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Disclaimers

* | had a complete “idiot moment” and didn’t realize until Saturday that
this was supposed to be a CMS summary, not an overall summary

(oops)
— Rewrote talk since then entirely

* Forlack of time:
— WIill focus on substructure-based taggers and algorithms

— Lots of underlying PU mitigation at the hardware and reconstruction
levels, but don’t have time to discuss

« See Devdatta’s talk for applications!

* Jet substructure and Pileup go hand-in-hand : both have contributions
by integrating the entire jet area

— The historical development here is interesting and apparently in line
with everyone else’s talk, so here we go!
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Outline

— >« Brief History
 Where are we”?
 Where do we want to go?
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All About That Boost
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‘Bout - That Boost

\ery active research field

Some of the tools developed
for boosted W/Z/H/top
reconstruction

Jet Declustering

2013

Seymour93

YSplitter Jet Shapes

Matrix—Element

Mass-Drop+Filter ATLASTopTagger
JHTopTagger T™W Planar Flow
Templates
CMSTopTagger Pruning
Trimming CoM N-subijettiness (Kim) ACF
HEPTopTagger
(.|. dipo'anty) N—SUbjettineSS (TVT)
Shower Deconstruction Multi-variate tagger
Qjets
apologies for omitted taggers, arguable links, etc.
Gavin Salam (CERN) Jet substructure @ CMS substructure workshop, April 2013 3
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‘Bout - That Boost

Very active research field
And growing!

Jet Declustering Or boosted Vv .Op
201 5 reconstruction

Seymour93

YSplitter Jet Shapes

Matrix—Element

ATLASTopTagger

Mass-Drop+Filter

|Analytics |

Mass &

JHTopTagger T™W Planar Flow
Templates

CMSTopTagger

i Soft drop

Pruning

=] Fimming

CoM N-subijettiness (Kim) ACF
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(+ dipolarity) Ei—s/l'bietti"ess (TvT)

N-subjettiness
An g u Ia I’Itl es Shower Deconstruction Multi-variate tagger

Qjets

apologies for omitted taggers, arguable links, etc.

Gavin Salam (CERN) Jet substructure @ CMS substructure workshop, April 2013 3
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‘Bout - That Boost

Very active research field
And growing still’

Jet Declustering Or boostied Vv .Op
201 6 reconstruction

Seymour93

YSplitter Jet Shapes

Matrix—Element

ATLASTopTagger

Mass-Drop+Filter

|Analytics |

JHTopTagger T™W Planar Flow
Templates

CMSTopTa

= gger/Pruning
—  Soft drop —Trimming

— CoM N-subijettiness (Kim) ACF

HEPTopTagger
N-subjettiness / (+ dipolarity) /l—s/ubjettmess (TvT)
X-Cone

Angularities

Multi-variatg tagger

Qets Deep learning
apologies for onji arguable links, etc.

|Data Science

Designed
Decorrelated . .
Taggers pstructure @ CMS .Jet Imagmg , April 2013 3

Scale-invarian
angularities Slide from Gavin Salam 7



All About That Pileup
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‘Bout-That Pileup
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Pileup Jet MVA

« Run 1: Set the baseline
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‘Bout-That Pileup

 Run 2 : Kick it up a notch

Removal of
. PU tracks
Grooming (CHS, JVF)

Constituent subtraction

Shape discrimination

: Soft Killer
Cleansing
Neutral-to-charged
proportionality Pileup Per Particle ID
(PUPPI)
7 _area-median ¥ LHC14, Pythia8 -
NpC CHS events, m=0
& |- constituents -~ o F=0.4. P20 GeV
cleansing v b ¥ . e .
s | softkiler @ i Il From pileup mitigation
- PUPP| --&- v i
= v e workshop at CERN
o 4 4 * " ®
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[
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* Experiment:

— Relatively unsophisticated (cone algorithms and offset
corrections) compared to today’s technologies

o« : : 1 (I jest about jets before LHC, of course...
Get jets. Pileup bad. many nice resulte)

- R
(4 ) \
o P iR “h |
L A ’Aﬁ‘l\ . ' '

. Theory: See Steve's talk, Tilman's Talk
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History : 2009

Tagging, Substructure, and Algos Pileup Mitigation

* Anti-kt investigated o "“Offset” correction on
« Top tagging : iterative cone jets
— CMS/JHU top tagger (JME-09-003)
(EXO-09-006, » Particle flow document
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History : 2010

Tagging, Substructure, and Algos Pileup Mitigation

» Anti-kT adopted, data * Particle flow data
Commissioning commissioning (PFT—1 0-001 ;
(JME-10-001) JME-10-001)

* Median pt / area method first
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History : 2011

First of a nauseating stream
of ROC curves coming

Tagging, Substructure, and Algos
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History : 2011

