5 0.4 0.0 23.9 28.0

Table 13: Results of the mW+�mW� measurements in the electron and muon decay channels, and of the combination.
The table shows the statistical uncertainties; the experimental uncertainties, divided into muon, electron, recoil and
background uncertainties; and the modelling uncertainties, comprising QCD modelling including scale variations,
parton shower and angular coe�cients, electroweak corrections, and PDFs. All uncertainties are given in MeV.

and for the combination. The electron channel measurement combines six categories (pT and mT fits in1439

three |⌘ | bins), while the muon channel has four |⌘ | bins and eight categories in total. The fully combined1440

result is1441

mW+ � mW� = �29.2 ± 12.8 MeV(stat.) ± 7.0 MeV(exp. syst.) ± 23.9 MeV(mod. syst.)
= �29.2 ± 28.0 MeV,

where the first uncertainty is statistical, the second corresponds to the experimental systematic uncertainty,1442

and the third to the physics-modelling systematic uncertainty.1443

12 Summary and conclusions1444

This paper reports a measurement with the ATLAS detector of the mass of the W boson, obtained through1445

template fits to the kinematic properties of decay leptons in the electron and muon decay channels. The1446

measurement is based on proton–proton collision data recorded in 2011 at a centre-of-mass energy of1447 p
s = 7 TeV at the LHC, and corresponding to an integrated luminosity of 4.6 fb�1. The measurement re-1448

lies on a thorough detector calibration based on the study of Z-boson events, leading to precise modelling1449

of the electron, muon, and recoil detector response. Templates for the W -boson kinematic distributions1450

are obtained from the NLO MC generator Powheg, interfaced to Pythia8 for the parton shower. The1451

signal samples are supplemented with several additional physics-modelling corrections allowing for the1452

inclusion of higher-order QCD and electroweak corrections, and by fits to measured distributions, so that1453

the agreement of lepton kinematic distributions with data is improved. The W -boson mass is extracted1454

from the transverse-momentum distribution of charged leptons and from the transverse-mass distribu-1455

tions, for positively- and negatively-charged W bosons, in the electron and muon decay channels, and in1456

several kinematic categories. The individual measurements of mW are found to be consistent and their1457

combination yields a value of1458

mW = 80370 ± 7 MeV(stat.) ± 11 MeV(exp. syst.) ± 14 MeV(mod. syst.)
= 80370 ± 19 MeV,

where the first uncertainty is statistical, the second corresponds to the experimental systematic uncertainty,1459

and the third to the physics-modelling systematic uncertainty. A measurement of the W+ and W� mass1460

di↵erence yields mW+ � mW� = �29 ± 28 MeV.1461

7th December 2016 – 01:15 61
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In	the	Standard	Model,	mW mt and	mH are	related	to	each	other
• Measuring	them	precisely	provides	an	important	consistency	test

Measurement	of	the	W	-boson	mass

Introduction			- LHCf - ATLAS			- ATLAS	performance			- ATLAS	data	analysis
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553	Run	1	and	49	Run	2	papers	and	counting…
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Looking	forward	to	more

39Thanks	to	collaborating	nations	and	funding	agencies!



Thanks	for	your	attention


