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Looking for new physics with high mass diboson
searches

e |Introduction to VV searches

e Full Run-2 139 fb-1 data results

e Fully hadronic final states: [JHEP09(2019)091]

> Boson-jet tagger

» VBF event topology identification (Machine
Learning)

e Conclusions and perspectives



https://link.springer.com/article/10.1007/JHEP09(2019)091
https://link.springer.com/article/10.1140/epjc/s10052-020-08554-y

* Diboson signatures open testing scenario of new physics

decaying into SM sector
e Several BSM scenarios foresee n
the TeV range, allowed @LHC

ew massive particles in

ATL-PHYS-PUB-2021-005

Standard Model Production Cross Section Measurements

Status: March 2021
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EXOT-2017-31

* Benchmark BSM models > 06T :
) . 0] ~  ATLAS Simulation — m(V’) = 1.0 TeV, HVT model A
B -0)- 3 - —— m(V') = 2.6 TeV, HVT model A -
Spin-0: RS Radions = 05 Vs=13Tev V)= 40 TeV. HVT model A :
> Spin-1: Heavy Vector Triplet (HVT) 2 ouf [ e ceeTev. Buk RS
> Spin-2: RS Gravitons E: T M AT BT S
o Different production mechanisms are g L .
. 0.2~ =
considered, ggF/DY/VBF : -
* \ector bosons from intermediate resonances AL E
are longitudinally state dominated ot B T B T R S V-
Resonance mass [TeV]
HDBS-2018-10
. m = 800 GeV m = 3TeV
Model Spin o [pb] B T/m o [fb] B T/m
RS radion (kzrr. = 35, R ->WW 0 0.54 (ggF) 0.43 2 6% 10-3 1.38 (ggF) 0.44 0.032
AR = 3TeV) R—-ZZ 1.1x 1073 (VBF)  0.21 ' 5.5x 1073 (VBF)  0.22 ‘
W S WZ 53 0.024 79
Model A 2t s WW o 0023 0.026 3 0.020 0.025
W SWZ 1.6 0.43 5.5
HVT Model B 7' WW 1 0.86 041 0.040 )5 0.47 0.031
Model C W S WZ 40%x1073 0.50 5 1.6 x 1073 5
(VBF) Z - WW 2.7x1073 0.49 3510 1.0x 1073 0-50 3.3 x10
Bulk RS Gkk Gk - WW ) 1.9 (ggF) 0.28 0.037 0.47 (ggF) 0.20 0.062
(k/Mp| = 1.0) Gk — ZZ 0.050 (VBF) 0.14 ‘ 1.6 x 1072 (VBF)  0.10 '
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» Set of signal regions, SRs, to optimise the signal sensitivity
e Set of control regions, CRs, to constrain the SM bkg:

> high purity regions to constraint the MC

» data-driven techniques
e Unblind your SRs, what do you observe?

link Claim your discovery!
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» Low mass: llgg/lllv
» High mass: vvqq/lvgg/qqqq

EXOT-2017-31

? semizleptonic

eaf'(y p W e ,,.-
un. D w, lf/)
27 P

Lower limits on resonance mass [TeV]

Channel HVT model A | HVT model B Bulk RS
Obs Exp Obs Exp Obs Exp
WWw 2.9 3.1 3.6 3.5 1.7 1.9
W2z 3.6 3.6 3.9 3.9 - -
VA - - - - 1.5 1.7
A% 3.7 3.7 4.0 3.9 2.3 2.2
WH 2.6 2.8 2.8 3.1 - -
ZH 2.7 2.5 2.8 2.8 - -
VH 2.8 3.1 3.0 3.4 - -
147 4.6 4.6 - - - -
144 4.5 4.4 - - - -
v/l 5.0 5.0 - - - -
VV/VH 13 43 | 45 44 .
VV/VH/twv]it | 5.5 5.3 - - - -
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e

