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Outline

A SM measurements at the LHC

I Status of the SM

AEWKmeasurements
Atop-quark related measurements

I Results at 7,8 and some new at 18V

ABSM at LHC

I Lessons from RUN 1

I What to expect at RUN2 at 1BeVand with 100
fb-1/ experiment
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Four main results from LHBun-l

1) We haveonsolidatedthe Standard Model

(wealth of measurements at 8 TeV, including therare B,A { tdecay,very
sensitive toNew Physics)

A EO xI OEO " %! 54) &5, , 9 8

2) We havecompleted the Standard Model: Discovery of the

messengerof the BEHfield, the Higgs boson discovery
(over 50 years of theoretical and experimental efforts !)

3) We found interesting properties of the hot dense matter

4) We haveno evidence of newphysics (YET)

R.Heuer, CERN school last week.
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July 14" Seminar

S[B Weighted Mass Distribution

l"'t.ll.i""l 1 TAICIESY S IO ‘a1l

=

= Sum of mass distributions for each event class, weighted by S/B
= Bisintegral of background model over a constant signal fraction interval

:EEDUD :_ CMS Preliminary —e— S/B Weighted Data
- _ _ -1 S4B Fit
51800 :_ :z : ; IZE II: : g; :21 ------ Bkg Fit Compenent
«©1600 o — iy

g 20
1400

J. Incandela for the CMS COLLABORATION

co
o
o
TTT [T TT T T O ]JTOT[ITTT [T IO ORI I
I I I I I I |-

The Status of the Higgs Search
Weighted Eve

| j ! | | 1 j | |
0 120 140
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Evolution of the excess with time

o | AL L I | T EL T l LR | B B R R L | R L ) IELEEE 3 | EBF R B
o {s =7 TeV (2011), [Ldt=4.8 fb"
@ 1 ATLAS {s =8 TeV (2012), [Ldt=5.9 fb"
Q = AN P i
I T s oy L 1o

Yo sn
Tl o 3 o e 60D W O 1 e \ ——— P ) oo non el
— ~
'.5:;‘~ -

10-3 """"""""""""""""" \~ 30
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107F p o
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The BEH scalar (ak&Higgs bosorm)

T T T ] T T T T I T T T T I T T T T I T T T T T T T T I T T T T I T
ATLAS and CMS —— Total Stat. = Syst.
LHC Run 1 Total  Stat. Syst.
\ ATLAS H—yy p———— 126.02 £ 0.51 (+0.43 +0.27) GeV
CMS H—yy —— 124.70 £ 0.34 (£ 0.31+ 0.15) GeV
ATLAS H—ZZ—4l | —— 12451+ 0.52 (£ 0.52 £ 0.04) GeV
CMS H—ZZ -4l P 125,59 +0.45 (£ 0.42 £ 0.17) GeV
ATLAS+CMS yy HEIH 125.07 £0.29 (£ 0.25 £ 0.14) GeV
ATLAS+CMS 41 I—}E—| 125.15 £ 0.40 ( £ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l l—?—l 125.09 +£ 0.24 ( £0.21 £ 0.11) GeV
1 L I 1 L 1 L I 1 1 1 1 I L 1 I L 1 L I L L 1 L I L 1 L 1 I 1 L
123 124 125 126 127 128 129
A ~ ] my, [GeV]
900Ss O0O0OSs 10, 11 ttal ks st ar
, ’ , | ] I i TR T T LU \| T T T ‘ b T & | - T T J.
. , E | ATLASand CMS . HH?ZI' ]
— HZZ—, 7
know everything é& ex | =t |
g . = - e ]

at. only tncert.

