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Lecture 3: jet substructure

35.9 b (13 Te V)

g % BOOOE_CMS 450 <p_< 1000 GeV %V __
* boosted-objects = oo sunciinsos ‘-"'g.t,stk A
physics L
* groowing and o
tagging
* calculations for
jet substrueture :

mg, (GeV)

the (ambitious) target of this lecture is to understand this plot



searching for new particles (l)

* Standard analysis: the heavy particle X
decays into two partons, reconstructed as
two jets

2 10 | Q
§ : ATLAS
o 10 E
= =8 TeV, [L d fbo’
Em 3 \s=8 TeV, [L dt=20.3 E
g 10°E arXiv14071376 —
g0k : E
© = ey -
$ 10 —e— Data =
@ F . =
Dt 103_5 — Fit =
102 - -—-o--q,m=0.6TeV 7
? —o-- g, m=2.0TeV ?%
. 5 10 g*, m=3.5TeV =
* Look for bumps in the dijet . ;

invariant mass distribution

* What about EW-scale e e
par'l'icles a'l' 'l'he LHc ? Reconstructed m. [TeV]

Signif.  [data-fit]/fit



http://arxiv.org/abs/1407.1376

searching for new particles (ll)

* LHC energy (104 GeV) > electro-weak scale (102 GeV)
* EW-scale particles (new physics, Z/W/H/top) are abundantly
produced with a large boost

- \

1

— 1

2/ \\\/

* their decay-products are then collimated
* if they decay into hadrons, we end up with localised
deposition of energy in the hadronic calorimeter: a jet



EXPERIMENT

SATLAS

C4

-22

015-C35

(de a jet

[NSI

we want to look



ATLA

EXPERIME

we want to look inside a jet



ATLA

EXPERIME
cvent: 53L67691¢ exploit jets’ properties

2015-05-272

we want to look inside a jet



signal-jet mass
* first jet-observable that comes to wmind

* signal jets should have a mass distribution peaked near
the resonance

~ \

1
boosted X \
\ /I

= /7\2)\\\ //




signal-jet mass
first jet-observable that comes to mind

signal jets should have a mass distribution peaked near
the resonance

jet mass distribution from W bosons

however, that’s a simple partonic

picture o
F'% 01 | ”4/ P i

perturbative and non-pert. s | ;

emissions from the qqb pair o nadrons w.

broadens and shift the peak - j

underlying event and pile-up e e

Mgt [GeV]

typically enhance the jet mass



QCP-jet mass

* first jet-observable that comes to mind

* background (QCD) jets acquire mass through showering

HM3.1 g—bb is important for H—bb studies. What’s its average
mass? (take my=0)



QCP-jet mass

* first jet-observable that comes to mind

* background (QCD) jets acquire mass through showering

e Oy pgNz(l—z«92
: © 492
g—p%/ /dzz (1 = 2)0%P,y(2)

HM3.1 g—bb is important for H—bb studies. What’s its average
mass? (take my=0)



QCP-jet mass

* first jet-observable that comes to mind

* background (QCD) jets acquire mass through showering

mass grows with pr Sl 3R

HM3.1 g—bb is important for H—bb studies. What’s its average
mass? (take my=0)



homework 9

* Gluon splitting into bottom quarks g—bb

is important for H—bb studies. What’s
its average mass? (take my=0)

78



QCP-jet mass: NP effects

3k tirst jet-observable that comes to mind

3k background (QCD) jets receive important non-pert
contributions

plain mass: hadronisation (quark jets)

%
£ | ArLAs |
m [GeV], forp,=3 TeV, R =1 2 - Data 2011 ch.ﬂ 47Tb emTEY
S 0.1antik, wth R=1.0 LCW, No jet grooming applied —
10 100 1000 ® " 600=p <800 GeV, i <0.8 -
—rrrr r——r—rr T r = [ e 1N, <4 i
04 F parton Ievel - -<CT:) 0.08 " gzm :1 ATLAS, JHEP 1309 —
hadron level (no UE) — == | I Npy=12 (2013) 076
s 03 hadron level (with UE) = = 0.06L i m N
-~ - y I o.'rl * “{ :
o . % b
© - - i "o m |
\O 0.2 /f' N 0.04- o At‘l“’ ]
S l | i - i
0.02
o

