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Parameters:

e [
o give more or less weight to large/small angles
o 3 ~ 2 seems slightly preferred in MC simulations
@ [ ~ 1 should be less sensitive to non-perturbative effects and PU
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Parameters:

e [

o give more or less weight to large/small angles

o [ ~ 2 seems slightly preferred in MC simulations

o [ ~ 1 should be less sensitive to non-perturbative effects and PU
@ choice of axes:

o optimal, declustering, winner-takes-all, ...

o For a given 3, generalised-k;(p = 1/3)~optimal

o use WTA for 5 <1
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Parameters:

e [

o give more or less weight to large/small angles

o [ ~ 2 seems slightly preferred in MC simulations

o [ ~ 1 should be less sensitive to non-perturbative effects and PU
@ choice of axes:

o optimal, declustering, winner-takes-all, ...

o For a given 3, generalised-k;(p = 1/3)~optimal

o use WTA for 5 <1
@ choice of jet:

o What to do with soft-and-large-angle emissions?

o apply on full jet? (more discrimination, more NP Sensitive)

o apply on groomed jet? (less discrimination, less NP Sensitive)
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N-subjettiness
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Parameters:

e 3: focuson 5 =2
o give more or less weight to large/small angles
o [ ~ 2 seems slightly preferred in MC simulations
@ [ ~ 1 should be less sensitive to non-perturbative effects and PU

@ choice of axes: focus on gen-k:(1/2) (or optimal)
o optimal, declustering, winner-takes-all, ...
o For a given 3, generalised-k;(p = 1/3)~optimal
o use WTA for 5 <1
@ choice of jet: study several options
o What to do with soft-and-large-angle emissions?
o apply on full jet? (more discrimination, more NP Sensitive)
o apply on groomed jet? (less discrimination, less NP Sensitive)
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Concepts
in cartons
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Anatomy of the phase-space
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Anatomy of the phase-space

log( z 8)

|

Example: Jet mass

pdo /
=R —R,
odp ~ Fm exp(—Rm)

veto on Iarger—mass (Sudakov)
R ~ %55 log?(1/)

emission of given mass
R, ~ %2 log(1/p)

Grégory Soyez

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

log( z 0)

A
Jet mass with a cut on 71:

do
Rn P PEON — R exp(—Rm—Ry)
Udp <T
pT
R Extra suppression
' R ~ %52 log?(1/p)

becomes  Rp, + R; ~ a;gf" log?(1/7p)

log(1/ 6)
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Anatomy of the phase-space
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Grégory Soyez

Better use of jets shapes

Jet mass with a cut on m1:

d
pao :R,’n exp(—Rm—Ry)

Udp

Extra suppression
R ~ %55 log?(1/p)
becomes Rm + R, ~ a;g’? log?(1/7p)

Soft-and-large-angle radiation:
@ performance gain (R;)

o large NP effects
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Anatomy of the phase-space

log( z 8)
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Better use of jets shapes

Jet mass with SoftDrop+a cut on 71:

pdo
— = Rép exp(—Rsp—Ry.sp)
SD, <t

;dp

Reduced NP sensitivity

But less performant:

R + Ry ~ %58 log?(1/7p)
becomes

Rsp + Rysp ~ %<& % log?(1/7p)

log(1/ 8) but R, < Ry,
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Anatomy of the phase-space

log(z 0)

A mMDT(=SD(8 = 0))+a cut on m1:
pdo /
—— = Rup exp(—Rvp—FR-MD
& dp | <» mD exp( )

Efficient 2-prong tagger

Even less performant 7 cut:
Rvp + Ry ~
~ a;g’? log(1/zcut) log(1/7p)
but Ryp < Rep

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

log(z 0)

A
Combine the two effects:

@ mMDT to get 2 prongs
Use that for p and 7y

@ “Gentle” SD to reduce NP effect
Use that for m
7(SD)
71(mMDT)

21 =

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

log(z 0)
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Grégory Soyez

Jet mass with “only” SD:

do
pZe = R¢p exp(—Rsp—Rysp)

o dp SD,<t

becomes our “mixed” case:

= Rup exp(—Rup—R-sp)

mix,<T

@ Larger Sudakov comapred to MD

@ Smaller pre-factor compared to SD

Gain in all cases
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Monte-Carlo validation J
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Monte-Carlo validation

Background rate NP effects
1 3. 12 -
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13 1 b o
4 < <
01F {7 e
- 4 O o
3 ~ 08 ®
= 1= S 5
2 z s :
g oouip N = 06 gl
~ E 1o E o
1] - - 1~ ~ [N
® mass '[g_B_Z) '[(ZB_Z) 1o & =
full  fulful —— 18 04 g
0.001 | SD SD SD —e—omM o
E mMDT mMDT mMDT—4— 34 02 L &
mMDT mMDT SD —e— {1\ o
I mMDT mMDT  full —=— 135 2
0.0001 : : . : 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Tr:ut Tr:ut

