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Caveat

e This is intended as a “teaser” for the
rest of the week’s talks related to
pileup

e There is a plethora of quantitative

information coming your way, this will
only “guide the eye”
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Luminosity in Run 1 BOOST

CMS peak interactions per crossing, pp

Data included from 2010-03-30 00:00 to 2012-12-16 20:50 UTC
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CMS peak interactions per crossing, pp

Data included from 2010-03-30 00:00 to 2012-12-16 20:50 UTC
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CMS peak interactions per crossing, pp

Data included from 2010-03-30 00:00 to 2012-12-16 20:50 UTC
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CMS peak interactions per crossingv\\,\ L Sa

Data included from 2010-03-30 00:00 to 2012-
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Luminosity in Run 3 BOOST i1

2012 Pileup HL-LHC Pileup

Olympus Mons
!

San Francisco Peaks
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Luminosity in Run 3

2012 Pileup HL-LHC Pileup

Olympus Mons

San Francisco Peaks
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How did we manage?

e Detector-level selections
e Jet areas

¢ Tracking information

e Jet shapes

e Grooming
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Selections BOOST

Reduce integration time
to mitigate out-of-time pileup!
(tradeoff in resolution!)

How did we manage? Detector

ATLAS timing vs energy
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Detector selections : Did it work? BOOST

e Detector resolutions for both ATLAS and CMS
below 15% for low pileup, but degrades as you get
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How did we manage? Jet Areas

Plleup subtraction usmg jet areas

Matteo Cacciari, Gavin P. Salam (

Jul 2007 - 10 pages

PTHE)S

Phys.Lett. B659 (2008) 119-126

7.09.077

200

0.1016/ . physletd 2007
LPTHE-O7-01
e-Prnt: arXiv.0707

DOI: 1

Abstract: One of the major challenges for the LHC will be to enract recua in

hacronic final states in the presence of the karge numea=r-

pleup, that occur simultaneously with any hard interaly
propose a novel technigue, based on jet areas, that piy
and undertying-event effects. It is data driven, does nij

its effectiveness for some key processes and find thall
the Tevatron, low-lumincsity LHC and LHC heavy-ion’g

Keyword(s): INSPIRE: p p. Inclusive meacton | 8 hadmg :

1378 hep-ph] | PDE

'orahor' from

al'<n mrosity: hiah | b you e | 7 D a v
potion | & y: high | background | 2 -

paction | top: palr production | W

nercal calculations | 1960 14000 GoV.-cms 5500 GeV.cma/nucieor

Record created 2007-07-10. last mx d 20130703
1 1 4 T 1 4 T T71 1171 111 111 1171 T11 ] T7T7
- ATLAS Simulation )
0.8} Pythia Dijets 2012
- anti-k | LCW R=0.4 |
- o ]
06 o n
m — i r . .
0.4
0.2 L b \
i A A A 2 A ¢‘ 4 4
oY ~ Y v Vv  /
i ¢ |
0.2 —=— Before any correction E
~ —a— After pxA subtraction
-0.4+ — After residual correction —
: N - 1

0 05 1 15 2 25 3 35 4

12 Aug 2013

ul

Uncorrected Jets with PU
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BOOST,

talks from Jesse

Thaler and Gavin Salam!

The critical bit is here :

PU+MC truth corrected
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CMS preliminary, L= 191b" ¥s =8 TeV
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How did we manage? Tracking BOOS‘I’
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Tracking : Did it work?

PF, no CHS PF, with CHS
o CMS preliminary. L=19 b’ {s = 8 TeV CMSpr'elqulp'a'r)'{,L 191bis 8 TeV > 321 RAAAS RARRS RARRS RAREY T
— L) L A A 'll L) rrana (D . — o
> &= Total uncertainty =Total uncertalnty - . , . .
= 9 = Absolute scale — Absolute scale <§ : Arusp'f"m'"a'y ¥ Densasos
c g = Relative scale = Relative scale - 3 Z—uu +jets Y mcumaes
@ f + Extrapolation -« Extrapolation = " antik LCWWESR=04 4 mc,I0VFI>050 )
o 7 = Pile-up, NPV=14 - Pile-up, NPV=14 z’é 2.8 00<h=21 ¢ Data, WVFI>050  —
g a-Jet flavor (QCD) , = Jet flavor (QCD) = - ' JVF Uncertainty i
6 . . . ..

- ¥+ Time stability + Time stability 565 h
O 5 of ;
J_)J Anti-k, R=0.5 PF Anti-k, R=0.5 PFchs _, )

4 m_|=0 n 1=0 2.4

Ie jet )

3 _

s 2.2

2 - -

= e — 2r

0 P et y L

(GeV) 1002000 s 102

e [ 1

Pr P, (GeV) S o098}

2.2% PU uncertainty 1.4% PU uncertainty Drastic reduction of
@ 30 GeV @ 30 GeV number of jets / PU int.

12 Aug 2013 16



How did we manage? Shapes

August 1246°

Use shape of jets vs

shape of PU

12 Aug 2013
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Shapes : Did it work?

4 0._CMS Simulation, s=8TeV__ e Can get mileage out of

g o shapes to discriminate

% X pileup jets even without

§ o7f tracking!

w» 0.6 T .