I‘il‘.v
0 50 100 150 200 250 300

Leading jet mass, m® [GeV]

hadronisation and UE pile-up (datal)



http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022

heyond the mass: substructure

* peed 1o go beyond the mass and exploit jet
substructure : groowming and tagaing:

* clean the jets up by removing soff radiation

* identify the features of hard decays and
cut on them



heyond the mass: substructure

* peed 1o go beyond the mass and exploit jet
substructure : groowming and tagaing:

* clean the jets up by removing soff radiation

* identify the features of hard decays and
cut on them

core-idea for grooming:
O
: @ o
® O
"¢




heyond the mass: substructure

* peed 1o go beyond the mass and exploit jet
substructure : groowming and tagaing:

* clean the jets up by removing soff radiation

* identify the features of hard decays and
cut on them

core-idea for grooming:

3k identity the “right”
angular scale




heyond the mass: substructure

* peed 1o go beyond the mass and exploit jet
substructure : groowming and tagaing:

* clean the jets up by removing soff radiation

* identify the features of hard decays and
cut on them

core-idea for grooming:

3k identity the “right”
angular scale

3k throw away what is soft
& large angle

3k left with a groowed jet



heyond the mass: substructure

* peed to go beyond the mass and exploit jet
substrueture : grooming and tagqing:

* clean the jets up by removing soff radiation

* identify the features of hard decays and
cut on them

core-idea for 2-body tagginag:

1




heyond the mass: substructure

* peed to go beyond the mass and exploit jet
substructure : grooming and tagging:

* clean the jets up by removing soff radiation

* identify the features of hard decays and

cut on thewm
core-idea for 2-body tagging: min(z,1 — 2) > zcut
qu:CF1+(1_Z)2
i h—qg = 1 1 .
symwmedric asymmetric
sharing of sharing of
the energy q 2 the energy




grooming & tagging landscape

Q D@

soft drop @

‘Many available!
in Fastjet or as |

' ~ Fastjet |
jet : ,

relative positions depends on physics tagging
context, kinematics, ete.

plot by G. Salam


http://arxiv.org/pdf/0802.2470.pdf
http://arxiv.org/pdf/1307.0007.pdf
http://arxiv.org/pdf/0912.1342.pdf
http://arxiv.org/pdf/0912.0033.pdf
http://arxiv.org/pdf/1402.2657.pdf
http://fastjet.fr
http://fastjet.hepforge.org/contrib/
http://fastjet.hepforge.org/contrib/

grooming & tagging landscape

filtering @

grooming

soft drop

'Many available
in Fastjet or as |
Fastjet |
contribs |

relative positions depends on physics tagging

context, kinematics, efe. plot by 6. Salam


http://arxiv.org/pdf/0802.2470.pdf
http://arxiv.org/pdf/1307.0007.pdf
http://arxiv.org/pdf/0912.1342.pdf
http://arxiv.org/pdf/0912.0033.pdf
http://arxiv.org/pdf/1402.2657.pdf
http://fastjet.fr
http://fastjet.hepforge.org/contrib/
http://fastjet.hepforge.org/contrib/
http://arxiv.org/pdf/0802.2470.pdf

BPRS method for H—bb

'@ undo last sfaqié’df‘C/A"’blusfering. ® resolve the je’f
o if there’s symwmetric sharing of enerqgy | on a smaller radivs
& significant mass drop, then tag the jet. | @ keep the 3 hardest

e otherwise iterate subjets

2,400 @ H ~
% o S L[] To this study resurrected an “i ible”
S120Fin 112-128GeV | 1 | —wv lss u y esu ec e a" lMpOSSI e
8100: £, =V+Higgs h I
0 L ? i;
3 a0 || T cnanne
- T AN\ . g s
2all T L 3k still very difficult at the LHC !
w NN 77 AN % (|
\\\\\\\\\\\\\\\\\\\\\ N 7
40 b o 1 s s s s
\\\\\\\\\\\\\\\\\\ 3K it sparked interest in this field
20 / ] p [ ]
g4

Butterworth, Pavison, Rubin and Salam (2008)