¢ @p t

M, =125.09t 0.24GeV
=125.09t 0.21(stat) £0.11(syst) GeV :
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A scalar, beyondYeasonable doubts

g gVW, ZZ modes

ATLAS
Vs=8TeV, 203"
H — WwW*, n= 0, en

Arbitrary units
o
N
on

I R
— Background

— f=0

J =27k =k,
P =2k =05k =1
Jp=2*,kg=1,kq=0

200

CMS 19.4 o™ (8 TeV) + 4.9 " (7 TeV)
> T — T
> L _ ]
) eu 0-jet ¢+ Observed
S 600 } — SM .
] o I = - feV=04 |
- @ v i
. A I Top
= Q 400 I WiZ+jets
] L L
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1.5

2 2.5

0 50 100 150 200
m, (GeV)
120 CMS X = ZZ + WW 19.7 b7 (8 TeV) + 5.1 fb" (7 TeV)
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— 100} mo':tc WSl
.8600'””" —— — : : - % 80 0" 26 W t20
- EATLAS + Data — Expisyst
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£ 400| [ wsjet [l Othervv
@ ]
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w —
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Excluded at 9% CL
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Is the new particle a Higgs bosof
ATLAS and CMS have verified theo (ingerprintso

1) Toaccomplish its jol(providing mass)
it interacts with other particles (in particular W, 2)
with strength proportional to their masses

19767 (8 TeV) + 5.1 15 (7 TeV)
m_'_ﬁ_rm_'_'_ﬁ_rrﬂ'l_'_'_'_r”—rrl_'_r [TT] T T T TTITTT T T T T T T T T T 7]

ATLAS - CMS

s=7TeV, 4547 5"

t
1

L1 |\|\|;l‘"

Vi
s = 8 TeV, 20.3 i’ A

== 658% CL
—95% CL
---SM Higgs

— Observed
--- SM Expected

It completes the Standard Model (M, g) fit
L = 68% CL

] thus describing 5% of the Universe S _QE’EC'I‘ n

107! 10 10 - 10 100
Particle mass [GeV] Particle mass (GeV)

b2y ithas spind, it is represéting &' scalaffieldnasa

[ T T TTTTT
+




All results in agreement with SM

Fitting the 5 maintree All vector and

level coupling modifiers + . :
[, andresolvingall the fermion couplings

loops. scaled by[, and [~
E>|> _[II]] T T 1II[II[ T T T TTTTT T IIII11| T ] !I.I_ ﬁl o | LI I L ‘ L | L | T 1T | T I7
|£ L ATLAS and CMS t,@ 1.6~ ATLAS and CMS o
~ LHC Run 1 Preliminary Z.-3 3 i LHC, R,un 1 i
o - A& ] 1.4 Preliminary -~ —
w i W 7 i i
= |>- -1 — Observed ‘ —
o 10 SR SM Higgs boson : 1.2 -
102k e = * E
: At : :
- T ] 0.8 o
- ' b . i
-3 | B
10 - M Within current precision 3 0.6|- ] ATLAS *
C Higgs couplings scale ] | xSM  —68% CL []cMms 1
i with particle masses ] 0.4~ + Bestfit --95% CL [CJATLAS+CMS
10_4 = —: 1111 | | I | I I I | ‘ I | | I | I | | | |
= ||I| 1 1 1 II|| 1 L1 II|||| 1 1 ||III| - 0-7 0-8 0-9 1 1-1 1-2 1-3 1-4
10™ 1 10 10° Ky

Particle mass [GeV]
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July 2015 CMS Preliminary

& 7 TeV CMS measurement (L < 5.0 fb™)

¢ 8 TeV CMS measurement (L < 19.6 fb™)
i of P i i b i — 7 TeV Theory prediction

el 0 i — 8 TeV Theory prediction

Q ) “. CMS 95%CL limit

e
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Production Cross Section, o [pb]
o

107"

1072

1 0 | w | 4 | Wy | Zy |WW | WZ | zz |Eg\\:\' | Eg\z’ |K’\I\: |SE""V‘\’,W | WVy | tt | teen | tw | toen | tty | Hw | 174 | ggH | gc?l-li | VH | tH |
All results at: http://cern.ch/go/pNj7 Wb, 21l 1=eu Th. Aoy, in exp. Ao
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Standard Model Production Cross Section Measurements  siius: varch 2015