Trimming
I / CA
Grooming it = 0.2
pt frac = 0.03
Filtering
e AR oo KT
— | /g — filt = 0.3
nfilt = 3

Pruning

Redoclu:tor;\g CA
b zcut = 0.1
E—— — alpha=0.5

J. M. Butterworth, A. R. Davison, M. Rubin and G. P. Salam, Phys. Rev. Lett. 100 (2008) 242001
S. D. Ellis, C. K. Vermilion and J. R. Walsh, Phys. Rev. D 81 (2010) 094023

24 Jan 2017 S. D. Ellis, C. K. Vermilion and J. R. Walsh, Phys. Rev. D 80 (2009) 051501
D. Krohn, J. Thaler and L. -T. Wang, JHEP 1002 (2010) 084
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History : 2011

Pileup Mitigation

 Particle flow fully
commissioned

* Sub-leading PV charged
hadrons identified and

removed
(Charged Hadron
Subtraction) deployed

o Jet variables

* Sub-leading PV charged
hadron fraction (3*)

* Median pt / area method
deployed in most analyses

* JINST 6 (2011) 11002 aka
JME-10-011

24 Jan 2017

<
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* First publication with substructure at CMS
(JHEP 1209 (2012) 029 aka EXO-11-006)

 Made “type 1" (CMS/JHU tagger, fully merged) and “type
2” taggers (pruning based, W merged), CHS, with area-

based pileup correction

24 Jan 2017
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History : 2012

* And oh yeah...

CMS Preliminary
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History

10" C M\ L=5f"at \s = 7 TeV, Ungroomed AK7 Dijets

e Jet mass measured at CMS

— Measured pruned,
trimmed, filtered |ets
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History : 2012

19.7 fb (8 TeV)

T T T e T

; i B Fhotons i}

) B B EM deposits 7

. (g . 0] - Anti-k; R=0.5 @& Neutral hadrons

Pileup Mitigation & 0.8 [AN Hadronic deposits -

A~ - <u>=19 [[©_] Unassoc. charged hadrons .
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] " - ~ = -4

* Final Jet calibrations ~06F -
. . N n
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Final Run 1 paper not
submitted until 2016
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History : 2012

» B-tagging in Boosted Topologies : BTV-13-001
* Approaches:
— tagging individual subjets : “Subjet CSV”

 Combined Secondary Vertex tagger on subjets
— tagging two b-subjets nearby (H->bb) : “"Subjet IVF”

lterative Vertex Finder for nearby b-subjets

Subjet 1
Subjet 2

fatjet subjets double-b

24 Jan 2017
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History : 2012

CMS Simulation Preliminary (8 TeV) CMS Simulation Prellm/nary (8 TeV)
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History : 2013

CMS Preliminary Vs =8 TeV, 19.7 fb™

Tagging, Substructure, and Algos 0 2500 HEP Top Tagger _—r
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History : 2013

'] —— CMS Top Tagger
1 =-- subjet b-tag
N-subjettiness ratio t./t,

—-— CMS + subjet b-tag
CMS +t,/t, + subjet b-tag

} HEP Top Tagger
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Top Tag Efficiency
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History : 2013

« W tagging : JHEP 1412 (2014)
017 aka JME-13-006

— Lots studied

— Baseline : Pruning +
n-subjettiness

— Best single variable
Q-jets volatility

W pv 19.7 fb"' (8 TeV)
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S mm — 12 ~
— @ Data — = MC total fit
S~ - -
9 200 —— Datatotalfit ~  JE------ MC bkg fit -
c = o
o === Data bkg fit
>
Ll

150

100

50

40

50

60 70 80 90 100 110 120 130

Pruned jet mass (GeV)

@)
X
0

w

1
F

8 TeV
CMS -

Simulation

1‘\\ | I 1 | | [ 1

-
—y

0.8

CAR=0.8
| 250 < p,_ <350 GeV
O 6 | |l‘|| < 24 . . “ -
| 60 < my, <100 GeV S _

— . . —

0.4

0.2

—

-

}—

—

b——

b

-

- MLP neural network
- - Naive Bayes classifier
L

— rQ]et

T/, pruned

T,/ T, no axes optimization
= Gy (B=1.7)

—— Mass drop

i Jet charge (k = 1.0) W*
O 1 | | I 1 1 | [ 1 | | l

0.2 0.4

Boy, did we get
GOOD at making

ROC curves! 25




History : 2014

« Saw huge expansion of available tools
* Investigated a lot

— Cleansing

— Constituent subtraction

— Soft killer
» Talk about one briefly in particular : PUPPI

Removal of
. PU tracks
Grooming (CHS, JVF)

px A

Constituent subtraction

Shape discrimination

Soft Killer

Cl '
cAnsIng Neutral-to-charged

proportionality §  Pileup Per Particle ID
' (PUPPI)

