ging usin

Univerity of Wisconsin-Madison

Work 1n progress with Yang Bai and Zhenyu Han

2015-05-04



Jet Definitions

Sterman-Weinberg (1977)

Cone Algorithm
- Stable Cone .
- Split and Merge

Clustering Algorithm

- Pair-Wise Merging

- Undo Shower ( k,algorithm)

- Nearest Neighbor

No time to review all of them...



Jet Function

Jets Maximize the Jet Function /4/‘
Function of Jet 4-momentum J (P //4
- Increases with increasing energy /J\ Event

— Decreases with increasing mass

Concrete Example:
2

J:E—B%,BZO []
Cone Jet: sines\% /‘/j Jet

H. Georgi, arXiv:1408.1161

Jet Function




Generalization (for hadron collider)

Y.Bai, Z. Han, RL, JHEP 3 (2015) 102
« New parameter o, (0<a<2)

2

=B 1-p Bi= phen

oy
 Boundary
— P,p+P,p +KP p ==~ QQ’
PIIP] v S
{ox
2 m’ \\
—1-a 42 N
. 26 2 E? S




Comparison: Shape

Jep:p=1.3 Anti—k,-:R=1.0




Comparison: Backreaction

100} _ [ anti-k (R=0.43) ||
i i 1 k (R=0.43) ‘
1 Jer (B=6.0)
~ 107! 1 e (B=120)
>
(D]
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= 1072
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=
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Implementation
https://github.com/LHCJet/JET

[ ]
GltHUb This repository Explore Features Enterprise Blog @ Sign in

LHCJet/ JET @Watch 2 Star 0 YFork o0
109 commits 1 branch 3 releases 1 contributor <> Code
0
.” fp branch: master~  JET / + = @ Issues
) ) o 1 Pull requests o
Fix memory leak in python binding
O ranlu authored on Mar 3 latest commit 777c3be730
4~ Pulse

B cmake/modules Summary.cmake adapted from Clementine 4 months ago

B examples Forgot to add it 4 months ago E'—I' Graphs

A fastjet Separate examples and internal codes 4 months ago

HTTPS clone URL
I python Fix memory leak in python binding 2 months ago https://github.com/LHCIe
B sample Some event sample to test with 7 months ago You can clone with HTTPS or
Subversion. @
M src Build the version number into the library 4 months ago
) ) ¢ Download ZIP

B CMakelLists.txt Bump the version number 4 months ago

B README.md Format 4 months ago

B cmake_uninstall.cmake.in Proper make uninstall target 5 months ago

& config.h.cmake Build the version number into the library 4 months ago

README.md

JETJet



W tagging

 Many useful observables
— (filtered/trimmed/pruned) Jet Mass
- Mass Drop
- N-subjettiness

W BOSON

- Color Connection
'rIlI(l L'_']lIlH | d .[ |1;J.\.‘!

L 1 bosons, i
mass. Like the 7 boson, it is
one of the most short-lived
particles known, with a

- Jet Charge

- Energy Correlation Function

both, as the toy is
double-sided.

Wool felt with gravel fill
Weside  for maximum mass.

2-51DED

- Planar Flow
0000000000000 $16.49 .5

- Q-jet

« Multivariate Analysis (BDT)
SPARTICLEZ 10

Y. Cui, Z. Han and M. Schwartz Phys.Rev. D83, 074023
CMS Collaboration, JHEP 12 (2014), 017



Characteristic Function of W

e J(P) is not enough
* 4-momentum: mass and velocity (point particle)
» “Shape” of the object

« Event/Jet shape variables
- Fox-Wolfram Moments

5
8
\ 4

®s®
HESTH
WHSOENH®




Fox-Wolfram Moment

 General definition:
Hn:Z |p;!2pj|Pn(cosei,j)
« Examples: ’

pilpi
HO:Z e —=1
i, ] J
2

P pl m
H,=) “—Lcosh, =1——

J=E((1-B)H+B H,)

G. Fox and S. Wolfram, Phys.Rev.Lett. 41 (1978) 1581



Two-prong Object

e Second Moment

1P, |(3cos 0. .—1)

i,]

H Z|pz

« Only constrams 00826.

I,]

* Two-branch/prong boundary?

2

-y Ipilliv,-lCOS 0
i.; E

I,]



Back to back only?

* Simplest option:
2

m
J l_ﬁP-l-sz

two — prong — E

S L
9 89 o

ﬁzz(;j |pi||pj|P2<cos<e,-,,->>)

rest frame



Invariant Form

e Lorentz Invariance

2
. p: P,
H,= Alp:|P,ylcos(O, . =m’ ( = —
[ ZlpdpPaleos(o, )] | =3 o R
A A
Y \/
N : - _1 ) ~ _1 2
H,=m Hz_zm Hz—gm



Invariant Form

e Lorentz Invariance
2

2 (plupju
rest frame " ZZ]: (Pupm) Pvpjv

ﬁ;:(;j |p,.||p,|P2<cos<ei,,->>) —m

» Characteristic Function of two-prong objects

ny

2
- H,
| —B—+y—=
[3E2T E:

e pP—Y: (maximal) size of the object

2

~EX(1-(p—vy)

_ 2
tho— prong ET

2



Approximation

e Exact solution is still NP

* |terative approximate solution:
- (Bootstrapping) Exact solution for a small subset
- Add/Remove one particle each time
- Repeat until no improvement




Comparing with Filtering/Mass Drop

700

; j[ 1] 305 DIJetSA” B=3,y= 2(BS)
600k o b 1 578 DijetsAll: filter

1 | 1 4037 WWs: 3=3,v=2 (BS)
1 4039 WWs: filter

500 ................... .........

400—---------% ------------------- -------------------- ...................... .......... |
e | e
200

100




Comparing with Filtering/Mass Drop

2.6

— Bootstrapping
— Filter+Mass Drop |-

2.4f 70GeV<m<90GeV
223} 13TeV
Ez_z pr(W)>200GeV
\ﬁ . H,>0.76 m"
2.0}
1.0}
1.85 . : : = - -




Conclusion and Future Directions

New approach to study objects
Algorithm for QCD |et
Potentially useful for W tagging

Detalls about the efficiency
Analytical understanding
Even better characteristic function?
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