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Tagging boosted objects

Pt >m

Standard lore: W/Z/H
reconstructed as 2 jets
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Tagging boosted objects

pr S m pt > m
Standard lore: W/Z/H Boosted case: W/Z/H
reconstructed as 2 jets seen as 1 jet (as q/g)
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Tagging boosted objects

pt > m
Standard lore: W/Z/H Boosted case: W/Z/H
reconstructed as 2 jets seen as 1 jet (as q/g)

Use jet substructure to separate W/H/Z from q/g |
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Tag 2 hard prongs: modified Mass-Drop Tagger (mMDT)

ldea #1: find 2 hard cores/prongs in the jet

mMDT

(modified) Mass-Drop tagger (mMDT)

@ Cluster the jet with Cambridge/Aachen (from small to large angles)

@ lteratively undo the last recombination j — j1 + j»

» if z=min(pe1,Pr2)/Pt > Zcur, We have found 2 prongs (stop)
> otherwise, continue to iterate with the hardest of j; and ),

[J.Butterworth,A.Davison,M.Rubin,G.Salam; 08]
[M.Dasgupta,A.Fregoso,S.Marzani,G.Salam; 13]
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Constrain radiation: N-subjettiness

ldea #2: W /Z/H and q/g have different radiation patterns

@ typically: smaller radiation in X — qg than q/g

@ several measures of radiation in a jet (usually jet shapes)

N-subjettiness

B
7’2(/6) (_]et' axes) Zi€constits Zi mln(al ,a2.1? 01 ,a2, 2)

(_]et axes) Zieconstits Zi 0;331 1

[J.Thaler,K.Van Tilburg; 11]
Note: Here we focus on

@ [ =2: simpler because “mass-like" (brief comparison to 3 = 1 later)

@ generalised-k;(p = 1/2 = 1//3) axes (close to optimal)
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Analytic structure of taggers in cartons J
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Anatomy of the phase-space (at Leading Log)

log( z 0)
1 Emissi ith
mission wi
mom fraction z 1 —X <
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log(1/ 6)
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Anatomy of the phase-space (at Leading Log)
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Anatomy of the phase-space (at Leading Log)

log( z 8)

|

)

Emission with

mom fraction z

Grégory Soyez

log(1/ 6)

Jet "mass’: (z101 > z202 > ...)

2

m
2 2
p T2 = E zi0; ~ z107
Pt i€jet

N-subjettiness:
T =P

n
Ty = E Z,'9,-2 ~ 22(93
i=2
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Anatomy of the phase-space (at Leading Log)

Grégory Soyez

log(1/ 6)

(full) jet mass spectrum

@ veto on larger-mass (Sudakov)

asCr

Reun ~ log?(1/p)

@ emission of given mass

Qg CR

Rméuu ~ —— log(1/p)
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Anatomy of the phase-space (at Leading Log)

(mMDT) jet mass spectrum
——— = Rimpt &<P(—RmmDT)
@ veto on larger-mass (Sudakov)

asC

R log(1/p) log(1/zeut)

RmMDT ~
T

@ emission of given mass

, asCr
mMDT

- log(1/zcut)

Grégory Soyez

. Smaller R — less bkg suppression
log(1/ 6
9(1/6) Smaller R — more bkg suppression

[M.Dasgupta,A.Fregoso,S.Marzani,G.Salam]
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Anatomy of the phase-space (at Leading Log)

pT

-

log(1/ 6)

jet mass with a cut 71 < 7
= Réull exp(—Reun—Rr)
<T

Extra suppression

C
LR 1og?(1/p)

Reun ~

becomes

a

C
Rfull + RT ~ ;ﬂ_R |0g2(1/p7-)

[M.Dasgupta,L.Schunk,,GS]
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Anatomy of the phase-space (at Leading Log)

log( z 0)
A
WATH OUT:
p
Rm sensitivity to soft-large-angle
pt e.g. UE and pileup (+hadr.)
R = poor control
T

log(1/ 6)
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Anatomy of the phase-space (at Leading Log)

SOLUTION:
“groom” (remove) that region

Can be done by “SoftDrop”
@ smaller suppression
@ better control

[see Frederic's talk tomorrow]

log(1/ 6)
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Main question for this talk:

How can we combine prong-tagging
and radiation constraint?

[G.Salam,L.Schunk,GS, arXiv:1612.03917]
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https://arxiv.org/abs/1612.03917

Various possible combinations

Take a jet after tagging (mMDT) and impose a cut 71 < 7 J

3 options for the computation of 7

Tagged Full dichroic
full full
tagged Tg’“MDT full _ T2 dichroic __ 72
To1 = mMDT 721 7_full 721 - 7_mMDT
71 1 1
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Various possible combinations