24 Jan 2017 - 26



History : 2014

— Pile Up Per Particle Identification
» Establishes “guilt by association” for pileup

« Examine charged tracks around neutrals, if
they satisfy metric below, classify also as

pileup
Charged :
C
of =log ) &;jO(Ruin < ARj; < Ro),
a;=log Y &;jx O(Rmin <AR;j <Ro), . . jeChivV
jEevent
F
PT;j o = log Z §ij O(Rmin < AR;; < Rp).
where &;; = : .
ARQ'J' je€event
« Sample charged particles in event, get § DLV partictes [
distributions for alpha for leading vertex and & — PU particles |
3] T
others g U
» Determine chi-squared weight to assign g
probability . 10°8 3
9 _ (ai — apy) ]
Xi = O(a; —apy) X -2 ; |0 |
24 Jan 2017 PU T
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History : 2014

 Compare mass resolution

CMS  Simulation Preliminary 13 TeV
< =1 T T T T T T 1 R
® 50 RS Graviton » WW, Anti-kT (R=0.8) — PF .
S [ <np>=40 | L I J\IE-14-00
,g 40— Ml <25 |
- - . . i
e B Trimming Pruning Soft Drop
n - i
D 30 : :
oC - Particle-level PU removal + grooming = WIN
20 m ]
i - i
. . . E = l‘ - l- .-
. = -
10—% m i B a & L - /
N T Y
o T | I I I

r r f

brae *0-05"% Qo-Oj’-lc QO-Oj’—k— Q0‘6§.Q0_5 w=0 5 w=0, 7?,:»0_75
Without 4-vector
subtraction

24 Jan 2017 28
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History : 2014

* Other news in jet algorithms :
CMS switches to anti-kt
R =0.4, same as ATLAS

CMS Simulation
1 ) T I 1 1 1

1 Year of Alexx Perloft’s life

— Immense pain, huge
amounts of time, and
caused much displeasure
from the community

— Most people now had a
photo of me on their
dartboards for a while

— Now go tell ATLAS to add

QCD Multijet
Anti-k_ (PF+CHS)
30 GeV < p‘T‘E“ < 35 GeV

——eo— 101 <20

+

Illlflllllllllll[lllllIlll[lllllllll]llllll

1 l 1 ]

] I 1
<13

13<n <25
25<n<3.0

30<n<5.0

o

R = 0.8 to their analyses,
because we will never,
ever, ever, evereverever do
this again.

24 Jan 2017

\s=8T
| | I |

llllllllllllllll[llllIlllllllllllllllllllll

Cone Size



History : 2014

* Understanding gained from jet analytics even gives new
and better ways to groom and tag!

‘ l Soft Soft-Collinear
2

Note : y-axis now 1/previous

A. Larkoski, S. Marzani, G.
Soyez, J. Thaler,JHEP 1405
(2014) 146

Soft drop : “simple” behavior in this plane,
with tunable parameter for many algorithms!

24 Jan 2017




History : 2014

. Sft drop :
— Undo last stage of C/A clustering, label subjets j1,j2
—If :

then | is soft dropped
else redefine | to be the harder, and iterate

— Recovers (modified) mass drop BDRS tagger for
beta=0
* This case always removes soft radiation entirely
(hence the name)

24 Jan 2017 31



History : 2014

19 7'b lB?oV) 197'b (8 TeV)
§ OF oom " cms 3 oom cMS
e Top (W § Prosmnary « 300~ op (W - Prowmmnary
" ey n i 2o
2 ) Otrer tagn g Bl Orer tags
B=0 N r [%.:ZI
- : #.. signa
» Soft drop: First tests in .
. 100
data done with Run 1
data (JME-14-002) e . -
& ‘;f‘ A Mol Rk ¢.* T TS PR Poulsy ww%,:w““‘
4o 50 700 50 200 9 50 700 750 200
M, =0 [GeV) M, B=2 (GeV]
— , — 197'b IBTOV) vvvvvv 197'!) (8 TeV)
§ o eom - cmws. § whaom ows”
| IS M |
Y 200 oo I — ] L
10’ background
100 [ " | ]
20 sttt np AR R ,,¢ w20 ++++ ”+++++ *r* ‘%’%W WW‘
-2
24 Jan 2017 48 50 700 50 200 0 50 700

750 200
M, B=-1[GeV) M., B=-1(GeV]



History : 2014

 ROC curves for single variables in W tagging
* Best performance : Qjet volatility and tau21

19.7 b (8 TeV)
1 1 T

0 .1 7 1 T ]

W - CMS :

1 —  Preliminary -

0.8 —— =0 E

B czﬁ=0.2 i

— ——— C,}=05 -

o - czu=1.o -

0.6/~ - cpozo E

B - ) rOj-l -

- i - t :