o 10M N
ol 80 ub ! ATLAS Preliminary
b 10°= 0.1<pr<2Tev Run 1 \/_ =7,8TeV
e @
10 03 LT LHC pp s =7 TeV LHC pp 5 =8 TeV
B Theory Theory
104 anO _ _
o Observed 45-491fb" Observed 203 b
p
103 E nj=1 nj=0 =
- =o= 35pb~! .
B nj-22 -&:{_ﬁx- 1
102 E wOn _n;g_1_ ' o A ol
E I‘Ij23 “ yyl“ 1 fb—l
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10* 3 n >4 . 20107 HaWW Loy v
: N RSN A
F —ﬂ—§25 B a0
1 3 e njz4 326 H—7r M '_':‘I"_'
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101 e |
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i KN H—=yy |
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10 e’ n;>7 :
H—=ZZ—4¢ :
i I
103 i
1

PP Jets Dijets W Z tt tcan WW 7Y Wt H WZ ZZ Wy "gv""‘f Zy tIW ttZ tty Zjj Wyy w=wits_chan

R=0.4 R=0.4 y4 EWK EWK
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y'<3.0 semilept. njet=0
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Where have all the
New Physics sighatures gone?

A Solutions to the hproblem > signatures

A All solutions demand the presence of new particles
I More Higgs bosons; SUSY partners; New W/Z bosons; new T, [
i Once we speak of th&allowabled: evenOvector-Like Quark®
A Searches for new physics: main path has been the search
for these (highermass) states

I In the beginning inclusively; as time goes by and searches come
in empty-handed, askQvhat/howo6 would have escaped?

A And then tune analyses and go after specific signatures
A Broadly speaking, five categories of searches:
I Searches for new resonances
I Non-resonant: searches for SUSY (exemplified by MET)
I Extending SUSYike signatures: Dark Matter searches
I Deviations from the QCD+EWK predictions (compositeness)
i Exotica (e.g. longlived Gstuff 0)

September2015 Javier Cuevas, TAE15 Benasque 12
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SUSY Summary
« SUSY discovery (should be) easy and fast

+ Expect very large yield of events in clean signatures (dilepton,
diphoton).

« Establishing mass scale is also easy (M.x)

« Squarks and gluinos can be discovered over very
large range in SUGRA space (M,,M,,)~(2,1)TeV
« Discovery of charginos/neutralinos depends on model
+ Sleptons difficult if mass > 300 GeV
+ Evaluation of new benchmarks (given LEP, cosmology etc) in
progress
« Measurements: mass differences from edges, squark
and gluino masses from combinatorics

« Can extract SYSY parameters with ~(1-10)% accuracy

September 2015 Javier Cuevas, TAED15 Benasque 13



Events / 50 GeV

Data/ SM

ATLAS SUSY Searches*

RunlResults

5jet TR
(no upper E™)
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=sx=x gg 1-step, m(g, E:‘ B:):
(1025, 545, 65) GeV/

ks

N

%

1=,./. #

o

200 250 300 350 400 450 500

- 95% CL Lower Limits

E"r“s [Ge\4

ATLAS Preliminary

Status: July 201 Vs=7,8TeV
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Post- Higgsdiscovery-> LHC run 2

A Good reasons to expect more

I We have really just begun the
searches

I Much space has yet to be accessed

I And there are important new physics
models yet-to-be invented
A Precision and rare physics

I Beyond our direct production reach

A LHC is also a supeitensity frontier
machine

A Investment is critical
i Powerful detectors, triggers,
computing
A A sustained period of important results
A And practical applications

A The LHC is the only Higgsand top,

Z, W8 factory on the planet for
many years to come!
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LHC roadmap B Physics

LS2 starting in2019 => 24 months + 3 months BC Bl sShutdown
LS3 LHC: starting in 2024 => 30months + 3 months BC _E;:::;izzr:gss'onmg
Injectors: in 2025 => 13 months + 3 months BC ] P

2015 2016 2017 2018 2019 2020 2021'

LHC 5 ]
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S2 . .
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Some of the physicistgargon
A#01 OO OAAOEITT j &
i ! T AAOOOA 1T &2 OAFAOANGASs AUS T A& OEA
I Units: barns (168 m?)
I Typicalvalues:.femtobarns (fb), picobarns(pb)
A Luminosity (L)

