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Y-splitter

@ Proposed as WW tagger; [Butterworth, Cox and Forshaw (2002)]
@ Used in ATLAS top tagger; [Broojimans et. al|

@ Undo last step of k1 clustering, i.e. using the distance

dj = min (3, p3; ) 02

. 2
o Impose the condition djj/mz, > y.

@ Retains symmetric 2-pronged structures (keeps signal while
eliminating QCD background).
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Motivation

@ Monte Carlo studies show a good performance for the combination

10

Y-splitter and trimming.

Dasgupta, Powling, Siodmok (2015)

Signal significance with quark bkgds.
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Signal significance with gluon bkgds.

—— Y-split+Trimming (feur = Yeur = 0.1, Ripiy = 0.3)
— - — Trimming (feur = 0.05, Riyi = 0.3)
- == mMDT (yeu = 0.11, pp = 0.67)
— - = Y-splitter (yeu = 0.1)
Y-pruned (zq, = 0.1)
— — = Pruned (z.; = 0.1)
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Motivation

Y-splitter + plain jets:
o NP effects cause a strong smearing of mass distribution peak.
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Motivation

Y-splitter + trimmed jets:
@ NP effects in mass distribution peak are smaller;
@ At parton level, trimming does not cause a significant change.
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Motivation

@ Trimming does not change significantly Y-splitter background.

Herwig++ MC: quark jets.
M[GeV], for pr =3 TeV, R=1
10 100 1000
Y-splitter+Trimming s
Y-splitter mm e =

Y-pruning =« m

Inp

Dasgupta, Powling, Siodmok (2015)
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Trimming before Y-splitter

@ Doing trimming before Y-splitter — lose this property;
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Our work

@ Study Y-splitter and Y-splitter with grooming;
) mdo .

@ Compute analytically —— with a cut y;

o dm
@ Focus on QCD background;
@ Compare with Monte Carlo, study impact of NP effects;
o Consider the parameters fiim = YmMDT = ¥;
@ Study variants and improvements.
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Plain Y-splitter |
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Leading Order

o Define p = m?/(p%R?) < 1, boosted jets; *
@ One gluon emission in soft-collinear limit; B¢ g
@ The energy fraction of the gluon x, angle of emission 8;
e Y-splitter condition is (x6)?/(x6?) = x > y;
LO soft—coll.
gzz _ = C';as (logi@(y—p) +Iog/1)@(p—y)>-

(]

For small p : log(1/p) — log(1/y), reduction of QCD background.
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Next-to-Leading Order

@ Two gluon emissions, can be real or virtual;

LSt X2

Pr 6, 0,

e Y-splitter condition is max(x207, x3603)/ max(x107, x203) > y;

o We find
do MOt oy € 1 [¢ 1
rac = L“slog S x| s log? = + sub-leading | .
o dp Yeut & Y p
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Resummation (all orders)

@ For p <y, we can resum log(1/p) (leading-log)

o do |t

odp

Yeut i

. CFas 1 CFOéS 2 1
= log — X exp | ——— log” —
y 2m p

e Compared with plain mass distribution (without cut)

Lt Cras 1 Cras, »1
= log — X exp | ——— log” —
p 27

pdo

o dp plain T P

@ Same Sudakov suppression, different pre-factors;
Small pre-factor+large exponent=good performance (Soyez's talk)
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Resummation (all orders)

For p < y, we can resum log(1/p) (leading-log)

LL

pdo Cras 1 Cras, »1
—— = log — X< exp | ——— log“ —
odp Yeut s y 27 P
e Compared with plain mass distribution (without cut)
LL
pdo Cras 1 Cras, »1
—— = log — X exp | ——— log” —
g dp plain ™ p p

@ Same Sudakov suppression, different pre-factors;
Small pre-factor+large exponent=good performance (Soyez's talk)

S|m||ar structure to Y—pruning; Dasgupta, Fregoso, Marzani and Salam (2013)

It is possible resum log(1/y) effects, expression more complicated.
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Comparison with Monte Carlo

@ Mass distribution, analytic vs. Monte Carlo simulation.

analytic Pythia(8.186), parton level
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e Adding the log(1/y) resummation changes the curve, but not
fundamentally.
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Y-splitter with Grooming J

1 - Apply Y-splitter cut
2 - Apply Grooming
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Trimming at Fixed Order

LO (1 gluon): same results as Y-splitter.

NLO (2 gluons): multiple regions depending on y and r = Ryim/R;

@ We can write :

NLO
+ ~F-trim
Yeut

1do|N© 14

o dp

trim

® When p — 0, trimming correction to Y-splitter vanishes , background
mostly untouched (LL log(1/p));

@ For other regions, correction is always sub-dominant in log(1/p).

Lais Schunk Y-splitter for boosted object tagging Boost2016 15 / 21



Comparison to Monte Carlo

p/o do/dp

e Both mMDT and trimming are the same at LL log(1/p);

@ mMDT has less transition points;

@ Resummation of log(1/y) is possible (MMDT done in paper).

analytic
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Variants

Mass declustering

@ Replaced kt declustering by gen-kt with p = 1/2 (mass-like ordering);
@ Removes regime "dominant mass” # “dominant kt";

@ Small improvement in performance;
°

Same Sudakov exponent as previously (LL).

z cut Condition

@ Condition replaced by min(p:1, pr2)/(Pe1 + Pr2) > Zeut;
@ Easier to resum higher orders;

@ Small loss in performance, less NP effects;

°

Same Sudakov exponent (LL).