- 0 :

0.4 -~~~ QoL ) -

— = - - Subjet1QGL . -

~ = - - Subjet2QGL -

~ - QGL Combo :

| suppose one |- B

more ROC curve 0.2 0.4 0.6 0.8 3

| =

couldn’t hurt i

33



History : 2014

o AISO understand|ng CMS Simulation Preliminary 19.7 b (8 TeV)
. JJBR581012 7 0274058 7168687273737 1032381 0¢

Correlatlons between 30 Gomeo EILS B

various tools MR *<W i cosamaionzons s & 10115 5 3 6

* Obviously groomed 41232810 ..... 1141513117 4 59 0

masses highly ' i

correlated, but not

100%

» Other variables
correlated with masses
also (n-subjettiness, 12204016 4 15304849504849 4488322 30
angularities) R —————

- Name of the game : ST I asadt®s O

yisldnldalal -
a2 0

ADDING information O sty SeEY
while MAINTAINING
systematics X

o
o4 Jan 2017 Nontrivial! 2

el
0
c
>
—D
> J
i
|

= <
Rt ey

n

O000
NN

Ne!
I

all

Subjet 2 QGL [F55- %
QGL Combo [E57

Subjet 1 QGL




History : 2015

» Shower deconstruction :
— Make “microjets” out of CA jet constituents

— Keep at most 9 microjets with pt > ptmin

* Approximate probability for observed particles to satisfy
a “signal-like” shower, or a "background-like” shower

» Construct likelihood and compa~-

Soper and SpannowsKy :

Phys.Rev. D84 (2011) 074002
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History : 2015

- HEPTopTagger V1 —> V2

13 TeV
- 0.12—— I a—
CMS Simulation, s = & TeV - "CMS |
-9 0.08;1 L] I | I L I IR I | L l L I P I.I LI PT: < i SimUIaﬁon Pre,iminary _
o 0.07EF — QCD Pythia 6 - 0.1ca1s flatp.,n — ToP,200<p <300 GeV, 26%
y— VL - . ] ’ T — Top, 300<p <470 GeV, 54% |
O . — tt MadGraph 1 " <u>=20, 25ns ----QCD, 200<p <300 GeV, 5%
— 0.06[ - 0.08- .---QCD, 300<p_<470 GeV, 14% __
0 n HEP Top Tagger . : !
g 0.05F Jetp_>200 GeVic -
g W mass selection .
003__ . -
: ] 0.04}-
0.02 - L s
0.01F s = 0.02 ™
0:1 to s v v gl ey 'll""l!"'l"": i ﬁ:
0O 50 100 150 200 250 300 350 400 O_ ¥
HTT top jet mass - m__ (GeV/c®) 0

HTT V2 Mass (GeV)

» Smoother behavior, little bump at top mass in bkg is gone
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History : 2015

 Sinagle-variable ROC curves

CMS CMS
4 Simulation Preliminary 13 TeV 4 Simulation Preliminary 13 TeV
wm 1 O . 1 1 1 ] 1 1 ] IG 1 VT ' | | 1 | I 7 | l 1 : wm 1 O : ] ] 1 \ | 1 1 I 1 ] ] ']I ! ] :
- 300 <p. <470 Ge <2. 4 . V4 ;
P, o / 800<p <1000 GeV, i < 1.
flat and ~ ! |
Py " .  flat P, and n / 1
- A R(top,parton) < 0. 8 | .
(top,p ) - A R(top,parton) < 0.6
2| -2 S
10 107°°F s ) E
, ~ 7 High boost g
A | i * —— CMSTT - min. m, top m, tft, |
," — HTT V2- m, 'M' A Rv ‘3. so.hz- sD. e CMSTT - min. m, top m, T,’Tz
3 _anz'mvtmv AR. ‘3,50,"2-50" 3 —HTTVZ-m,f AR T’T
10— — — log(y) — 10' |-!'ITV2-ﬂ'\.fmc AR, r/'r b =
- log(x), b - » - log(x) .
:_ ) mSO (M 2 ‘5 1) +T sohz $0. : mso (Z=o'1| B=°) ' ‘shz :
mso (Z=o 2 8-1) +T h '“SD (zn0.1, BIO) ’ tshzv b
Mgy (2=0.2, p=1) +log(x) Mgy (2=0.1, B=0) , T /x,, l0g(x)
mSD (uo 2 ﬁ-1) Y’ SO 2.80 +b T mso (l=0.1. Bw) ’ ‘Jhgv |°9()0. b
'/ cees Mg (2=0.2, p=1), 13 so Fty g0, 109(%) = Mgy (2=0.1, B=0) , min. m, 'r3/t2
/ -+ Mgy (2=0.2, f=1), so» 109(x), === Mgg (2=0.1, f=0) , min. m, v /r,, b
1 0—4 )1 WAL l | | | l 1 1 1 | | | 1 | | l | 1 0—4 | ! 1 1 | | | | 1 1 ’ ] l
0 0.2 04 0.6 0.8 1