Bosow jets and

HDBS-2018-31

taggers

[ AR I
I ATLAS Simulation

m, [GeV]

e We look for BSM hints in the diboson events _
> the SM VV events are hidden in the
large amount of the QCD bkg
e We need powerful boson-jet tagger to select s s ot
our signal topology =
> di-jets topology, TCC large-R=1. jets i | e

e 3-variables based tagger
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HDBS-2018-31

* \Very simple analysis:

> 1-4'"'I""I""I""l""I""I""l""l
- . - C . - — Pre-Selection ]
> di-jets requirements: AY<1.2 (reduce t- S oiteisTay e —Rs
= - , : aga Ccu 7
channel QCD) pr-asymmetry<0.15 (to reduce %2 ™12 ~>WW RS -
_ Q N §
mis-reconstructed events) s 08 //_*_\/_‘ =
) B i
» di-tagging: boson tagger x 2 S O-GW =
e Fully data-driven bkg estimation: 04//—
> modelling of the fit shape tested in CRs o
> bkg uncertainty driven by the fit uncertainty 15 2 25 3 35 4 45 5
. . . . m(Z') [TeV]
> tagger uncertainty in dedicated V+jets CR
104 L L e B L L |
10° ATLAS ¢ Data
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e Semi-leptonic channels has lower BR but cleaner
environment w.r.t. fully-hadronic channel
» MC-based bkg estimation with quite complex SRs/CRs

scheme definition

e Different channels to be combined:
> 3 leptons channels: ||, lv, vv

» 2 V-hadronic reconstruction techniques: resolved/

boosted

» VBF vs ggF/DY production mechanism categorisation

HDBS-2018-10
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 Novel ML technique introduced to categorise VBF vs ggF/DY events
» RNN dealing with Jow-level jets input variables

e improved performances w.r.t. cut based approaches ,,¢E_.; -
Y & 0 0 [JKeras
1-jet VBF events naturally recovered o ® —©O

# Theano

ignal Jet > . >
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How do we see an \ , LSTM1 = LSTM2 = Sigmoid
Input/Masking ident ayer HiddenLayer Activation
——

event in the detector?
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* No significant deviation observed
» new data are interpreted as upper
bounds on the cross section of
new models
o Different channels let to cover large p.s.:
> 0/1 lepton channels contributing at
high-mass, 2 lepton at low-mass
» VBF regions covered, still need to
be improved to get exclusions
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Conclusions &

perspectives

_PUB-2021-01

ATLAS Diboson Searches - 95% CL Exclusion Limits ATLAS Preliminary

Status: June 2021 £ =(36.1-139) fh1 \/§= 13 TeV
Model Channel’ Strategy* Limit Reference
Bulk RS (knr. = 35, Ag =3TeV) R — WW,ZZ - vvqq, {vqq, {fqq resolved, boosted ' l I l l l 0.3-3.2 TV l I Eur. Phys. J. C 80 (2020) 1165
Bulk RS (knr. = 35, Ar = 3TeV) R — WW, ZZ — qqqq boosted JHEP 06 (2020) 042
” RS1 (k/Mp; = 0.01) Gk — ¥y resolved arXiv:2102.13405
Aé RS1 (k/Mp; = 0.05) Gkk = Yy resolved arXiv:2102.13405
S RSt (k/Mp = 0.1) Grr = ¥y resolved arXivi2102.13405
% Bulk RS (k/Mp; = 0.5) Gkk = WW — evuy resolved Eur. Phys. J. C 78 (2018) 24
g Bulk RS (k/Mp; = 1.0) Gk — ZZ — LLL' " wvel resolved Eur. Phys. J. C 81(2021) 332
- Bulk RS (k/Mp = 1.0) Gk = WW — evuv resolved Eur. Phys. J. C 78 (2018) 24
Bulk RS (k/Mp; = 1.0) Gkx = WW, ZZ — vvqq, fvqq, tfqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
Bulk RS (k/Mp; = 1.0) Gk = WW, ZZ — qqqq boosted 1.3-1.2 TeV JHEP 06 (2020) 042