Pre-grooming (Soft Drop)

@ Groom jet before Y-splitter cut;
@ Smaller Sudakov suppression (region z < z.,:0” no longer vetoed);

@ Loss in performance, less NP effects.
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MC study and NP effects )
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MC simulations and NP effects

. . eie e full / parton
Efficiency (eg) Sensitivity to NP effects(ej" /e"™")
Pythia(8.186), background (q), full level Pythia(8.186), background (q), NP effects
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o Trade-off between performance and insensitivity to NP effects.
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Observations

Performance v. NP sensitivity
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Observations

Performance v. NP sensitivity e Adding grooming to Y-splitter
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Observations

Performance v. NP sensitivity e Adding grooming to Y-splitter
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Observations

Performance v. NP sensitivity e Adding grooming to Y-splitter
S v S S increases performance and
VL M decreases NP effects;
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(V] B ' T
[v] . P .
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Observations

Performance v. NP sensitivity
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Adding grooming to Y-splitter
increases performance and
decreases NP effects;

mMDT slightly less NP effects
than trimming, but less
discriminant.

Using z.,+ decreases
performance and reduces NP
effects;

Pre-grooming decreases
performance and reduces NP
effects.
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Conclusion

Performance v. NP sensitivity

@ Analytic results for Y-splitter 6 —_——
. h . h . — ¥m+€l_a|n - ; - 1m2+{)l_a|n
. —— Y +trim = B = Yy +trim
(with or without grooming); ymin 8wt

5[ —A— pre-SD+Y, = A = pre-SD+Ymy
@ Suggested variations with

; sl
various advantages;

high pt

significance (eg/Veg)
w
T

@ Trade off between performance 5
and insensitivity to NP effects; N A E i
low
@ Future: for NP insensitive cases, 1L *""*""":"'* |
do an optimization based on e e e
parton level results. 0 02 04 06 08 1 12 14 16

NP effect (gfi!!l/egarton)
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Backup slides |
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Triming and mMDT

o Trimming :
Krohn, Thaler, Wang (2009)
@ Recluster jets using Ryim < R;
@ Retain only subjets p3* > fuimph"

e (modified) Mass Drop Tagger:
Butterworth, Davison, Rubin and Salam, (2008)
Dasgupta, Fregoso, Marzani and Salam, (2013)
Apply recursion:

@ Split jet in two j — j1 + Jjo;
@ Stop if splitting satisfies min (p%;, p%;) 03/ m2%, > YmmoT:
© Otherwise, eliminate subjet with smaller pr.
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Trimming before Y-splitter
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Trimming at Fixed Order

@ We note p; the particle with a dominant mass, region a is k1 > k12
and region b is k11 < k1o;

NLO

NLO
1d +ftrim7a _i_ftrim,b.

1do
odp

trim

e In the region p < y?r:

: 1 Cpa 2
trim,a _ = s
7 (550)

rim 1 CFOé 1 1
Ft ,h:_( ) flnﬁlnzy.

o y2r? < p < yr?: FUmb remains the same,

) 1(Cras\*(1 ,1 1 1
Ftrima _ FQs “n?ZIn - == In3 £ .
P = 2 y r 6 y2r2
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Trimming at Fixed Order

c)y2>p>yr2

1 (Cras\2 (1 1 1 .51
]_-trlm,a = < FO ) <|ny|n2|n3 > s
p\ T 2 p y 6 vy

Cras Iyl 51
™ 2 p oy

‘/'_-trim,b — _ l (
14

o y > p>y% FUmD remains the same,

4 1 (Cras\? (1 1
ft“mxa—< F“) <In3y+|n2y|np2>.
p\ 3 p 2 p vy

@ p > y: no Y-splitter effects.
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mMDT at Fixed Order

e For p <y
FmMDT — ;1 |n3 1
6 vy
@ For y > p > y? : sum of contributions a and b of trimming in same
region.
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Lund diagram Y-splitter

Emission that dominates the jet mass Emission with larger k; than the k; of
also has the largest k;. the emission that dominates the mass.
log(z6) log(z6)

p
Y-splitter cdt £~ ,2. -

k122>yP 1

log(1/6) log(1/6)
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Resummation for Y-splitter with mMDT

resum

odo
pdp

1
- / dx1 P(x1) aS(QpXI*) e~ RmMDT(p)
y vig

mMDT

VP dk 2
— Ry (ke1:p) — Rout(kZ /y) t2 R (koo =Ry, (ke2:p) = Rout (kia /¥)
{e * /k kio kt( @ p)e

t1

log(z6)

log(1/6)
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Y-splitter with pre-grooming

@ Y-splitter applied on a pre-groomed jet with SoftDrop.
@ Shadowed area : vetoed by SoftDrop and entering into the Sudakov factor.
@ Dashed (red) line: Y-splitter (zm) condition.

log(1/6)
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Efficiency and NP effects (signal)

] spee full ; parton
Efficiency () Sensitivity to NP effects(ej" /e"™")
Pythia(8.186), signal (W), full level Pythia(8.186), signal (W), NP effects
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Significance

Lais Schunk

£g/Vep

Pythia(8.186), significance, full level
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Observations - kT vs. gen—k¥:1/2)

Performance v. NP sensitivity
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