Best variables :
HTTVZ2, f rec +dR
comparable but simpler:
soft drop mass beta=0, tau32

Best variables : °s
soft drop mass beta=1, tau32

2 Annndddd, more ROC curves.

37



History : 2015

Why not use
t?
e

_ ' 1 L 19.7 b (8 Teyl , T 197 rb"v(g TeV)
Background shape . 500F G o] G j
. " > - Preliminary 3 > . eliminary @ Data .
IS a bit more B 600l o o | 6000 oo rens

I- t d 500 oo 5°°°; . Oter ;
Comp ICa e HTTVZ2 400 F Single-Top 4000: - QCOHerwg
300F — trow 3000} o494 ‘

— More on that later! 200/ 2000} :

100 F 1000 | .
. -4~
§ 1.5}" ” I § 1.5} i
5 e AT s
= 0.5¢ Lo P La s 13 205
0 50 100 150 200 250 0" 50" 100 150 200 50 300 380 400
m(F‘om) (GeV) m(R_) (GeV)
" S 197HlETe) o x10° 197157 (8 TeV)
T 220- CMS i £ 160F CMS -
L% 200 & Preliminary -Oata : :;’ 140} Preliminary & Data ]
160 B 3 120} M ccorynen
—lPowheg 1 80 — QCD Herwig
100
80 60
Soft Drop Mass 40
20
§ 1.5
5 1
5F : =05 :
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

24 Jan 2017 mgp (2 =0.1,8=0.0) (GeV) Msp (2 =0.1,6=0.0) (GeV)



There. All caught up.
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Outline

* Brief History
—>+ Where are we?
 Where do we want to go?
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Where Are We : Top Tagging

» Low-pt tagger : soft drop mass (beta=1) + tau32, with

subjet b-tagging
* High-pt tagger : soft drop mass (beta=0) + tau32, with
subjet b-tagging
CMS Preliminary 2.6 " (13 TeV) CMS Preliminary 2.6 b’ (13 TeV)
T L ' ' —T —TT T3 ) LN B B B B B S B S B B B B B S B S e e
% 120 A jots witn p.>500 OV, k<2, 11oéeV<MSO<21o]Gev = I 1501 ks jots wit p,>500 GV inl<2.4.lrsz<o.69 | | ~
u>J 100:_ —4— Data _: Lﬁ : —4— Data :
~ [ matched to top + ] _ [ matched to top )
80— [l unmatched to top - 100 [ unmatched to top N
. Z'3 TeV (0=1 pb) + . - <3 TeV (o=1 pb) |
60— - -
40 - =
20 — ]
o) T T 1 I = D T
X 150 -4 X
oS S _&_+-§++++.¢.++_‘_*_: < . £
8 0 5",'_. 'R T T | 14-1 PR I SR TR T NN T S SN N 1-‘-1 | —': 8 il TN TN YT T NN WY WO YT U NN WO NN WY U SN WO WO NN N NN TN TN U NN NN NN U N R
0 0.2 0.4 0.6 0.8 1 0 50 100 150 200 250 300
Jet 1, Jet softdrop mass [GeV]
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Where Are We : W Tagging

* Current tagger : jet pruning with tau21

2.3fb7(13 TeV)
~~ SARAE LAARE LS IS I I I IULE I I
3 30 cms ¢ datapy -
S 300 ¢ E
~ 300: [_]Singlet .
~ - —_
- m Vv .
-o‘é’ 250:_ B W+jets e
g) 200: ] MC stat. §
L u N
150} -
100}~ =
50 =
1.5¢ -
4] . |
N‘% 1 lf o eete e ogiis
0 - P
0.5 [ -
0 0102030405060.70.809 1
N-subjettiness ratio .,
24 Jan 2017

2.3fb7 (13 TeV)

% 350 ;CMS ¢ data v —f
0] . B tt ]
v 300 (] Single t -
~ -  NAY .
; 250 B W+ijets =
= : ] MC stat. =
0>J 200 - E
1501 -
. .

1005 —

50
1.5 -
© & é -
=10 PR b4 P
(UE 1_ L’ §§ |
Q 0.5 ééj
40 60 80 100 120 140

Pruned jet mass (GeV)
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Where Are We : H Tagging

* Development of dedicated H->bb tagger (BTV-15-002)
— Look at axes defined by n-subjettiness
— Use MVA on variables associated with this
— Excellent improvement everywhere!

