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A A New Frontier
TRyLN

« LHC started 2016 collisions
less than two weeks ago

1 Z
é{L _ = == %/

— Very hectic period for 2
collaboration, restarting / 2 %
operations after long break %/ =AW %

» The 2015 run left some i NN |
interesting hints at possible & \E y |
new physics 2 My ),

— Di-photon resonances? %,3!/'/ 4/4%7

» We expect to collect about an AR ey
: LT
order of magnitude more
13Tev data thIS year LARGE HADRON COLLIDER
— Ambitious plans for precision IN THE LEP TUNNEL

measurements and discoveries

A feasibility study of possible options

The CERN Machine Group
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1> Why Electroweak Physics?

(7RYL;5‘A
 The Standard Model (SM) is extremely successful at

describing particle interactions

— But it does not tell the full story: neutrino masses? Dark
matter and dark energy? Gravitation?

 The SM allows us to do very precise predictions of
electroweak processes

— Discrepancies between predictions and measurements
clearly indicate the presence of new physics

* Final states with multiple bosons are particularly
Interesting

— They are rare processes, only recently becoming
measurable

— They shed light on possible corrections to the interaction
vertices contained in the SM Lagrangian

R
O%

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia



Outline

The CMS detector at the LHC

o Focus on calon_metry S
e ~-\_f::n=-a.___~

Phystés wnth 8TeV data NI SRR
“— Wyy and Zyy cross: sectlons =
— Limits on anomalous quartic gauge ‘

c‘oup’lmgs with Weyy

A Iook ahead to 2025 -

— Upgrade of the CMS hadronic -
calorimeter

Summary and prospects
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1;7@5 The Large Hadron Collider
TRyLN

* Record luminosity in
2012: 7.67-10% cm2s1
« Up to 1380 colliding

bunches
— Up to ~35 interactions
per bunch crossing
« 10! protons / bunch

« Stored Energy: 362MJ
per beam
— Tevatron: 2MJ

— LHC magnets: 10GJ

 Kinetic energy of 90kton
aircraft carrier at battle
speed (30knots)
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The CMS Detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7 m Microstrips (80x180 pm) ~200m> ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m” ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO 4 crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels
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47@ Electromagnetic Calorimetry |
ARyLN y/
+ Homogeneous calorimeter built FS=- --“

with lead-tungstate crystals

— PbWO,: large-Z elements very
effective in stopping electrons
and photons

« About 80,000 3x3x20cm?3
crystals, individually read by
photo-diodes
— Transverse size ~ 1 R,; typical

photon contained in one cell,
electron in 3-4 cells

« Crystal production took about
10 years

— 2 days needed to grow each
1.5kg crystal
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@ Hadronic Calorimetry

7, Q

TRYLAS

* Plastic-scintillator/brass
sampling calorimeter
— 9cm brass layers are

interleaved with ~4mm
layers of plastic scintillator

— Wavelength-shifting fibers
bring the light from the
plastic tiles to the photo
detectors

 About 11,000 readout
channels
— on X o¢ towers

— 3200m? of plastic
scintillator
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8TeV Data Sample

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV

Data included from 2012-04-04 22:38 to 2012-12-16 20:49 UTC
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© Physics of Wyy and Zyy

Q
=y /4
TRYLAS

* The part of the SM Lagrangian that q QGC
describes electroweak interactions W
contains multi-bosonvertices @ Sacaaa

— WWyy, WZyy, WNVWW
— WWy, WWZ '

* Interested in measuring 4-boson 9
vertices in SM Lagrangian
— Quartic gauge couplings q ITGC+FSR I R
 Very difficult to separate contribution w7
of QGC from 3-boson vertices (triple ™ Jameaaa ¢
gauge couplings) plus radiation of a > |
photon , W _——
— Final state radiation (FSR): a photon q
emitted by the charged lepton from Vv
the W decay q | TGC+isR |
— Initial state radiation (ISR): a photon |
emitted by a quark in the initial state -==="7 W
__\7\/___\_\:_
' \\ v
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A More on