0.25-2.26 TeV

HVT (gr = -0.55. gy = -0.56) W' — WZ — tvl't resolved Phys. Lett. B 787 (2018) 68
HVT (g = —0.55. gy = —0.56) W' —» WZ — vvqq, tvqq, tfqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (ge = —0.55, gy = —0.56) W' — WH — {vbb resolved, boosted 0.4-2.95 TeV ATLAS-CONF-2021-026
HVT (gr = —0.55, gy = —0.56) W’ — WZ - qqqq boosted nded! d ne JHEP 06 (2020) 042
HVT (gr = —0.55. g1 = —0.56) W’ = WH — qqbb booste h -as e an Phys. Rev. D 102 (2020 112008
HVT (g = —0.55. gy = —0.56) Z" - WW - evuy ) Eur. Phys. J. C 78 (2018) 24
HVT (gr = —0.55, gn = —0.56) Z' - WW - fvqq Rgolved, boosted tec Eur. Phys. J. C 80 (2020) 1165
HVT (gr = —-0.55, g1 = —0.56) Z' — ZH — vvbb, ttbb reﬂewd ATLAS-CONF-2020-043
é HVT (gr = —0.55, gy = —0.56) Z' - WW - qqqq boosted JHEP 06 {2020) 042
8 HVT (gr = —0.55, g; = —0.56) Z' — ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
% HVT (gr = 0.14, gy = -2.9) W' — WZ - o't resolved Phys. Lett. B 787 (2018) 68
G VT (gr = 0.14, gy = -29) W’ — WZ — vvqq. {vqq, tlqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = 0.14, gy = -2.9) W’ — WH — {ybb resolved, boosted ATLAS-CONF-2021-026
HVT (gr = 0.14, gy = -2.9) W’ — WZ - qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) W' — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT (gr = 0.14, gy = -2.9) Z' - WW - fvqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = 0.14, gy = -2.9) Z' — ZH — vvbb, ££bb resolved, boosted ATLAS-CONF-2020-043
HVT (gr = 0.14, gy = -2.9) Z' - WW — qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) Z' — ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
| 1 1 1 1 1 1 l |
0.2 0.4 0.6 0.8 1 2 3 4 5

e Excluded mass range [TeV]
H e H e

*small-radius (large-radius) jets are used in resolved (boosted) events

Twith € =,
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High-mass VV resonance searches during Run-2

» Different channels very competitive

o :"I""I""'I'."'I""I""I""']""I""I"":

_hadroni . g 10 FATHAS Prelminary e e
FUIIy hadron’c Channel. g E vg = 13 TeV —qq(;ICI,1'39fb[1[J:ZPZt;(2019)(091]) | E
> large-R(=1.) jets and very powerful boson Ty L |

. . g E = === Expected 95% CL limit ;

tagger technique are the keys to exploit i vvaa+lvaa+liag, 139 fo -

o} = \ -1 3

i Q = ——qqqq, 139 fb 2

high mass range = - Rcoom -
Semi-leptonic channel: 10 — E
> new ML techniques already exploited for e T
VBF categorisation events (VBF-RNN) - - Q@A HVT W' WZ - e e -
 Several models and mass ranges excluded 05 1 15 2 25 3 35 4 455
m(W') [TeV]

What is next?