CMS Simulation Preliminary (13 TeV)
o) 1 - — double-b-tag
- o ‘
.g ---- Subjet CSVv2
T-axis1 = Fatjet CSVv2
T-axisz o
‘ %) - AK8
= 70<m<2OOGeV.500<pT<BOOGeV
510"
=
fatjet subjets double-b
1072}
10—3 ..i.h‘l.i.:..L.J._l-.l..g...L_L-.l-.l._LJ-.A-.L.L-i-J - E L denlie J_ e LJ..~ heded el J..L.l ' - .L..L.l .l.‘;
0O 01 02 03 04 05 06 07 08 09 1

24 Jan 2017
Tagging efficiency (H—bb)



Where Are We : Pileup

 Many improvements for Run 2
under the hood with hardware
and software changes

* Also coming are phase 1
upgrades and dramatic phase 2
upgrades

CMS-DP-2015-034

— Won't talk about any of that < 70— R (3T
) - CMS ¢ data, AKB PFCHS
O ol Preliminary ¢ data, AK8 PF PUPP| -
| N | 7\: E pT > 100 GeV, bl < 1.3 : sna(t;' A'?(';BP?:F CSHKS :
« Status of pileup mitigation v %oF ¢ MC, AKS PF PUPPI
algorithms : 40f- —
: - —_—— .

— CHS : alive, but not as o= Zf:—+—+ s
performant as PUPPI for 20} :
substructure JoF k

— PUPPI : performing very well A ST TR PO VU TUUT T

0 5 10 15 20 25 30 35

24 Jan 2017
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Where are we?

a.u.

Lots of technologies
Comparable performances

10*

Nontrivial correlations G s

Nontrivial background sculpting

— Correlations with mass bring w5 [ [

background into signal
region!

What's an analyst to do?

24 Jan 2017

| i_ i | I—

—————

N
20

| | |
40

I6OI

LSS
80

100

[ A B
120 140

soft drop mass [GeV], sucessive t,/t, cuts
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Outline

* Brief History
* Where are we”?
—>+ Where do we want to go?

If | see another ROC curve | think | may be sick.
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Jet ‘Analytics

* First need to understand jet mass

Finite-size

effects from
At NLO : cutoff

Scales ~linearly

Log. divergence with momentum Good prediction
atlow mass of jet data from MC
<M3>NLO ~ 6 p_‘] as (&) p%RQ, 108 CMS,L=5fb"at vs =7 TeV, Ungroomed AK7 Dijets
I~ B e nesnerey (il hetumernagy | e tmmmnselnmem V0 )
ﬁ 2 == % 10° Tjnt M0 GV (x 0" ?m 430 OeV (x 10 0 4% . %00 GeV (x W) A 500600 OaV(x W0O°
Uv.5 T T T T - o, A 600 . 50D OeV (x 10° Y 0. 000V (x10Y) V1000 . 1500 OeV (x 10"
O
. CF
03[ Rough idea from NLO doesn’t G
> ' capture Sudokov peak. : o 4 R R o S
Mj;1 do 4 - R S N AT
2 R 2 0.2+ .-. T MM‘""’A\‘ . -
PJ o d A_Z‘_’. T ]~ via -..:-o“*:_.\. . 4o e '3,..'.\,' .
PE; Py=300 GeV/c 8 /OOy e . "“':A*‘ .
0.1 G . \-.~_." ’o“o‘\(}-;o&.o ;‘h‘.o.*. """ A :
3 ".‘;'. o “"
P;=1300 GeV/c e W, B &
0'0 ...................... o: - -
0.00 0.05 0.10 0.15 0.20 0.25 "f_é_ "
s -
M? o - .
— 100:111111111114L1‘iLxl;xx;itl |
p3 0 50 100 150 200 250 300
mVe (GeV)
S.D. Ellis, J. Huston, K. Hatakeyama, ’
P. Loch, M. Tonnesmann, JHEP 1305 (2013) 090
Prog.Part.Nucl.Phys. 60 (2008) 47

484-551



Jet ‘Analytics

* First need to understand jet mass

, agC
ewem 0 A0 0 CF L3\ -%E(m21-3mito())
At “NLL” ; RSy In———-J]e 2 P
o dp T 0
2
T
P = 5155 )
Dy R Slide from G. Soyez
quark jets (Pythia 6 MC) Ana |ytics
m [GeV], for py = 3 TeV, R=1 analytics quark jets: m [GeV], for p, =3 TeV
10 100 1000 10 100 1000
e T g . 0.3 pr=rrrrrp—— ————ee———
03 F plain jet mass 41 plain jet mass
------ Trimmer (z.,=0.05. R,,=0.3) | eesees Trimmer (z,=01.R,,=02) ;
= = =  Pruner =01 ' « = =  Pruner (0
a — - MDT (Yo=0-09, u=0.67) 02 , &0 &l - MDT (¥, s™0.09, u=0.67) —
o 0.2 F - a
g °
o —
o e
o =
S =
0.1 0.1
0 " Dasgupta, A. Fregoso,
10 S. Marzani, and G. P.