Take a jet after tagging (mMDT) and impose a cut 71 < 7 J

3 options for the computation of 7

Tagged Full dichroic
full full
tagged __ 5 MDT Aull — 72 Tg{ChYOiC __D
T = 21 full — _mMDT
21 7.{nMDT 7_lu T
currently used NEW
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4 phase-space regions

log(z ©) log(z 6)
A background A
(QCD)

signal
(W/Z/H)

log(1/6,,)  l0g(1/6)
in mMDT but at larger mass (vetoed for QCD jets)
inside mMDT, small angles (hard prong)

log(1/6,,) log(1/6)

outside mMDT, large angles (absent in signal)

oo w >

soft prong: Mostly q/g discrimination; neglected hereafter
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Compare the 3 variants on simple situations

ang < z;ﬁi < 2305 zbﬁi < ang < zaﬁg zb% < zaﬁg < ang
log( z 8) log(z 6) log( z 8)

. log(1/ ©) . log(1/ ©) . log(1/ 8)

bkg sig bkg sig bkg sig
tagged b/a b/a b/a b/a b/a b/a
full b/a b/a c/a b/a a/c b/a
dichroic | b/a b/a c/a b/a a/a b/a

Same for the signal J

Background: 7gichroic is the largest
= better discrimination
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How does it work?

log( z 6) log( z ©)
A

dichroic

dichroic T
21,groomed

721

log(1/ 6) log(1/ 6)
do
gd_p = R o7 exp(—RovpT — Rr) @ small pre-factor
<r @ large Sudakov
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Monte-Carlo validation
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Signal v. Background distributions

T3 distribution — Pythia8

1.2 T T
ww dijets
-—— groomed mass, T4 5omed
1 | === —— tagged mass, t599¢d i
=== = tagged mass, TEL;'I,Igrogmed @ Similar signal
-— tagged mass, TS eq 0
. 98 [ groomer: SDp_5(Zcy=0.05) Prjer>2TeV | distributions
7'_‘: tagger: mMDT(z¢,+=0.1) 60<m<100 GeV Y background Iarger for
-8 parton level | 1 dichroic
S g
= ©
N -
F @
1%
z = dichroic gives the
17 best discrimination
g
5
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Significance v. NP sensitivity

performance for various p; cuts

6 T T
tagger: mMDT(z¢;+=0.1)
E 5 N -
el
g
2, o fix T to get 5gad'°":O.5
=z p>3000 GeV
)
) 25008 @ S/VB v. NP effects
.. 2000 Q
g 3 15000 i
S 1000 @ 3 o
O 500 @ _ A o«
£ Koo g
(2] S . .
5 2 Bl dichroic (black)
> g @ improved significance
S T 13 .
S 3% prag, T 60 <m <100GeV |q @ non-negligible NP effects
ichroi es=0.5 s
0 02 04 06 08 1 1.2

Background NP effects: gfjadron/ggarton
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Significance v. NP sensitivity

performance for various p; cuts

6 T T T T
groomer: SDg—2(Gcyt=0.1)
tagger: mMDT(z¢;+=0.1) P>3000
GeV
. 5 |
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S
2
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kS 1500
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Background NP effects: gfjadron/ggarton
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comparison to other methods

Signal significance: (gg/V gg)hadron

mMDT+Tgichroic v other tools

—.—‘ mMDTJ‘rr‘z’ifg‘rrgganeduﬁo.A)
- © = mMDT+Tdidic (4<1

L - 13- SD@E=2 2,=0.05+Ym-Split.(ye=0.11)
—l— Y-Split.(ye=011) + trimM.(fyim=0.1Ryim=03)

[ —>¢— SD(p=2, z,+=0.05)
—+— MMDT(zu=0.1)

Pe>3000 GeV

2500

1500

i
|
|
1
|

2000 |
'
P
i
|
i

1000

500

60 < m < 100 GeV
| |

0 0.2 0.4 0.6 0.8 1
Background NP effects: gfjadron/egarton

Outperforms other tools

(see Mrinal’s talk tomorrow)
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=1

13 TeV, Pythia(8.186), R:

Vs=

]

Signal significance: (eg/V eg)hadron

Dichroic N-subjettiness ratio

mMMDT-+Tichroic; other B./axis choices

T T T T
lungroomed groomed 1 (€5=0.4)
-©- —@— B.=2E-scheme '
[ —A- —&— B.=1,E-scheme : 4
-E- —— B=1LWTA ;
i
i hA pi>3000 G:V )
1 2500 ? E
A 2000 4%
» # 1500 5
4 1000 3
r é 500 ! 1%
: £
L \ J&
! >
i @
= tagger: mMDT(z¢,t=0.1) 4 @
60 < m < 100 GeV groomer: SDg_(Cc¢=0.05) | &
Il Il Il Il Il
0 0.2 0.4 0.6 0.8 1 1.2

Background NP effects: gjadron/ggarton

Preference for § = 2

(experiments use 8 = 1)
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Towards a better analytic control J
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Calculation: idea

Target accuracy:
@ 7 < 1: Include all double logs: af log?"(1/any of p, T)
@ 7 finite: Include leading logs of p: aflog"(1/p)f(7)
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Calculation: idea

Target accuracy:
@ 7 < 1: Include all double logs: af log?"(1/any of p, T)
@ 7 finite: Include leading logs of p: aflog"(1/p)f(7)