) /4
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» No ZZZZ, ZZvy, ZZy,
Zyy vertices in SM

— Zyy can only result by

O%

a combinationof ISR  ______ Y
and FSR photons

— Any evidence of a :
vertex with only Y
neutral bosons 7 |
indicates new physics "y"'< |
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© H V ts?
A ow rare are Vyy events”
ERei

_ __Jan 2016 CMS Preliminary _
-E. E‘ 'IE B 7 TeV CMS measurement (L < 5.0 ) E
=10’ i § 8 TeV CMS measurement (L < 19.6 i) -
o] = SN I O A ¥ 13 TeV CMS measurement (L < 1.3 i) =
= -~ — Theory prediction .
:'—1[]4%:_:-'-: A % CMS 5%CL it -
8 F & "
1{]33_: H H 1 1 _:;
BTE
g1 1 3
O [iiiii =
5F 3
E 1§_ ﬂig
Em‘% -
102E- -
i Loy |y L Lo | 2 |:-1||:q|n|ﬂ|m|n|m|m|n|ﬂ$mwg=hrl wlylals |tu|m||_,|u1- |H|u|ghlg|m|lﬂ|
All results at: hitp-ffcem.chigo/pMj7 B W, 2o, e Th. Ag,, In exp. Ag
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) Methodology

4RYL§é

O%

 The Cross-Section Master Formula:
Nobs — IV bke
OV’W - Lint

N,ns: Number of selected candidates in data sample
Npg: €xpected number of background events

Cy,,: fraction of signal expected to pass selection
L...: Integrated luminosity

o-BbR =

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 13



\q@RSITP

N Main Backgrounds
o 0 X Nohs —

« Electroweak and top backgrounds
— WWyy, WZyy, ttyy, Zyy q
— Estimated using Monte Carlo

q Fake y
| L “~\ |
q L -t g A W\\<“'Y
Lost M
------ q
q Y \\ .
: : Z
« Electron and jets faking a photon _——
— Wjj and Wyj production cross sections
are a few orders of magnitude larger
than Wyy
— Data-driven methods: it is difficult for = Jacaaa- Y Eake
MC to correctly model how a jet or an ¥
electron can be mis-identified as a
photon q

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 14
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gy Jets Mis-reconstructed as y
 Difficult to estimate with Monte Carlo

— Probability that jet is reconstructed as a photon
crucially depends on how hadronization is modeled:
difficult to do properly

— Fake rates (hopefully) small: a huge MC sample would
be needed to obtain a robust estimate

« A data-driven method can solve both issues
— Rely on actual data to model mis-reconstruction

* A generalization of the matrix method is used

— Allows us to properly account for mis-identification of
jets as being the leading and/or sub-leading photon

O%

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 15
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Gy Matrix Method for Jet Fakes
ARy LAS
 Release photon identification
cuts to build three “loose Counted in data
samples
— Either or both the leading and /| Nypr A o A ORR
sub-leading reconstructed Nro bl €IL  (IL  (IL QRp
photons can fail identification P B I A o A % -
cuts Nre Egg ﬁgg 6% E%’i aFFp
« Difference in efficiency of |
identification cut for jets mis- Measured in background-
reconstructed as photons enriched data samples (e

and for real photons allows
one to separate the various
components in data

for fake photons) and in
MC (¢ for real photons)

E.g.: ex.' " probability that an event with | Invert the matrix and solve for a’s
a Real leading photon and a Fake sub- | to obtain background estimate:
leading photon enters the Tight-Tight
region (i.e., both objects satisfy the
photon identification cuts

TT— T T T
Nokg  =ORrERF  TOFREFR  +OFFERF

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 16
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&y Background Estimate Validation

Lo~
TRYLAS
19.4 fb' (8 TeV)
c 250
a CMS ¢ Data
E Preliminary B Wyy Signal
b > Z
: oopg =ra
S er Multiboson
L I jet—7 fakes

- N
T

e
W 208 Total uncertainty

150 Muon Channel

100 N

50

0 20 30 40 50 60 70 80 90 100

Py [GeV]