Mass (GeV)



grooming & tagging landscape

Arbitrary units

_I T 171 | IIIIIIII | T T 17T | T T 17T | T T 17T |_
- ATLAS det=4.7fb'1, \s=7TeV-
— Data 2011 .
0. 1—anti-k, with R=1.0 LCW, No jet grooming applied —
- 600 < pjf‘ <800 GeV, yl <0.8 §
: ...... P 15NPV54 :
0.081- """ oey ATLAS, JHEP 1309
- o= Npy212 (20|3) 076 .
006__ .’?‘,Z***§ 7 ..‘L) L Y B Y
- ’ - ‘47- % H g 0'14—_ATLAS det=4.7 fo, {s=7TeV-
0.04+ s “¢% "5 ‘ N t{ — > i gr?tti?ktz\(l)v?tL R=1.0 LOW, Trimmed (f_=0.05, R_ =0.3) _
I *a 'o... st © 0 12-_6005pjTet<800GeV, l <0.8 N
® A M [} l. AA*t -"é : ...... @ rnnnn 15NPV54 :
0.02F .., Enlhg . £ oAfme s  ATLAS, JHEP 1309
S N e Npat2 (2013) 076 1
O_ > ApNvl clv v b b P 3 0-08__ ? ]
0 50 100 150 200 250 30 - W, .
Leading jet mass, m® [GeV] 0'06:_ Y .‘1 E
_ a = i
0.04 ¢ “, ~
-9 o) i
0.021» . _ o
OFI 111 | 111 1 | I’I_I 1 | 11 1 1 | 11 1 b
0 50 100 150 200 250 300

Leading jet mass, m® [GeV]

relative positions depends on physics tagging
context, kinematics, ete.

plot by G. Salam


http://arxiv.org/pdf/0802.2470.pdf
http://arxiv.org/pdf/1307.0007.pdf
http://arxiv.org/pdf/0912.1342.pdf
http://arxiv.org/pdf/0912.0033.pdf
http://arxiv.org/pdf/1402.2657.pdf
http://fastjet.fr
http://fastjet.hepforge.org/contrib/
http://fastjet.hepforge.org/contrib/
http://arxiv.org/pdf/0802.2470.pdf
http://arxiv.org/pdf/1307.0007.pdf
http://arxiv.org/pdf/0912.0033.pdf
http://arxiv.org/pdf/1402.2657.pdf
http://fastjet.fr
http://fastjet.hepforge.org/contrib/
http://fastjet.hepforge.org/contrib/
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022

recap: the jet mass

— quark jets: m [GeV], for p, =3 TeV
B 10 100 1000

0.3 rrrrr

]
plain jet mass

I odm? o dm?

1 dott- B 1 do™©

2 2

0.2 Prit o 1 do Lo
e X exp | — dm = —
O /2
o m2 o dm
© - -
2
(o

/ line of constant mass

vetoed region

* all-order leading logs: veto emissions which would give too

big a mass

* exponential that gives the no-emission probability

* jet mass distributions exhibits double logs



recap: the jet mass

quark jets: m [GeV], for p; =3 TeV quark jets: m [GeV], for p; =3 TeV

- 10 100 1000 10 100 1000

0.3 mm™r———rrmr———rrr— 0.3 rrrrr—————r—r—r—rrrr—
plain jet mass plain jet mass

0.2 0.2

Q Q

© ©

3 S

2 2

oR (oN

* all-order leading logs: veto emissions which would give too
big a mass

* exponential that gives the no-emission probability

* jet mass distributions exhibits double logs



and how groomed masses

0’1"25 - SO
exp[gl(asL)/
xs+{ sl )+ ot

SS(O(SL)‘*." J

quark jets: m [GeV], for p; =3 TeV
10 100 1000

plain jet mass
, "emnunm Trlmmer (Zcut=0'05’ I:{sub=0'3)

= = = Pruner (z,,=0.1)

| === MDT (y,=0.09, u=0.67)

o
o

) 18n8]-uopied ‘euny (@ ‘v°9 BIAL 10N “L=H YIm /O siep

p/odo /dp

0.1

A8l € < 'd ‘bb<bb ‘(jg|\ ou

* different groomers / taggers appear to behave quite
similarly



and how groomed masses

quark jets: m [GeV], for p; =3 TeV
10 100 1000

]
plain jet mass

. g
.
>

. =,

| enaaas Trimmer (z,,=0.05, Ry,,=0.3) {°

1}

= = = Pruner (z,=0.1) =

o

02 b === MDT (=009, u=0.67) 4:
: >
»

Q

=

o . .ew, h SJD

o ‘. H

0. ‘Q g

. 2

e - §~~ “ g

. B Y . N ‘ens . 1:
24 : ~ * %

. 1

[ L4 : . &

b o g

. -

.’ L PR PP K

* byt only for a limited kinematic region!
* cowmplicated algorithm with many parameters
* can we compute groomed mass distributions?