Details:
@ Start with 71 for the full jet
o E tiall ks f dichroic __dichroic (8=1) D> M
ssentially works for 71, 75; ' To1groomed: 721+ D2, M2, T35
@ Ungroomed or groomed variants (almost) straightforward
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Calculation: idea

Target accuracy:
@ 7 < 1: Include all double logs: af log?"(1/any of p, T)
@ 7 finite: Include leading logs of p: aflog"(1/p)f(7)

Details:
@ Start with 71 for the full jet
o E tiall ks f dichroic __dichroic (8=1) D> M
ssentially works for 71, 75; ' To1groomed: 721+ D2, M2, T35
@ Ungroomed or groomed variants (almost) straightforward

Consider n emissions (z1,61), ..., (zn,0p)
At thIS aCCUt’aCy, we haVe (thanks to “8 — 2 and axes choice)

— — n 2
° p=T1 =) 142z
— .2 .
@ T =T1 I |aX{Z,0i} (min or gen-k; axes)
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Calculation: method

Start from multiple-emissions assuming “emission 1 most massive”

prdo o exp[ /21 40" P(z)dz asz(;g)}i(nll)!

o dpdr >0 62>¢ 92

n

L gp? s(zi0;)
I1 / 02' (z,-)dz,-% He(z,-e,.2<219$)

92
i—1 07 >¢

z, 7'(5 (1 — 2,9 / z,¢9
2 2)

@ Virtual corrections
@ Real emissions phase-space (with “1" most massive)

@ Constraints on mass and 7
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Calculation: method

Only depends on p; = z;6? (thanks to 3 = 2)

pr d*c . Ydp ] 1
7 = [ ZER ot
o dpdrt ey &P [ /G p (%) nz_:Q (n—1)!

n 1 d/) n
H/ = R'(pi) [[©(pi < p1)
i=17¢ i=2

p
po(p =D p)To(T = _pil > _ p1)
i=1 i=2 i=1

o R(p) = [ 4 P(2)dz242 ps(p — 26°) ~ s log(1/p)
@ Easily written for SoftDrop (use R = Rsp)
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Calculation: method

Only depends on p; = z;6? (thanks to 3 = 2)

pr d%c dap - 1
7 = R =
o dpdr efbeXp[ /G p (7) nz;(nl)!

H/( dp, H@p, (1—7)p)

pd((1=7)p = p1) pré(p7 = > _ pi)

=2

@ Competition between 2 constraints
@ Different behaviour for 7 < 1/2 and 7 > 1/2
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Calculation: method

After “"CEASAR-like" manipulations:

pr d%c T<1/2 e~ R(p7)=7eR (p7) R'((1 —7)p)

o dpdr —  T(R(m) 17
r>1/2 e~ Rp(A=7))=7eR (p(1-7)) R'((1 - 7)p)
a F(R'(p(1 —7))) 11—+

x ot (7 R (p(1 = 7))

Note: 7 = 1/2 is the limit at which we need more than 2 emissions and

e VER - N VR n
WfME(X, R') :El'_rn) _ 6 7],‘9 R’ log(1/ )5(X—ZXI'),

n=1 i=1 i=1
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Comparison with Monte-Carlo

3 s | @ Uncertainty band:
25 | analytic Vary between p, p/2 and 2p
Pyjer=3 TeV . .
°

Lot e oo ] 1+ O(as) normalisation
ks .
2 sl | @ Good overall description
IS prE-SDﬁfff:{a.os
s Ll 1

0.5 b

| | |

O Il Il Il L L
0 010203040506070809 1
To1
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Comparison with Monte-Carlo

: Pythias @ Uncertainty band:
25 analytic Vary between p, p/2 and 2p
Pyjer=3 TeV . .
2 b e oy @ 14 O(as) normalisation
15| @ Good overall description
! (B=2)

Pre-SPiaco0s o Kinks
' » 1/2: 7 > 1 requires > 3 emissions
1 Smeared by subleading effects
ol N ‘ > 0.34: Start of 2ndary emissions
0 0.1 020304050607 0809 1 Exact position subleading

To1

1/o do/dty,

0.5 {
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Comparison with Monte-Carlo

25 — @ Uncertainty band:
.| analytic | Vary between p, p/2 and 2p
5 Pyjer=3 TeV . .
g mocer | © 1+ O(as) normalisation
&d @ Good overall description
% pre-SD-2), oo .
! *>> 1 @ Kinks
- » 1/2: 7 > 1 requires > 3 emissions
05 Smeared by subleading effects
0 ‘ ‘ ‘ » 0.34: Start of 2ndary emissions

0 05 1 15 2 Exact position subleading

(dichroic)
Ta1 . dichroic
® Works also with 75;
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Conclusions

Designing new substructure tools

@ Jet substructure starts to be understood from first principles
® New step: from understanding to building new performant tools

@ rdichroic 35 an example of such new tool

Analytic/resummation side

@ same strategy working for a family of observables
o Repetitive appearance of the same objects
@ TODO: match to exact @ (or to 1 — 3 collinear branching)

@ Assessment of theory uncertainties
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