« Validation of background estimate performed using control region
enriched in fake photons (sub-leading photon p- fails analysis cut)

— Test satisfactorily passed: data and re-normalized Monte Carlo
samples agree within uncertainties

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 17



Signal Generation

FSR-enhanced

= E_r . 70( = 23300
> 140" l >
) - ) =

— -

ISR-enhanced
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0||||||||||||||||||||||||||||||||||||||||||||||||| 0 D_||||||||||||||||||||||||||||| 0
0O 10 20 30 40 50 60 70 80 90 100 0 50 100 150 200 250 300

M, M,
* Monte Carlo Wyy sample split between ISR- and FSR-enhanced samples
— Clear distinction in m(l,v,y) vs. m(l,v) plane

 FSR diagrams dominate the cross section, but TGC and QGC appear
predominantly in ISR-enhanced sample

— Separation of MC signal important to guarantee that phase-space sensitive to
TGC and QGC is well sampled

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 18
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 Each cross section is |
measured in a fiducial region

— C,,,, corrects for efficiencies
an(ff geometric acceptance

* The fiducial region is defined
by cuts as similar as possible
to the analysis selection cuts

— This allows to minimize the

theory uncertainties on the
cross-section measurement

. Correction to Truth Level

Fiducial cuts

p-(l,y), n(ly)
m(ll), m-(I,v)

AR(l,y), AR(y,y)

#MC W/Z after analysis cuts data

on reconstructed quantities € data
& C “’lN reco‘ tngger . Creco

#MC W/Z after fiducial cuts V’)/’)/ »W h‘ MC

on truth quantities trut trlgger €reco

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 19
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“&ay  Candidate Selection — Wyy
PN
RyLb
« Analysis cuts enhance o X |N 1.l— N
. . obs bkg
the fraction of signal
events S 19.4 fb (8 TeV)
© - CMS ® Data
— Lepton transverse O 8 Preliminary I Wyy Signal
- - 1 Zyy
momentum o TF [ Other Multiboson
E’ 6 E— I jet—y fakes
L

— Lepton isolation

=== Total uncertainty

 Sum of energy in AR - Muon Channel
cone around lepton 4
— Photon transverse 3
momentum 2
— Transverse mass my 1
0l'.) 20 40 60 80 100 120 140

 Events surviving
selection are used to
measure cross section

7 1 : e — ]9l EIISS (1 coalds — o
— "Cut & count” analysis " \/- py - by (1 cos(¢y QE%W))

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 20
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© Candidate Selection — Zyy

%\\

4RYL
194 b (8 TeV) 194 b (8 TeV)
g °rems ¢ Data § tefcms A
~ ~reliminary C Freliminary
w  14f Czvy w0  16[ C12m
2 - RN [_] Other Multiboson P 1ab SN [_] Other Multiboson
S 12F [ jet—y fakes o - I jet >y fakes
D 4ok #E Total uncertainty o 12F S8 Total uncertainty
AR

SR Electron Channel 10 BN Muon Channel
= of
BE

ey i

4 4

2 2

% 20 40 60 80 100 120 140 % 20 40 60 80 100 120 140
P? [GeV] P? [GeV]

« Cleaner sample: requiring two well-reconstructed
leptons removes most backgrounds

« Main background: Z+jets where one (or two) jets are
reconstructed as a photon

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 21
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N Cross-Section Results
Rl
CMS Preliminary _ 19.4 fb (8 TeV)
Wryy () | . ° : | 1.26 = 0.37 (stat) = 0.46 (syst)
Zyy — q — 0.98 =0.10 (stat) = 0.14 (syst)
1 ] ] L L L ; 1 1 1 ] ] L L L L ] ] ] ] 1 | L
0.5 1 1.5 2 2.5

Cross Section Ratio o,/ op.00

» Putting together observation in data, background estimates,
and acceptance corrections, we obtain:

— 5@ (pp—Wyy) * B.R.(W—spv) = 6.0 1.8(t) 42 3(syst) 40, 2(umi) fh
— 5l (pp—Zyy) * B.R.(Z—ll) = 12.7 % 1.46t) + 1 8(sysh 40, 30umi) f