p/odo /dp




trimwming as an example

Krohn, Thaler and Wang (2010)

discard subjets
ﬁ @
With < Zeut Pt

recluster

on scale Rsub

1. take all particles in a jet
and re-cluster them with a
smaller jet radius Rep < R

2. keep all subjets for which
pvblet > Zoyt Pt

2. recombine the subjets to
form the trimwed jet




Soft gluons off a
hard parton (a quark
for definiteness)

* the action of a groower is to remove sowme of the allowed
phase space (typically soft and soff-collinear)

* what are the consequences for physical observables, e.g.
the jet mass ?



trimmed mass at LL

log + : * One emission
2 5 P sets a mass m
: smaler p=m2/ ®2pr) 3k V@10 eMISSIONS
I that would give

100 big a mass
* trimming here
has no effect

P 1 do
Sp)= [ dp =52
(p) / ey

line of constant

° . .
° 1
o |
./m22PQ'pgNZ(1 _3()9219%
o |
- ' vetoed region




trimmed mass at LL

* first transition
at p = Zeut

* soft & soft
collinear
radiation is
trimwmed away

* only single logs!

7

smaller p = m2/ (R2 p7?)

=& = Zcut




trimmed mass at LL

* second transition
at p = Reun?/R2 zyyt
* soft & soft-
collinear radiation
below angular
resolution isnt
trimmed away
* back to double logs
(same as plain
mass)

7

smaller p = m2/ (R2 pt?)

<cut




trimmed mass: MC vs analytics
Modified LL (MLL): LL + hard collinear * running coupling

Pythia 6 MC: quark jets Analytic Calculation: quark jets
m [GeV], forp;, =3 TeV, R =1 m [GeV], forp; =3 TeV, R =1
10 100 1000 10 100 1000
Trimming Trimming
Reyp = 0.2, 25y = 0.05 = ] ' Reyp=0.-2, 2;t=0.05 = ]
Rsub =02, 2 = 0.1 = == Rep=0.2, Zo1=0.1 — — =
a 0.2 - a 0.2 F -
© ©
) )
© ©
2 2
S c

* trimming is active (and agaressive) for zeut <p < Rep?/R2 Zoys
* not active below because of fixed Rup



pruned mass: MC vs analytics

Ellis, Verwilion, Walsh (2010)

Modified LL (MLL): LL + hard collinear * running coupling

Pythia 6 MC: quark jets
m [GeV], forp;, =3 TeV, R =1
10 100 1000

0.2 Pruning, 2, t=0.1 = -
Y-pruning, 2, 4=0.1 = = = |
l-pruning, z;=0.1 ===

p/odo /dp

p/odo /dp

0.2 |

Analytic Calculation: quark jets

m [GeV], forp;, =3 TeV, R =1

10

100 1000

Pruning, 2, =0.1 = -
Y-pruning, 2, 4=0.1 = = = |
I-pruning, z¢;;=0.1 ===

* wmore complex structure, no simple exponentiation
*  single logs for zewt%¢p < Zeut



mMPDT mass: MC vs analytics

Pasqupta, Fregoso, SM, Salam (2013)

Modified LL (MLL): LL + hard collinear * running coupling

Pythia 6 MC: quark jets Analytic Calculation: quark jets
m [GeV], forp;, =3 TeV, R =1 m [GeV], forp; =3 TeV, R =1
10 100 1000 10 100 1000
0.2 rrrr————rrrrr——r——rrrrr—— 0.2 rrrr—r——rrrr——r—r—rrrrr——
mMDT Yout=0.03 = mMDT Yout=0.08 ——
YCut=O-13 —— ycut=o-13 — -
Your=0-35 =+ = 1 F Yeu=0.35 (some finite yg ) ===

p/odo /dp
p/odo /dp

* MPDT has only single logs at LO
* wmodified MPT maintains this feature to all orders



homework 0

Show that the leading-order mass distributions for MPT
and pruning are single-logarithmic. (This doesnt hold at
higher orders!). Use the deﬁniﬁon below

‘; 1. Undo the last stage of the C/A clus’rermg l

Label the two subjets j; and jz2(m; > mz) |
| 2. If mi< uwm (mass drop) and the splitting was
| not t0o asymmetric, ie

| pruning radivs Kpnme =m/ pt |
1 | 2. Re-cluster the Jeffve’romg recombination |
or |

which: dij > Rorune and

min(py;, pej)
Dti T+ Dt

> Zcut

tag the jet.
Otherwise redefine j = j1 and iterate.