Salam, JHEP 1309 ' 48
(2013) 029,



Jet ‘Analytics

* First need to understand jet mass

do  asCp 1 3\ 2% (|21 3,1
At “NLL” - p ao ~ 8 F In= — 2 ) e 2= (ln 5—51n +O(1))
o dp T 17
o m2
— fZJF?ZZ :
Py 11 Slide from G. Soyez
quark jets (Pythia 6 MC) Analytics

3 TeV

03 F plain jet mass

plain jet mass
------ Trimmer (z.,=0.05. R,,=0.3) | eesees Trimmer (z,=01.R,,=02)
' = = =  Pruner =01 ‘ « = =  Pruner (z,=0
w— = MDT (y_ =009, =067 02 b === MDT 008 ueoe7 -

o
N
T
1

p/odo/dp

plo do /dp

0.1 0.1
0 " Dasgupta, A. Fregoso, &
10 S. Marzani, and G. P.

Salam, JHEP 1309 2. 2.2 | 49
(2013) 029, -



Scaling : Why Does This Matter?

. To move forward, look at example analysis : WV resonances
— QCD jet mass peaks roughly around the W mass

— Want to smoothen the o 23f07(13TeV)
background to lower D a5 CMS  tdaauwy  Mwses  C
systematic o aoof et Evwmz Wt 3

C ~ - High-mass [ gjngle t Uncertainty -
uncertainties @ 250F 3
< - }—signal region —» « Higgs — -
» Soft drop helps, but S 200~ 4, 3
does not completely PPN S 0 G- 16-004
solve the problem 100E —
%0 enriched enyi\clzﬁed
E o] 2; ¢ 7
B Ofwtetpttymet it tia syt
8° -2f "

40 60 80 100 120 140
Pruned jet mass (GeV)
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Scaling : Designing Decorrelated Taggers

Nontrivial m, pt scaling back again: look at the correlation of T+
Peak creeps into W mass window with mass and pT
=D TR e L as —owcsmaey ]

—— bkg, P, = 500-600 GeV ]
—— bkg, p_ =1000-1100 GeV—

T —
----- sig, p, = 300-400 GeV  —
----- sig, p, = 500-600 GeV —
————— sig, p, =1000-1100 GeV _|

i

1 i 1 | . 1 . L i 1! I L 1 L 1 | 1 1 1 | 1
40 100 120 140
soft drop mass [GeV], sucessive t,/t, cuts

Want to remove the residual pT + mass

dependences!
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Scaling : Designing Decorrelated Taggers

» Rescale variable to remove pt dependence:

Define:
o’ = PPl =log(m=/pT/p)

U is to make it dimensionless, set to 1 GeV

P'- ’_1 T l TN T I T I T 117 I L S S ] T ™ ] L SN ZEE S 2 ] SN S S 2 ] Ty I T, 1—‘ P'- ’_. I [ [ T r L 4 ] ] T I T ] ]
T_gu 1.4 —=— bkg, p, = 300-400 GeV | ?_;: 14 —=— bkg, p, = 300-400 GeV |
- +— bkg, p, =500-600 GeV | - +— bkg, p_ =500-600 GeV |
1.2 —e— bkg, p, = 1000-1100 GeV— 1.2 —e— bkg, p, = 1000-1100 GeV—
n 9 Py N n Y N

o --o~~slg.pr=300-400(;ov - - --o-'slg,p7=300-40060V 8
1 sig, p, = 500-600 GeV 1t sig, p, = 500-600 GeV —

5 ~-o - sig, p_=1000-1100 GeV | s o - sig, p_ =1000-1100 GeV
8l - 0.8l =
0.8 perstat I . : e :
- * oo > — - -

- ORR LB es e ™ — go —
0.6 03008803??§§99330 O'Q,j,‘:_& ;‘::‘:-:".. + B 0.6 wzo -
et 3O 00 A 00 o, pe g ~ P - - -

= o " -y "‘-‘..".o - - -
0.4 o : °gg° e S ¢ — 0.4 —

< ”o < i
- 00000 ﬁ*'-"“ooooo O — - .
’—A B l - l ek A J - l - l -1 1 b - l - l Bt J I J_ —L b1 Bt ’ A ' b _—_— ' 'l e ' ' e ' ' S A F ' ' L_
0 0

-0 9 -8 -7 -6 -5 4 -3 -2 -1 0 -1 8

p p'
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Scaling : Designing Decorrelated Taggers

* Dependence of tau on rho has a log(pt) scaling

p' = log (m?/pr/p)