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 22
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N QGC Framework
TRyLN

- Effective Field Theory (EFT)
provides a method to express the

contribution of anomalous QGCto _ 194" (8 TeV)
the SM Lagrangian S O minary o
f; § 100F Eaﬁﬁggmn
L. = Loy + 2O+ ... oo 55, Dok, LTU - soTev”
dIQGC SRI ZZ: A4 ' 802_ ﬁfon Channel
« O, is a dimension-8 operator: it is the *F R ——
lowest order at which we can have a0k :
anomalous QGC without anomalous
TGC (not seen in data so far) 20
* Among the 14 operators that Of s
contribute to the WWyy vertex, our pel7 [GeV]
analysis is sensitive to five of them
— Largest sensitivity offered by Effect of anomalous QGC
events with leading photon stronger at high Q2:
consiracied in the GMS barre expect Improved sensitivity
calorimeter in 13TeV data analyses

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 23



QB SITy
O% NN\ o,

/4
4RYL§é

 Likelihood ratio used as

test statistic N

— Distributed as a y? with
one degree of freedom

 Expected limits indicate
how sensitive analysis Is
— They indicate which
limit we could set if data

agreed with SM
prediction

« Small excess over SM
prediction observed in
data

— Observed limits are
weaker than expected

) QGC Limits

o CMS preliminary 194 b (8 TeV)

observed
expected

40 —20 =t 20 40,
f, (TeV)

IStandard Model (almost) excluded at 1c!

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 24



Summary — o * B.R.

Definition of W+~ Fiducial Region

pr > 25GeV, 7] < 2.5
P > 25GeV, |n| < 2.5
Exactly one candidate muon and two candidate photons
mr(f,vs)) > 40 GeV
AR(~,7v) > 0.4 and AR(v,£) > 04

Definition of Z~~ Fiducial Region

pr > 15GeV, 7] < 2.5
ph > 10GeV, nf| < 2.5
Exactly two candidate leptons and two candidate photons
lead p4 > 20 GeV
Mgy > 40 GeV
AR(v,v) > 04, AR(v,£) > 0.4, and AR({£,£) > 0.4

o(fid. ep)(\Wyy) e B.R. =6.0£1.8+2.3+0.2 fb

First at

olfid. exp)(Zyy) e B.R. = 12.7+1.441.8+0.3 fp «—| hadronic
collider!

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 25
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) Summary —aQGC
é
RYLB
Expected Limits ( TeV %) ’ Expec_ted Iimi_t‘_s _
R f 311 — Define sensitivity of
le analysis
0.9 f\ <O » Observed limits
—83.2 < £ < 83.2 Worse th ted
B fm — an expecte
623 < f < 603 due to up fluctuation of
—1080 < &2 < 1110

data yield vs. prediction

Observed Limits ( TeV %)
—37.5 < L < 38.1

« Comparison with other
measurements (f;o/A%):

—46.1 < le < 46.9 — Wyy (ATLAS): (-16,16)
~103 < ;j;f? < 103 — WVy: (-25, 24)

=751 < M <729 — Zy—WW: (-3.8,3.4)
—1290 < L3 < 1340

Note: CMS Wyy uses only muon channel

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 26



Calorimetry in 2025-2035
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Q 2
e N HCAL Agein
Bt A geing
* The CMS Hadronic o
calorimeter uses plastic 1, EAE prakmingsy
scintillator as active BN o SR SR

material o N,

— It is know that radiation § e e
breaks the plasticand s °° 2 IS
creates “color centers” %] o ivzss “rtocet.oussmazore |5 | 1|1
which absorb scintillation | =& sses vt
| |g ht 0.1/] :z: Kur gzx::;mzz ™ ? i

 The crucial questionis: &« W e g
how long will it take the A

HCAL to become dark? After an irradiation of 10krad,

— The lesson from 2012 we see the light-yield
data: shorter than it was reduction predicted for 1Mrad
originally thought