I Or instantaneous luminosity
i Al AAOOOA 1 AEOAINIOIAE @A®IGT O
i Typicalat LHC: L = 20cm?s?
| i, C M

A Integratedi Of ET T OEd)U
A measure of number of accumulated collisions after a certdime

%8Ca00MbL EA

O

|
period
I Units: (cross section 18 8
I Typicalat LHC: fewfb
A Number of events (N)
I Numberof (expected) events (N) after a certain time ofunning
I NC KA ¢

17
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Uncertaintiesin physicsmeasurements

The sources of uncertainty in measurement®:

e 6 o o

]

Incomplete definition of the measurand; or its imperfect realization
Non-representative sampling

inadequate knowledge of the effects of environmental conditions; or imperfect
measurements of these conditions

Personal bias in reading instruments
Finite instrument resolution
Inexact values of measurement standards and reference materials

Inexact values of constants and other parameters obtained from external
sources and used in the data-reduction algorithm

Approximations and assumptions incorporated in the measurement
procedure

Variations of repeated observations of the measurand under apparently
identical conditions

9Adapted from the The International Organization for Standardization (1SO) Guide to the
Expression of Uncertainty in Measurement.
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GDptimald presentation of (search results

Optimal presentation of search results has some desired properties'®:

@ Uncertainties due to systematic effects should be included in a clear
and consistent way.

o Often it is useful to quote the statistical and systematical error separately, e.g.
c=45+4+1 mb.

@ The result should summarize completely the experiment; so that no extra
information should be required for further analysis.

@ Results should be easily turned into probabilistic statements.

@ Analysis should be transparent, and result should be stated in such a way
that it cannot be misleading. The presentation of the result should not
depend on the particular application.

o If possible full pdf-distributions and even data sets can be attached
into analysis results.

@ In unified approach to data analysis, the transitions between exclusion,
observation, discovery, and measurement are kept as small as possible.

10 Adapted from F. James, Workshop on Confidence Limits, CERN-2000-005, 2000.

September2015 Javier Cuevas, TAE15 Benasque 19



Measurements vs predictions

Predictions/Simulation Measurements

Tools: MC generators (PYTHIA, ...) Tools: Accelerator (LHC, Tevatron...)
Output: final state particles Output: final state particles

Y- LF

Detector simulation

Tools: MC simulators (GEANT) Tools: Detectors (CMS, ATLAS,...)
Output: simulated detector response Output: detector response

<+ .

Event reconstruction
Tools: Detectors’ software packages (custom made; MC used in algorithms)
OQulput: reconstructed physical objects (electrons, muons, jets ...)

Tools: Statistics (ROQT, ...; MCused in algorithms; f.g. Toy MC)

Output: new knowledge (parameter/interval estimates, hypothesis tests, article, talks ...)

September 2015 Javier Cuevas, TAE 2015, Benasque 20



GENERAL ANALYSIS FLOW

| ‘
[ DETECTOR & TRIGGER i SIMULATION

| SEr— i
. Centrally produced !

' o
|| : “
f{ RECONSTRUCTION ﬁ by the collaboration RECONSTRUCTION

p—— -

.

DATA QUALITY

i

' | PHYSICS ANALYSIS Prodyced by
) analysis teams,

‘ ranging in size

COMPARE EXPERIMENT and THEORY

PHYSICS ANALYSIS

-_.
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Reality @ Experiment

0x01e84c¢10:
0x01e84c20:
0x01e84¢30:
0x01e84c40:
0x01e84c¢50:
0x01e84c60:
0x01e84¢70:
0x01e84c¢80:
0x01e84c¢90:
0x01e84cal:
0x01e84cb0:
0x01e84cc0:
0x01e84¢d0:
0x01e84ce0:

0x01e84cf0:

0x01e84d00:
0x01e84d10:
0x01e84d20:
0x01e84d30:
0x01e84d40:
0x01e84d50:
0x01e84d60:
0x01e84d70:
0x01e84d80:
0x01e84d90:

0x01e8 0x8848 0x01e8 0x83d8 0x6¢73 0x6f72 0x7400 0x0000
0x0000 0x0019 0x0000 0x0000 0x01e8 0x4d08 0x01e8 0x5b7c
0x01e8 0x87¢8 0x01e8 0x8458 0x7061 0x636b 0x6167 0x6500
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8788 0x01e8 0x8498 0x7072 0x6f63 0x0000 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8824 0x01e8 0x84d8 0x7265 0x6765 0x7870 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8838 0x01e8 0x8518 0x7265 0x6773 0x7562 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7¢
0x01e8 0x8818 0x01e8 0x8558 0x7265 0x6e61 0x6d65 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8798 0x01e8 0x8598 0x7265 0x7475 0x726e 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x87ec 0x01e8 0x85d8 0x7363 0x616e 0x0000 0x0000

0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x87e8 0x01e8 0x8618 0x7365 0x7400 0x0000 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x87a8 0x01e8 0x8658 0x7370 0x6¢69 0x7400 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8854 0x01e8 0x8698 0x7374 0x7269 0x6e67 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x875¢c 0x01e8 0x86d8 0x7375 0x6273 0x7400 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x87¢0 0x01e8 0x8718 0x7377 0x6974 0x6368 0x0000
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Make sense of these numbers through

data abstraction based on physics

_LWW WY

1 w
: 1B, B

+Ry" (i0, — ¢’ B,) R

+LAH (,'(')l“ — y%‘r - W, — y’%fﬂ,) L {

—(G1LOR + GoLo-R + h.c.)

W=, Z, v kinetic
energies and
self-interactions

lepton and quark
kinetic energies
and their
interactions with
W=7~

W=, Z,~and
Higgs masses
and couplings

lepton and quark
masses and
coupling to Higgs

L ... left-handed fermion ([ or g) doublet

R ... right-handed fermion singlet

L from QCD: 1
C f] (';AI“(.);; — ,”) qg—q ((?ﬂfl”’l:lq)(;:'l — —](::“(;:‘:V
D Y —— S—
N, !
Exin(q) Interaction . Exin(8)
q,g includes

self-interaction
between gluons
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IMPORTANT FIGURES OF MERIT:

how often do | tracking efficiency = ; 094,._—.——+—i
& | we reconstruct | (number of reconstructed E N e
E, the object tracks) / (number of true : o7k Amas
O tracks) € osf :
E s 0.55_ —+— Minimum Bias MC _
W W e
p, [GeV]
e | how energy resolution = febaas A1 | Good
;g accurately do | (measured energy — true 53 i
% we reconstruct | energy) / (true energy)
@ | the quantity o
14 B N T B
how often we | a jet faking an electron, s ] |Low
@ | reconstruct a | fake rate = (Number of jets 035 I
© | different object | reconstructed as an ++
2 | as the object | electron) / (Number of jets) 0012 Hy + +++ b g f# t
T weare o_?,;?”' S
interested in T s
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When wee see something interesting

A Is it somethingnew?

A Orit can beexplained withwhat we already
know ?

A What does it mean for oufnstruments?

I Weneed to calibratethem
A By measuringsomething we know verywell

I Thenwhen we seesomethinginteresting ->chances
that it Is something new aremuch larger

A With respect to chances that i& a simplebug

A Be aware:
I we will never beabsolutelysure
I Butwe can bepretty sure
i What does theQpretty 6 really mean?
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Theboson

A Landmark discovery of boson X(125) marks thirt
of long-awaited new research line in the field of
particle physics.

I A good candidate for the first fundamental scalar!

I Is it the longsought Higgs boson of the (minimal)
Standard Model?

I Is It responsible for EWSB? (i.e. Is It the excitation of a
OAAI AO ZEZEAT A xEOE O 23 Pe

I Does it cure the divergence of SM amplitudes at high E
(W W > W W, 8 q

I Is it embedded into a larger notsM Higgs sector?

I Does it provide a window to BSM physics?