Both channels are re-analysing Run-2 for improved

tboson results and preparation for Run-3:

> fully-hadronic: new jets reconstruction and
Machin

: ML tagging techniques
Learning

> semi-leptonic: extension of ML approaches



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-018/
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Signal region

Veto events with leptons:
No e or u with pt > 25 GeV and || < 2.5
Event pre-selection:
> 2 large-R jets with 7] < 2.0 and mass > 50 GeV
pr1 > 500 GeV and pt; > 200 GeV
myy > 1.3 TeV
Topology and boson tag:
|Ay| = [y1 —y2| < 1.2
A= (pr1 —pr2)/ (pr1 + pr2) <0.15

Boson tag with D, variable, nyy variable, and W or Z mass window

V+jets control region

Veto events with leptons:
No e or p with pt > 25 GeV and || < 2.5
V+jets selection:
> 2 large-R jets with || < 2.0
pr1 > 600 GeV and py > 200 GeV
Boson tag with D, and ny variables on either jet
Anti-boson tag with D, variable on other jet

20000

Events /5 GeV

10000

ATLAS ‘
{s=13 TeV,139 fb”

V+jets control region

---- Fit bkd.
--W/Z+jets
--W+jets

-- Z+jets 7

Data
Fit

0 Fitted W/Z+jet events: 17112 £ 777 ]
[ s S1aq =0-92£0.04 N
L -I-!!-:l‘ ‘I-‘-J"I“-I’—:::T:::l’:-:ifﬂ"l- ol 1 I l 1 ] J l L ] 1 | ] l I
60 80 100 120 140 160 180 200

m, [GeV]




> 104 ETr T r o rrrrrrr e ey > 104 EFrT I rrrrrrr e ey
2 . sF ATLAS ¢ Data . 2 . sF ATLAS ¢ Data :
~ 10°g 4 = Fit E ~ 107 4 = Fit E
S = 1s=13TeV, 1391b , E S = \s=13TeV, 139 fb ! =
=~ 10?2 --- Fit + HVT model Am=2.0 TeV ] < 102k ... --- Fit + Bulk RS m=1.5 TeV -
2 & --- Fit + HVT model Am=3.5 TeV = = 2 --- Fit + Bulk RS m=2.6 TeV 3
S 10k - o §
o F it ¥4 3
10_1 ;E 3; \ 3;
o [ WZ or WW SR 2 > [ ZZ or WW SR 5
10 % ¥2/DOF = 6.0/4 \g 10 ¥?/DOF = 3.1/3 *%
10_3 E. 1 | | ] ] ] ] E| 10_3 1 l | l | l ] L 15
S  SF : S - =
- L - ]
S of $ .
£ : £ :
» 2 2 3
3}

m,, [TeV]

Source m(V'")=14TeV m(Ggg) = 2.8 TeV

Fit 32% 2.4%0

Jet pr scale 29% 1.5%

Total systematic uncertainty 79% 17%

Statistical uncertainty 61% 99%




4 TeV

= = S —— —— = ——————

M(JJ)=4.4 TeV

Run: 338846

Event: 2998836394

2017-10-01 21:17:47 UTC EXPERIMENT




Event categorisation
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Signal regions

e

High purity
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A

Low purity

WV

Pass
Resolved P

.0
‘e
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------------------------------------------

To control

X—>W SV,
selection flow schematic

ggF/DY Cat.

----------------------------------------------------------------------
.
.

V,, selection
Merged

VBF Cat.
Pass
V, selection
Merged
Fail

Fail

V, selection

Resolved
(1- or 2-lep.)

V, selection

Resolved
(1- or 2-lep.)

region selection

Pass

Pass

L]

Fa“l To control

region selection

'0
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0-lepton

Event selection (ZV = vvVj,)

1-lepton
(WV — tvVy)

2-lepton
(ZV — ttVy)

No Loose lepton
E%’iss > 250 GeV

1 Tight electron
or 1 Medium muon

2 Loose leptons
with prfi > 30 GeV

Vp selection p%‘iss > 50 GeV with pf; > 30 GeV from the
ET"S > 60 GeV Z — (( candidate
pjf\r/" > 75 GeV

No additional Loose leptons

Event veto

Veto events with b-jets not associated with the Z — ¢gg candidate

Event categorisation

> | large-R jets or > 2 small-R jets
VBF and ggF/DY classification according to RNN score