[Hmf] conslder as in ’rhe lecfure the emission of a collinear
gluon off a quark. Take the small-z: limit to simplity your
expressions.



analytics fo check MCs

* g0 far we have always compared to a single MC
simulation
* how solid are MC descriptions ?

m[GeV] forp =3TeV, R=1 * take the spread as the
6435 (OW) vinuaity ordered —— - uncertainty 7
01T b6 4C) oy ordered —-— * but we can also add the
| | analytic calculation
E k:\ FERRZIoTTTS |
2 NN - e~ \\\\




0.1 F

p/odo /dp

analytics fo check MCs

* g0 far we have always compared to a single MC
simulation
* how solid are MC descriptions ?

m [GeV], forp; =3 TeV, R =1
10 100 1000

[ v6.428pre (P11) p; ordered =::--- '

ty N
k *Y .;-N-ﬂ~~—~\—\
L} v N

| v6.425 (DW) virtuality ordered == = = |
v6.425 (P11) p;ordered = = = |
v8.165 (4C) p; ordered ==« = |

Analytics  —

L 4

]

8§ 4,
s 'S
“,e"

[ pt,jet >3 TeV

KW

[ mMDT (y,, =0.13)
1 1

10°® 10 0.01 0.1 1

o = m?/(pZ R?)

* take the spread as the
uncertainty ?

* butwe can also add the
analytic calculation

* problem in the shower:
fixed by the Authors in
the 6428pre version



analytic understanding at work:

s O ff d ro p Larkoski, SM, Soyez and Thaler (2014)

1. Undo the last stage of the C/A clustering. Label the two
subjets ji and j2.

Groomed
Clustering Tree

2. If min(pr1, pra) >Zcut<AR12>5 R

PT1 + P12

then deew j to be the soft-drop jet. e

Zg > Zcut egB

% Otherwise redefine j to be the harder subjet and iterate.

1-prong jets can be either kept (grooming mode) or discarded (tagging mode)

* generalisation of the (modified) Mass Drop procedure
* no mass drop condition (not so important)
* mMOT recovered for =0 " Daatpta reqss, SM and Salam (2018)
* some inspiration from sewi-classical jets

Tseng and Evans (2013)



soft drop as a groomer

* yseful to consider
the soff-gluon
phase space

* soft-drop
condition becomes

* soft drop always removes soft radiation entirely
(hence the name)
* for §>0 soff-collinear is partially removed



soft drop vs trimming

e trimwming had an
abrupt change of
behavior due to

fixed Rsub

e insoff-drop
anqular
resolution
controlled by the
exponent

® phase-space
appears smoother

Soft drop in grooming mode (#>0) works as a dynawmical trimmer



soft drop and mMDT

o useful to
consider the soft-
gluon phase space

© sof{-drop
condition becomes

e soft drop always removes soft ;’adia’rion entirely (hence the
name
e for (=0 soft-collinear is also entirely removed (MMPDT limit)



soft drop as a tagger

o useful to
consider the soft-
gluon phase space

soft dropped e  soft-drop
condition becomes

e soft drop always removes soft ;'adia’rion entirely (hence the
name
® for <0 some hard-collinear is also partially removed



soft-drop mass at LL

* 0ne ewmission
sets a mass m

* veto emissions
that would give
100 big a mass

* soft drop here
has no effect

P 1 do
Y(p) = dp' — —
(p) / P

soft dropped /

smaller p = m2/ (R2 pt?)

line of constant
m* = 2pg - pg = Z(l _)()9219%

vetoed region




soft-drop mass at LL

* only one
transition point
at p = Zeut

soft dropped /

smaller p = m2/ (R2 pt?)