Average tau for quarks, beta =2
. What is the mu? e —
— Currently calculating oz}

this, manifestation
of alpha s scaling °*°|

<tau>

04

0.2

| | |
-10 -8 -6 -4 -2 0
Log(rho)

Work in progress :

from J. Baron, S. Marzani, L. Schunk, G. Soyez
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/T,

1.4

1.2

Scaling : Designing Decorrelated Taggers

Now linear correlation constant in bins of pT!

trivial transformation

T21DDT — -l-21 - M x pDDT

—— bkg, p_=300-400 GeV
—«— bkg, p. = 500-600 GeV |

T —
—— bkg, P, = 1000-1100 GeV—_
----- sig, P, = 300-400 GeV
----- sig, p, = 500-600 GeV —
----- sig, p_ =1000-1100 GeV _

~
-oo LL L1

i)

24 Jan 2017

1.6

To4

1.4
1.2
1
0.8
0.6
0.4
0.2

0

- —— bkg, p, = 300-400 GeV -
— —— bkg, pT = 500-600 GeV 7
B —e— bkag, pT =1000-1100 GeV:
__ --o-- sig, p, = 300-400 GeV
L --o-- sig, p, = 500-600 GeV ]
- --o-- sig, pT=1Q00-1100 GeV_ 7]
E +$_+-$++ E
- ot —
e szscasazc_ssosaoczsas et A N
RS- sogeonc NUNIR ooed Toogge —
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transformation 11 to T-1PPT

« Keeping the same ROC performance, can reduce

N
D

sculptlng of backgrounds
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Scaling : Designing Decorrelated Taggers

* Example : Semileptonic diboson search
— Signal: WW resonances
— Background: QCD

 CMS search employs shape-based fit in “pass™ and “fail”

categories
 ATLAS also uses “pass” and “fail” categories
N — 221" (13 ToV)
% I . 1CMS Data pi' \ ]
O] 0 Preliminary [} wwwz
;; 300 Single Top
*g 250 « signal region — High-Purity
:>J’ 200
150
100

50 WW wWZ
enriched enriched
FER . Py g
%DU 0 H * + i é H + + 1_‘
al -2 ~
40 60 80 100 120 140
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e

Events / 3 GeV

* Now apply DDT:
— Backgrounds are better behaved! Reduced systematics!

— Example: m =2 TeV

40 R
Bkg Uncertainty = 23%
20 —
0, = 9.64-1.4
00 = 78.15 +/- 0.72

%0405060708090100110120
Jet mass (GeV)

Bkg normalization unc: 23%
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. Example:
— Low-mass Z->dijets

— Needs smooth turn-on at
low jet mass to see the Z
peak

— Limits have not been
iImproved here since UA2!

CMS Preliminary 2.7 10" (13 TeV)

N events

L

----- expecled
— Observed
expected 2o
e expected o
......... UA2
CDF Run 1
CDF Run2
ATLAS 13@®20.3 fb"
—— ATLAS 13@3.21b" (ISR ¥Y)
—— ATLAS 13@3.21b" (TLA) i
CMS 8 ® 18.8 fb" (Scouting) P
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do [ fb ] semilept. tt 150 do [ fb ] lept. W+jets
- dmy™ LGeV (s=8TeV - doy™ LGeV (s=8 TeV
1000 H 1 \\L
~—old default 100 JI l | - old default
] ~—— new default : , i T -4 — new default
....... di I Lol di_
5001 ! }
- 50 [
oL— £ | e o) = P B P Ty Tt
0 100 200 300 0 100 20 30
mi [GeV] d\ mi [GeV]

Yay! Blip in bkg is gone!

Benchmarking an Even Better HEPTop Tagger

Anders, Bernaciak, Kasieczka, Plehn, Schell
arXiv:1312.1504
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Better angularities : D2

Stability

JHEP 1612 (2016) 153

e Soft dropped D> distribution largely independent of

e jet mass
° Jet pr

Dmax,softd rop 1

0.14}
0.123-
0.103-
1 do 0.08f

7 dD7’ 0.06|

0.04f

0.02}

pp = ZZ, Hadron Level
my € [80, 100] GeV

pr =500 GeV

pr = 1000 GeV
pr = 1500 GeV
pr = 2000 GeV

e Extremely stable discriminant!

Slide from lan Moult

Collinear Soft Haze

jet axis

e Expansion about small values insufficient to describe endpoint.

]
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Outlook

» Lots of analyses ongoing on CMS for Moriond
» Algorithms are becoming very robust and well understood

* Moving away from MC-level ROC curves, looking at
systematic behavior to improve to the next generation

— Utilizing theory community input in the coming turns

» Stay tuned this year for many exciting results!
— One in addition : jet mass measurement with mMDT/soft
drop beta=0, compared to analytic calculation beyond
NLL for the first time!
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