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 28
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* An organic scintillator is typically
composed of three parts
— A polymer base (typically PVT,
polystyrene, or Silicon-based materials)
— A primary dopant (~1%)
— A secondary dopant (~0.05%)

« Particles excite the base, the
excitation of the base can migrate to
the primary dopant, producing
detectable light

— In crystals, excitons transfer the energy;
in liquids, solvent-solvent interactions
and collisions

« The secondary dopant shifts the light
to longer wavelengths, to make it
more easily detected

— Maximize the overlap with the
wavelength range at which
photodetectors are most efficient

4/20/2016 A. Belloni ::

5 How does a Scintillator work?

Ionization excitation of base plastic

base plastic

10~8m | | Forster energy transfer
primary fluor
~1% wt/wt
emit UV, ~340 nm (~1% wi/wt )
10~*m y
absorb UV photon secondary fluor
: (~0.05% wt/wt )
emit blue, ~400 nm
1m Y

absorb blue Photon

photodetector

Effects of radiation:

» Breaks polymer chains and create radicals
that absorb UV light

« Damages fluors, reducing their ability to shift
light to longer wavelengths

Some parameters to model radiation damage
* Presence of oxygen

« Total irradiation dose and dose rate

« Temperature of irradiation

HEP Seminar - University of Virginia 29



- Upgrade Timeline

S
RyLM
High
LHC / HL-LHC Plan e
L LHC
Run 1 | | Run 2 | |
LS1 EYETS 14 TeV 14 TeV
] 13-14TeV energy
li lidati ini o -
7 TeV 8 Tev sg“l‘i::::ﬁ?"l‘;:’:n lm:rc;:rPuo}i,gﬂde ﬂg’;‘ggﬁm HL-LHC installation Igtlnji?nalll
R2E project Civil Eng. P1-P5 reqions uminosity

2011 2013 2014 2015 2016 2017 2018 2019 2021 2024 2025 2026

radiation
damage
) ) 2 x nominal luminosity N i
75% experiment nominal luminosity | | | experimentupgrade | | — 1 experiment upgrade
nominal beam pipes phase 1 phase 2

luminosity |

" o= -
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* Identify candidate materials offering
Improved radiation tolerance

— Tune dopant concentration
— Emit at a longer wavelength
 [rradiate materials in different

environment, at different total doses
and dose rates

— Radioactive sources (Co-60, Cs-137)
— LHC beam halo
« Measure light yield with different

methods

— Spectrofluorometers, cosmic rays, UMD Co0-60 source
radioactive sources (Pu-239: a

source)

* Map light-yield reduction as a
function of multiple parameters
— O, concentration; total dose; dose

rate; temperature; dopant
concentration...

4/20/2016

Irradiated plastic scintillator vs. new

A. Belloni :: HEP Seminar - University of Virginia
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Oé a Om
&) Spectrofluorometry
) S
TRYLAS _ _
« EXcite primary dopant » EXcite secondary dopant
— 4051'0"|""|-'--|'---|--' f':~5000x10|---|--'|-'-|'--|-'-|---|-
o - Agyet = 285 NM . o B Agyet = 400 NM .
%“ 35 E_ EJ-200SP 1p (£ 60 °) _E % 5000 :_ EJ-200SP 1p (£ 60 °) _:
c N . c — ]
"qé 30 :_ MNon-irr. _: "qé : MNon-irr. :
3 o5 - —___ 3Mrad@10 krad/hr = 3 4000 —___ 3Mrad@10 krad/hr ]
CICJ - 59 days aft irr. . CICJ - 59 days aft irr. -
% = 3 Mrad@500 krad/hr ] % B 3 Mrad@500 krad/hr n
o 20— T 44 days aftir. — @ 30001 T 44 days aftim. —
o = _ o =
3 . ] 3 .
© 15 —] © ]
2 — 3 2 2000— —
o - - m i ]
CQCJ 10 — = cqc') B ]
- . 1000— —
SE — B ]
0 I I I I 3 0 L 1 I | I I | -
. 1 — 1
o lT_ 1 .05 ot lT_
= g 1 W = g 0.9
c c
- 0.95 s Aoy P ﬂqn'm@" w08
© 0.9 it el A i o
T , . . . T . . . . . . \
c 085 350 00 450 500 550 © 07350 440 460 480 500 520 540
Wavelength (nm) Wavelength (nm)