A Study the particle with all possible means at LHC



Integrated Luminosity20162012

CMS Integrated Luminosity, pp

A 2010: 0.04 fbt
25 Vi =7TeV
Commissioning

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

w2010, 7 TeV, 44.2 pb !
w2011, 7 TeV, 6.1 b’
— 2012, 8 TeV, 23.3 b '

120

A 2011: 6.1 fbt
Vi =7TeV
é exploring the limits

15

115

10+ 110

[s A 2012: 23 fbt

x 100
y Ji =8TeV
0 J ‘ ‘ l ' ' 0 € production
\\
R PN RS N S S APCLY PR e Ly
Date (UTC)

Total Integrated Luminosity (fb ')

The LH®erformed incrediblywell (even better than expected)an this is possible
thanks to the quality of the design construction and installationand to the thorough
preparation in the injectorswhich were deliveringbeams well beyond nominal

parameters
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Integrated luminosity for all:2012vs2011

2011target waslfb, ~6 obtained 2012 target was1520fb% ~23obtained
. LHC 2011 RUN (3.5 TeV/beam) - LHC 2012 RUN (4 TeV/beam)
—o— ATLAS 5.626 fb~" —o— ATLAS 23.269 fb!
T gll-a- cms 6136 ] 3 - CMS 23269 fb"!
= —o— LHCb 1.217 fb! £ 50 ll—o— LHCb2.192 fb™! |
2 5|0~ AUCE4.877 pb” Z —o— ALICE 9.678 pb~'
§ [ PRELIMINARY 1 § PRELIMINARY
5 al | g 15+ 1
o o
3 g
T | | ©
@ ’ 2 10 1
= £
© 2F i 5
g 9
s S 5T 1
o 1 1 [
=) 0
0 —— e S L o e 0 f e
Mar Apr May Jun Jul Aug Sep Oct Mar AprMay Jun Jul AugSep Oct Nov Dec Jan
Month in 2011 Month in 2012
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LHC in 20120112012

FraCtI O n Of del Ive red CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV

d ata u Sed fo r p hyS I CS Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC
25 . . . . . ‘ ——25
T‘" I LHC Delivered: 23.30 !
) [ CMS Recorded: 21.79 b !
p p 20 1 18 7% > 20}/ CMS Validated: 20.65 ' 120
et
§ CMS Preliminary
. ‘E 15| 115
pp 201289% :
-l
°
@
. . + 10+ 110
CMS Integrated Luminosity, pp, 2011, Vs = 7 TeV ©
=]
Data included from 2011-03-13 17:00 to 2011-10-30 16:09 UTC s
7 ‘ ‘ ‘ ‘ 7 £ s| 15
= ./ [ LHC Delivered: 6.13 b ! -
6 [ CMS Recorded: 5.55 b ! 6 g
2 CMS Validated: 5.32 b ' = ol ‘ . . . . . J . 0
= \
§ 5/ CMS Preliminary 15 KRN T AL e
£ Date (UTC)
S af 1a
-
°
83} 13
s
9 2} . .
Analyses presented in this talk:
T 1 11
3 -1
g ) L <5.Ib*at 7 TeV

™ X

L <19.6fblat 8 TeV

Date (UTC)

e
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13TeVdata

ATLAS integrated luminosity at s =13
| Tev
g8 - ATLAS Online Luminosity  /s=13Tev
= " [ LHC Delivered ]
§ 400; [_] ATLAS Recorded ]
% | Total Delivered: 363 pb"'
%‘ 300~ Total Recorded: 319 pb’
ot L
£ - .
5 - i B field
é’ 200:— CMS: partly (,_,250 pb) without
s with cryogenics
|‘_,§ 100 due to issue y
- : ening
- N la since Tuesday eV
22/05 21/06 19/0 At 3‘8 =
. n!
Let’s hope it will stay up from now O
IR\ »:-'7//
. : \ N— % Reconstruction ooy
o // o 0.06} «:eeees neutrals PU
‘ / Improvements, 5|
Detector EgPUPPI (pileup %
Improvements: / < per particle =
[B ] > . [ .~ . . e .
s F = = : identification):
N 4 \N\\
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