@ “Mixed” case shows improvement

@ Trade-off between performance and NP sensitivity
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Monte-Carlo validation

Large NP corr. __better _ small NP corr.
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Monte-Carlo validation

Large NP corr. __better  _ Small NP corr.
I I I N _
pe>3 TeV, R=0.8 mass ¢ 7 T(zﬁ_j)
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Monte-Carlo validation

better

Large NP corr. —————————=Small NP caorr.
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Towards a better analytic control J
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Calculation: idea

Target accuracy:
o 7 < 1: Include all double logs: a?(log?(1/7),log(1/7)log(1/p))"
@ 7 finite: Include leading logs of p: allog"(1/p)f(7)
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Calculation: idea

Target accuracy:
o 7 < 1: Include all double logs: a?(log?(1/7),log(1/7)log(1/p))"
@ 7 finite: Include leading logs of p: allog"(1/p)f(7)

Details:
@ Start with 77 for the plain jet
o Consider n emissions (z1,61),...,(2n,0n)
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Calculation: idea

Target accuracy:
o 7 < 1: Include all double logs: a?(log?(1/7),log(1/7)log(1/p))"
@ 7 finite: Include leading logs of p: allog"(1/p)f(7)

Details:
@ Start with 77 for the plain jet
o Consider n emissions (z1,61),...,(2n,0n)

At this accuracy, we have (thanks to § = 2 and axes choice)
"] p=T1= 27:1 Z,'HI2
o 7 =7 — max{z6?} (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 instead of R = Rp,)
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Calculation: method

After “CEASAR-like" manipulations:

pT d’c r<1)2 e~ R)=ER (1) R'((1 — 7)p)

7dpdr TR 17
r>1/2 e ROA-)=7R (0(1=7)) R/((1 — 7)p)

T T TRGA-) 17

T T , B
X 1 7_fME<1 — R'(p(1 7—)))

o Constraints give p1 = (1 — 7)p, i pi = pT
@ 7 =1/2 is the limit at which we need more than 2 emissions

with ,
e—'y ER . e’} R/n n Xm R o 1/5
I_(R/) fiae (x, R) sl'—"fh n! H Xi € ZX’

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

@ Uncertainty band:
Vary between p, p/2 and 2p

100 T
—— Pythia8
analytic i i
o e @ 1+ O(as) normalisation
glainplain @ Small-7 behaviour well reproduced
o 107 E anti-ky(R=0.8) 3
r pe>3000 GeV
5 6.5<Ly<7
kel
° 72.5<m<93.1
e 102 E
1073 —
0.001 0.01 0.1 1

1
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Comparison with Monte-Carlo

@ Uncertainty band:
Vary between p, p/2 and 2p

25
" Pythiag L
analytic(norm) —— | @ 1+ O(a;) normalisation
20 | , o
Thaingplain @ Small-7 behaviour well reproduced
- i-k((R=0.8; . .
gosp ap':;'sgf)oee\% @ Good overall description
L 6.5<L,<7 :
E 10 72.5<m<9p3.1, ° KInkS
— . 1 . . .
> 1/2: 7 > 3 requires > 3 emissions
0s L | Smeared by subleading effects
» 0.34: Start of 2ndary emissions
oo 1 NG Exact position subleading

0O 01 02 03 04 05 06 07 08 09 1
T21
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Comparison with Monte-Carlo

@ Uncertainty band:
35 — Vary between p, p/2 and 2p
_P(yth|a8 e . .
a0l analytic(horm) — | @ 1+ O(as) normalisation
SD,.SD .

25 I 1, Iy @ Small-7 behaviour well reproduced
g 20 j:j;;gﬁ:gg, @ Good overall description
S 6.5<L <7 :
8 15 |- 72.5<m<9p3.1* o Kinks

>1/2: 7> % requires > 3 emissions

Hor | Smeared by subleading effects

05 - » 0.34: Start of 2ndary emissions

ool 1y L Exact position subleading

0 01 02 03 04 05 06 07 08 09 1

- @ Works also with grooming
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Comparison with Monte-Carlo

@ Uncertainty band:
30 : : : Vary between p, p/2 and 2p
_P(ythia8 — L
2l analytic(norm) —— | @ 1+ O(as) normalisation
' SD, mMDT .
oo @ Small-7 behaviour well reproduced
2.0 : - N
& ap':;'slgéﬁ'gg @ Good overall description
s 15 6577 ¢ Kinks
g 72.5<m<93.1 . o
>1/2: 7> % requires > 3 emissions
Smeared by subleading effects
» 0.34: Start of 2ndary emissions
Exact position subleading
° o ! . e 2 ** @ Works also with grooming
21
@ Similar also for “mixed”

(mMDT+SD)
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More generic cases

o f=1:

Two different orderings (mass and k;)

but k; ordering has simplifications

Preliminary results on the way

More complex: 3 “numerical” integrations instead of 1

¢ € ¢ ¢
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More generic cases

o f=1:

Two different orderings (mass and k;)

but k; ordering has simplifications

Preliminary results on the way

More complex: 3 “numerical” integrations instead of 1

¢ € ¢ ¢

@ Different axes choices:

o Again two different orderings to consider
o Expected to be doable in a similar fashion

Grégory Soyez Better use of jets shapes Boost 2016 - July 18 2016 12 /13



More generic cases

o f=1:

Two different orderings (mass and k;)

but k; ordering has simplifications

Preliminary results on the way

More complex: 3 “numerical” integrations instead of 1

¢ € ¢ ¢

@ Different axes choices:

o Again two different orderings to consider
o Expected to be doable in a similar fashion

@ Energy Correlation Functions:
@ Also consider computing e; and e3 on different jets
o Again two different orderings to consider (z62 and z6*)

o Preliminary results to be validated (4 “numerical” integrations instead
of 1)

Interesting to compare with SCET results (also conceptually)

<
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More generic cases

o f=1:

Two different orderings (mass and k;)

but k; ordering has simplifications

Preliminary results on the way

More complex: 3 “numerical” integrations instead of 1

¢ € ¢ ¢

@ Different axes choices:

o Again two different orderings to consider
o Expected to be doable in a similar fashion

@ Energy Correlation Functions:

@ Also consider computing e; and e3 on different jets

o Again two different orderings to consider (z62 and z6*)

o Preliminary results to be validated (4 “numerical” integrations instead
of 1)
Interesting to compare with SCET results (also conceptually)

<

@ T3»: extends almost straightforwardly for g = 2
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@ Combination of tagging, shape constraint (and grooming)
based on first-principle understanding

@ generic method to compute jet shape distributions

easier for 7'2(’?:2)

@ Finalise 7./~ and D,

@ Match to fixed order (also for signal)

@ Parameter optimisation based on analytic calcualtions
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Better use of jets shapes
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Calculation: more details

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: more details

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 instead of R = Rp,)
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Calculation: more details

Use mass constraint to get rid of /i = 1 integration (and rename emissions)
o0

pr d%c Ydp . 1
o dpdT_elm)eXp[ /6 p R(p) Zn!

n=1

H/( dp, H@p, (1—17)p)

R (‘lljj)p) — Zpl

Have to consider 2 cases:
@ 7 < 1/2: The constraint pr =), p; implied p; < (1 —7)p
@ 7 > 1/2: The upper bound on p; is set by p; < (1 —7)p
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Calculation: more details

For 7 < 1/2, rescale all emissions by pr

o1 d?*c

o dpdr omep [_R(”T)_/:%Rl(m)]i%
H/( ddi (R(pr
R((l 1—ZC:

Notes:
@ We have defined (i = p;/(pT)
@ We have replaced € — pr1e
o After factoring out exp[—R(p7)], all R’ can be taken at p7.
® R and R’ should include a C4 term (~ aslog?((1 — 7)/7))

Grégory Soyez Better use of jets shapes Boost 2016 - July 18 2016 3/5



Calculation: more details

For 7 > 1/2, rescale all emissions by p(1 — 7)

T d%c 1 4= .
e =imee | -RE0 ) [T rea-)>
[1/ % Rea-nr
R ((11_—:)0) T ~0( - —-304)
i=1
Notes:

@ We have defined (; = p;/(p(1 — 7))
@ We have replaced € — p(1 — 7)e
@ After factoring out exp[—R(p(1—7))], all R’ can be taken at p(1—17).
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Calculation: more details

In the end, we get

pT d’c r<1)2 e~ R)=ER (1) R'((1 — 7)p)

sdpdr  TRGT) 17
r>1/2 e ROA=)=7eR (0(1=7)) R/((1 — 7)p)
- F(R"(p(1 = 7)) 1-7

T

x ——fue (77— R (p(1 = 7))

We have defined

R — R" i R0 :
—R’log(1/¢) _ .
TRY fme(x, /L'\’)—Ellﬁm0 | |/€ d(x iE—l Xi),
which can be rewritten as an inverse Laplace transform.
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750 (preliminary)

log( z 0)
i

log(1/ 8) log(1/ 6)
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750 (preliminary)

p d%c /\/ﬁ dkm 205(km) Cr e~ Ro(P) =7 RL(R) R (R)—7eR..(F)
P

odpdr Km m M1+ R;;(’%))F(Ré(’%))
K T K
m f _PR/ ~
(1 1)k ME(l TR “(“)>
+ /ﬁ dtim 20s(tim) Cr /ﬁ %R;(np; p)e R
o Km ™ 1t Fp
e*'YER;;(E)fRN(E)f'YER;(E) /fp fME( T @ B /{_m R/ (/_4;))
M1+ Ry (R)IF(RL(R)) (1—7)%R 1-7R k"
with
T ~Km, K= mln(1 i Kp — /fmw‘ip)

" dk' 2a5(K) Cr
Rp("i) :/ o (7T

p

" dO204(k)Cr
RK(H):/ - ()

p/k g
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	Appendix