« Promising technique to understand effect of radiation on material
— One can excite separately dopants

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 32
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F:Ii lDE ----------------------- Dark Currant
— . lD? ET-ZDOSPF 1P (Bon-irradiatad)
4 o source =
T = : - 105 ET-Z00SP 1P (3 Mrade 10 krad/hr; 3B days aft. irr.)
" o8 ‘ = - 5 ET-Z00SP 1P (3 Mrade 500 krad/hr; IS5 days aft. irr.]
\ = 10
Lo ‘ \\‘;J N - e
.. C ] : 10% it
Scintillator ¥ = ‘ Py e s
, N Rl = Sl Poif e
: : 3 - |= .u-, =

102 3 g

i b b
10t iEE

1E

lﬂ_lg |IIII|IIII|III_.E -Elélllléllllll

-1 0 1 2 3 4 5 6 7 8

Energy [VXns]

Compare irradiation of same type of
scintillator at different dose rates

The lower the dose rate,
the higher the damage

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 33
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18 56
y>  Input to CMS Ageing Model
K
ARy LN
Light-Yield(dose) ~ exp(-dose/Dose Constant) CMS Hadronic Endcap Calorimeter
— 10°E
8 ; v UMD Castor (EJ-200 1X) : g:::m:::::::t; L|ght Y|e|d (500/fb)/|_|ght Y|e|d(0/fb)
é B O uubc:::::emso] } E ::::,::'-.I:;;a T 1 )
E 102:—~ Fay UMD Co-60 (EJ-2005P 1P) 5 :.::::?15 0 9 e
< S 8] UMD Co-60 (EJ-200SP 2P) . O
Q(TJ - O UMD Co-60 (EJ-260-1X1P) 6 0 8 o
b - o UMD Co-60 (EJ-260-1X1P; low oxygen) % i ; E . w0
o A UMD Co-60 (EJ-260-4X4P) : o : —
O 10 | A UMD Co-60 (EJ-260-4X4P; low oxygen) .. S §.' g 07 ]
()} B A UMD Co-60 (EJ-200 1X) v v =
« - e} UMD Co-60 (EJ-200 2X) 06 ©
] ; ©
1k i ________ 0.5 5,
= 04 '@
; ‘.5-5 03 2
1071 B 02
E a4 : 9
: 0.1
10— LLIIL] L L1l B EEEITI Ll Ll Ll Ll L L 11l | NI — 0
104 10° 102 10" 1 102 10° 0 2 4 6 8 10 12 14 16
Dose rate (krad/hr) Layer

Measurements in laboratory : . Response maps for different
. o Detector simulation is tuned . .
indicate how fast radiation : materials, environmental

to reproduce the " .
damage proceeds as a conditions, beam conditions
: dose/dose-rate-dependent
function of dose, dose-rate : ) can be produced, and used to
: damage on calorimeter tiles .
(shown), environment steer the upgrade decisions

4/20/2016 A. Belloni :: HEP Seminar - University of Virginia 34
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Concluded (?) 8TeV precision measurements
— First observation of Zyy at hadronic collider

* Already enough data to look for rare processes

— Electroweak cross-section measurements spanning almost
seven orders of magnitude

* Very exciting R&D program to define calorimeters for
the next decade(s)

— First round at systematic study of radiation damage as a
function of environment and material characteristics

* Ready to catch any new physics
— Started collecting more statistics at 13TeV
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Backup
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First pp Collisions In 2009!