- 05 e Useful for forward jets!
0.4

o Working Point
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- Was used in Higgs
discovery
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How did we manage? Shapes BOOS‘I’ )

e Can also correct shapes for pileup directly!
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Shapes : Did it work? BOOS‘I’

Boosted tops
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How did we manage? Grooming

Reconstructed vertex multiplicity (va)

(a) anti-k¢, R = 1.0: Ungroomed

C/AR=R,,

Initial jet

(b) Filtering.

12 Aug 2013
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BOOS

¢ | argely mitigated
PU-dependence of
jet mass

e Reduced overall
QCD backgrounds
for substructure
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Grooming : Did it work? BOOS‘I’ f

.,
e And of course, just look at the title of this
conference

e Wouldn’t exist without mitigating the pileup!

~ Subjet 2, W a a
S&b’f%é 00 pt = 562.50 lepto 6’71 | ate
eta = -0.203 eta = '3-031 Electron
S hi = -2.101
phi = -1.965 L Subjet 3,
pt = 270.70
eta =0.156 e N N N . .
pt = 1090.42 7 =
eta=-0.020 //,

phi=-2.082 ~ '

YN
mass = 2345, . | \ |

\
MLHG, CERN - I \ \

/

*"‘“ATLAS

EXPERIMENT
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Grooming : Did it work? BOOST

e And of course, just look at the title of this

conference
, [ [ [ [ [ [
e Wouldn’t exist without mitigating the pileup!
Subjet 1, | s:tbieégé_so le ptom}ﬁéﬁ
e L eta = -0.021 Electron -
Sha = -1.965 SLLEilL Subjet 3,
pt = 270.70
eta = 0.156
Top jet, phi = -2.095
pt =1090.42
eta =-0.020
phi = -2.082
mass =}3475,
/

CMS Experimant at LH(

And it was apparently delicious too,
or so Emily told me ;)
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Grooming : Did it work? BOOS‘I’

e First questions at BOOST and elsewhere was whether it would work at all

e [Expectation was that it would be more sensitive to pileup than “standard” jet stuff
e Now we’ve actually seen that it is LESS sensitive!
e Currently more limited by theoretical (PS) uncertainties than PU

— This won’t last for long

CMS Preliminary, 19.6 fb', [s = 8 TeV, dijets

q) 0'3 5 d t t ;‘ B I LR l || ] LI ] T 17 I’ LI | I LB ] LI ] LI _

= | CA R=0.8 + ata: m cu - —

S - 400 < p_< 600 GeV prined o 1 60 - ATLAS det =1fb ' \s=7TeV -

o X T ——— QCD MG+Pythiaé O, - Data 2011 i}

%‘U 0251~ me2s QCD Herwig++ 21 40 __anti- -k, LCW jets with R=1.0 -

L : QCD Pythia8 QE - 200 < p'°‘ <300 GeV, ml <0.8 .

0.2 —@— data: M o &t /v cut -~ . e No jet grooming --a.. f =0.01,R b-0.3 .

- 120 ... 1_,=0.03,R ;=03 - f,=0.05, R b-o.s—_

- -+ - .- f —o 01,R’ b—o.2 .-G fcut—o 03, R ,=0.2 -

0-15 s : ’ 1 OO | _ = wp - fcut-o 05 R -0.2 _-

- "".ﬁ

- P - - ~

0.1 801 g p o

i g -2 8 oo .

= """':{_-._ o = O= =5 —— oy U

0.05 Ot T T NSNS Nion

0 L 1 ] L 1 40? j

E 2f ] 20| .

(2 1 ........................... 1_\— — C l L1l l L1 1 l L1 1 l 111 l L1 1 l L1 1 l L1 1 l 1 ]
© S O 2 4 6 8 10 12 1 4

o 5915 20 25 30 35 Reconstructed vertex multiplicity (va)

number of vertices
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Putting information together! BOOS‘I‘

® There is no such thing as “too = 1.00f :
much pileup mitigation” 5 -
. £ "*F Combine tracking info \
e Constant battle for which we § 004 and Shopes

must all be continually vigilant w 0928 _ Quark

-~ Gluon

¢ Adding ideas together will be 0.88

0.86
an excellent way forward! oeab <25

0.82F 25<p_<100 GeV

e Working Point
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= L leading jets ~#— Corrected . - leading jets —#— Corrected
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e Most of these strategies were used in the Higgs discovery
e They were all used in one of the 500+ ATLAS/CMS papers
e No one expected to get this far as it is

NN
@ Run Number; 204769, Event Number: 24947130
skl
Date: 2012-06-10 08:17:12 UTC

2 EXPERIMENT

- |
ill e oneonam—

{78 ,,,./f
|

;n‘\

So yeah... there's that
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Prospects

The trick is to get it to work with 2-10x the pileup!
Should we lose heart?
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Prospects

WE SHOULD

TURN BACK.
s

Q%

A

y Mark A. Garlick

http://xkcd.com/1110/
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Prospects

We Can Do It!

y Mark A. Garlick
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