* goft & soft
collinear
radiation is
partially
removed

* only single logs
for (=0!




soft-drop mass: MC vs analytics
Modified LL (MLL): LL + hard collinear * running coupling

0.25

Pythia8, parton

0.25

Analytic

1 II 1 1 II 1 1 II 1 1 II 1 1
plain jet dashed: one em. ,

|0 =m?/p}

* swmooth distributions

* flatness in bkg can be achieved for =0
* pow standard choice for CMS

| II | | II | LI |
plain jet
— B= — PB=2 solid: mult. em.
0.2 | — P=1 =
—— =0
& B=-0.5
©) 15 |
3 015 R=1, p>3 TeV
'g Zo,1=0.1
@\1_ 0.1
o
0.05
O A AN B
10° 10° 10" 10° 102 107 10°
2
c
More Grooming l l l l Less Grooming l
i >
B = —o0 B < O B = B > O B —
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precision jet substructure

L esusTRLrosjerSubsirucare | using SCET,
| | precision pushed

500

2501_ 13 TeV, pp = Z+j, prs > 500 GeV,R =0.8 _ r 13 TeV,pp —» Z+j, prs > 500 GeV,R =0.8 ]
_ L - 2 =0.1,5=0 - [ - 2w =0.1,5=0 _: ‘l'o NNLL
£ 200f - Ze =01, 5= 1 1 e e =01 f=1 ]
517 E I 5|E 300f = ]
| sEm . ' |* no non-global logs
; s i e SEERN :
_: 200— ‘,’,;f B — 0—”—,¢‘§:“\“ -
[ ] [ L \ ]
3 ; 100 ;.--7;.4"5"" i\ ; * "0 co Our
: ] :—"' \ ‘. ]
of ‘ ‘ ‘ ] of ‘ ‘ ‘ LSS H
10-5 10-4 0.001 0010 0. 1()() 1 1073 107% 0.001 0.010 0. 100 1 corre aflo “s
m mj
Y 2
pr pr -
NLL+ NNLL+ 2 Frye, Larkoski, Schwartz,
i i Yan {2016}
CMS Preliminary 2.3 b7 (13 TeV) = e . r ' .
\ c - | ATLAS ® v |
‘bs 9O 0.025 — 650 <p_<760 GeV g T ys=12Tev 291" B Athaod i
3] - e Dat e - andies, ReN.A, P > 620 GV Sherpa 2.t -
%K 8 0.02 — 1 Sta;lf.I + Syst. Unc. g b — Satt dwop, fi =0sz~ =01 z :'g:::;a ! "‘)l':wN,ﬂ_h -]
@ [ Stat. Unc. L = BN LONML el
8 - Pythias & 2 NIONLLeN
% O 0.015— —— HERWIG++ § I 5 -
o NS ===+ POWHEG + PYTHIA8 = = .
Q N TR € ——‘—ﬂm“’.“ . .
‘b = 0.01f ; .
£ : § -
2 0.005 - e $ ——t—
% LI T R .
a =
> - = 4 =
o) £ I rnkern . =
) X T * e e RRS. SRS L 'S
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- 0.5 100 1 000 A - ekl - —12 PR -11 ]
- - . ., attcran ; Y -
CMS PAS { 6 01 () Groomed jet mass (GeV) arXiv:1711.08341 log Jim o
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homework 7

* 0 back to homework 4 and now
calculate the contribution to the sof{-
dropped jet mass from the dipole which is
formed by the initial-state partons



more robust

deeper understanding

QCD calculations, ete.

symmary of lecture 3

* boosted-object physics
* groowing and tagging

* precision substructure
physics with soft-drop

ideas, phenomenology, gl
MC simulations, etc.  movre efficient

119



more robust

deeper understanding
QCD calculations, etec.
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suymmary of lecture 3

35.9 fb™ (13 TeV)
T I T T T I T T T I T T T I T T T I T T T I T T T

%0 60 80 100 120 140 160 180 200
Mgp (GeV)

% 8000 _ 7 E

> u -

0] o CMS_ 450 <p_ <1000 GeV f_,'ﬂ'%v .

~ 7000k Freliminary  q pieptag>0e -t —

_ = --- Multijet .

o - # Total Background 7

£ 6000~ mm H(bb) =

S C ¢ Data —

> - ]

[ 5000 =
4000 |— —
3000 -
2000 E
1000 |- -

0 | 'i'_'_'_;__ P N o [ lod L

2 5 4§ N

S| ® ,,,,.i"'l H,

Eoﬂ 0 ¢ bt g '---W

|

8 -5

©

)

ideas, phenomenology, ot
MC simulations, ete.  move efficient
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resources

* (. Salam: “Towards jetography”

* (. Soyez: "Pileup mitigation at the LHC: a
theorist's view”

* the BOOST report series

* SM, M. Spannowsky, ¢. Soyez, in
preparation