Dlsclalmer thls is the ATLAS control room..
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Current aQGC Limits

Mar 2016 MS I:' Mar 2016 CMS —
s Channe| Limits ILdt Is ATLAS Channel Limits ILdt Vs
fino 7A° [ | Wvy [-7.7e+01,8.1e+01] 19.3fb" 8TeV - ;
Zy [7.1e+01, 7.5e+01] 19.7fb" 8TeV frg /A I | Wryy [-3.8e+01, 3.8e+01] 19.4fb" 8TeV
——A Wy [-7.7e+01, 7.4e+01] 19.7fb' 8 TeV L | Wyy [-1.6e+01, 1.6e+01] 20.3fb" 8TeV
k-1 ss WW [-3.3e+01,3.2e+01] 19.4fb' 8TeV [T | Wvy [-2.5e+01, 2.4e+01] 19.3fb" 8TeV
14 yYy—=WW  [-1.5e+01, 1.5e+01] 5.1 fb"' 7 TeV 7 3.86+00. 3.46+00 4 g TeV
! YYOWW  [4.60+00, 4.66+00] 197 fb' 8TeV — U [:3.8+00, 3.46+00] 19.7fb" 8Te
fy /AT [R—— I Wvy [[1.3e+02, 1.2e+02] 19.3fb" 8TeV =1 Wy [5.4e+00, 5.8e+00] 19.7 fb" 8TeV
5\7 {-1-96+02, 1-Be+02} 19.7fb': 8 TeV Foeel ssWW  [4.2e+00, 4.6e+00] 19.4fb" 8TeV
¥ -1.2e+02, 1.3e+02] 19.7 fb" 8 TeV . X | 3 1
SWW  [446:01 476:01] 194" 8ToV fr /A ! I Wyy [-4.6e+01, 4.7e+01] 19.4 fb1 8 TeV
Yy-WW  [-5.7e+01,5.7e+01] 515" 7 TeV i Zy [-4.4e+00, 4.4e+00] 19.7fb" 8TeV
YY-WW  [1.7e+01, 1.7e+01] 19.7fb‘: 8 TeV — Wy [-3.76+00, 4.0e+00] 19.7fb" 8TeV
fuz /A° Wiy [-2.56+02,2.56+02]  20.3fb 8 TeV b -2.1e+00, 2.4+00 1 8 TeV
[ Zy [-3.2e+01,3.1e+01] 19.7fb' 8TeV . ss WW L : I 194 fb_1
— Wy [-2.6e+01, 2.6e+01] 19.7fb" 8TeV frp /A — Zy [-9.9e+00, 9.0e+00] 19.7fb' 8 TeV
fua /AT I i Wryy [-4.7e+02, 4.4¢+02] 20.3fb" 8 TeV =l Wy [-1.1e+01, 1.2e+01] 19.71b" 8 TeV
— 5\}( [-i-§e+81 ) i-img:] 19.7 fb': 8 $e\\‘lf [A— ss WW [-5.9e+00, 7.1e+00] 19.4fb" 8TeV
— ¥ -4.3e+01, 4.4e+ 19.7fb" 8Te 2 3 3
WS — Wy 4.00+01. 4.00+01]  19.7fo" 8 TeV frg /A i Wy [-3.8e+00, 3.8e+00] 19.7fb" 8TeV
fiys /AT ——1I Wy -6.5e+01, 6.5e+01] 19.7ib' 8TeV frg /At H Wy [-2.8e+00, 3.0e+00] 19.7fb' 8TeV
fie A° ———— Wy -1.3e+02, 1.3e+02 19.7fb‘: 8 TeV fro /A —— Wy [-7.3e+00, 7.7+00] 19.7fb" 8TeV
PR ssWW  [6.5e+01,6.3e+01] 194" 8TeV A z -1 1 !
A F——— Wy [166+02,1.6+02] 19.7fb" 8TeV Ol & ! [1.80+00, 1804001 19.7fb" BTeV
‘ I---‘---I | 55 WW [_7_?e+01 , 6.6e+01] 1‘94 o' 8TeV fro /A | |T| | Zy [-4.0e+00, 4.0e+00] 19.7fb" 8TeV
L | | L | | L | | L | | L | | L | | | | L | | L | | | L | | | | L | | | |
-500 0 500 1000 1500 . -50 0 50 100 150 .
aQGC Limits @95% C.L. [TeV*| aQGC Limits @95% C.L. [TeV*|

Fu /A% [, /A%
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