E™ss > 100 GeV

pTTVf > 200 GeV

> 1 large-R jets

Vj, selection (Merged) The leading jet passing pr-dependent m; requirement

Rpr/m > 0.35 (ggF/DY)
Rpr/m > 0.25 (VBF)

Rpr/m > 0.35 (ggF/DY)
Rpr/m > 0.25 (VBF)

V;, selection (Resolved)

Failed merged selection
> 2 small-R jets with || < 2.5
62 <m;; <97GeViorW — jj
70 <mj; < 105 GeV for Z — jj

Rpr/m > 0.35 (ggF/DY)
Rprym > 0.25 (VBF)

Rpr/m > 0.35 (ggF/DY)
Rprm > 0.35 (VBF)




m(Ggk) = 600 GeV m(Ggg) =2 TeV

Uncertainty source A/ [%] Uncertainty source A/ %]
Total 50 Total 59
Statistical 29 Statistical 48
Systematic 41 Systematic 34
Large-R jet 18 Large-R jet 24
MC statistics 16 MC statistics 17
Background normalisations 15 W /Z+jets modelling 15
Diboson modelling 12 Flavour tagging 5.5
W/ Z+jets modelling 11 tt modelling 4.2
Small-R jet 9.7 Diboson modelling 3.9
tt modelling 8.1 Single-t modelling 3.3




V — qq Signal Background estimates

Channel
recon. regions W +jets Z+jets 1 Diboson Single-t Multijet Total
VBF category
Meroed HP 169 + 12 228 + 16 102 + 10 51 = 10 24 + 4 - 574+ 25
eee LP 370 o+ 23 411 £ 20 75 o+ 8 30 + 4 20 + 4 : 906 + 33
0-lepton (ZZ)
ggF/DY category
Hp Tag 133 + 14 270 = 40 437 + 31 100 = 10 45 =+ 7 - 982 + 60
Mereed Untag 7600 + 400 14300 = 600 6030 + 270 2300 + 180 840 =+ 110 B 31100 = 800
e1ee LP Tag 259 + 28 560 + 50 342 + 24 67 = 7 43 =+ 7 - 1270 = 70
Untag 16300 + 900 28600 +1100 5040 + 220 1760 + 150 600 =+ 80 - 52400 + 1500
VBF category
Mereed HP 530 + 28 83+ 05 321 + 22 141 = 27 113 = 21 - 1110+ 50
eee LP 1380 £ 40 245+ 11 28 o+ 17 150 = 33 8 = 16 . 1870 = 60
Resolved 11360 + 190 530 = 10 4060 + 130 590 = 80 1070 = 210 960 + 110 18570 = 340
1-lepton (WW)
ggF/DY category
Merged HP 24 820 + 170 463 + 5 13890 + 220 4910 + 250 2800 = 400 - 46900 = 500
LP 60270 + 240 1095 = 8 11050 + 160 3950 + 210 1970 = 250 - 78300 = 400
Resolved 443 500 + 1800 12480 =+ 40 126 000 + 1500 16800 + 1200 21200 +2800 27200 + 1400 647000 = 4000
VBF category
Mereed HP 0 8 = 6 0.081 =  0.009 9.6 + 1.2 0 - 97+ 6
© LP 0.133 = 0.011 170 = 8 085 = 0.07 99 + 1.2 043+ 007 - 181+ 8
Resolved 0272 =  0.012 1566 + 29 170 = 07 72 = 10 048+ 032 - 1656 + 31
ggF/DY category
2-lepton (Z2Z)
HP Tag 0.0135+  0.0043 8 = 6 0.283+  0.035 2.1+ 23 034+ 005 - 107+ 7
Mereed Untag 0.772 =  0.010 3300 = 40 427 =+ 0.08 361 = 32 0.58+  0.11 - 3670 = 50
© LP Tag 0.0135+  0.0043 138 + 8 0313+  0.034 12.8 + 1.4 030+ 004 - 152+ 8
Untag 2341 = 0.017 5920 = 50 10.16 =  0.16 278 + 26 203+ 0.29 - 6220 + 60
Resolved Tag - 1323 + 26 110 + 10 159 + 12 47 =+ 08 - 1600 = 30
‘ Untag 4681 = 0.026 42750 =+ 160 110.6 =+ 1.5 1800 + 100 134 = 20 - 44650 = 190
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Search for new physics decaying into diboson in semi-
leptonic final states.
* 3 leptons channel going to be combined:

> ZV —>vvqgqg, WV —> lvqgq, ZV —> liqq

» good compromise between the low BR of the full T 107

leptonic and the more background of the full
hadronic channels.
2 categories based on the production mechanism are
studied:
» VBF vs ggF/DY
2 different techniques to reconstruct the V—>qq decay

T EXOT-2017-31

I IIIIlII| [

T 10°

W’

IIIIIIIIIIIIIIIIIIIII

ATLAS

IIIlllllllllllllllllllll_l_
—— Observed 95% CL limit

Expected 95% CL limit

Exp. lvqq
- Exp. llgq
Exp. vvqq
Exp. lllv

Exp. qqqq

Vs=13TeV, 36.1 fb

dedicated to lower (resolved) and higher (merged) mass

regions.
* Interpretations
» Spin-0: Randall Sundrum (RS) Radions
» Spin-1: HeavyVectorTriplet, W’, Z’
» Spin-2: Randall Sundrum (RS) Gravitons
g v Vi q/q"
v v
Cx X v X y
g v o vood d

o F =
RS N ]
10 E
Uy E
10‘1 ;— DY HVT W — WZ (qqqq + vqu + quq + Iqu + IIIv) —;
1__ I L1 11 I L1 11 | L 11 | | | L L1 1 1 I L1 1 :F
0.5 1 1.5 2 2 5 3 3 5 4 4.5 5
m(W’) [TeV]
>,10||||||
= [ ATLAS Simulation Internal ==== ggF/DY Merged
o) I ]
S [ VBF H— ZZ — tlqq ggF/DY Resolved ]
= 0.8 — = VBF Merged §
X L AN SO\ e VBF Resolved
§ I : Combined
IS 0.6_ S /NN Total Uncertainty
o
O
IS L
< 0.4¢ <
Reso
chaﬁ' i
m “Meérged V decay |
00 - @plgh mass ]
0 500 1000 1500 2000 2500 3000
HDBS-2018-10 my [GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-31/
https://atlas-glance.cern.ch/atlas/analysis/papers/details?id=12305

Binary classification problem performed
7 —svw ] with cut based approach in previous papetr,
W —> v | Leptonic V R&D to development of new techniques
Machine Learning 7 | h selection

approach here

q

Exotics Workshop
e November 2019, 4th

/ e June 2019, HDBS &

—, v

" ATLAS ML Workshop
| — (—\ ' classification ’\'ﬁ
| el R -e 7' """"" -e . PP eeee SEESSESTT I
X : Merged . Merged :
q ) » | Selection - Selection :
—— 5
: . Resolved Resolved ;
. : . : : l Selection Selection '
Main analyser in this analysis . , f :
(HDBS-?O18-10) qurlng my PhD:: " control " " Control :
e trigger studies ! ' Regions |4 i Regions :
(TRIG-2018-05) : ~ " ~ :

* analysis optimisation
e MC modelling
* ML approaches



https://atlas-glance.cern.ch/atlas/analysis/papers/details?id=12305
https://atlas-glance.cern.ch/atlas/analysis/papers/details?id=11565
https://indico.cern.ch/event/801402/contributions/3424578/attachments/1861491/3059494/DBLAnalysis_HDBSWorkshop_13jun19.pdf
https://indico.cern.ch/event/801402/contributions/3424578/attachments/1861491/3059494/DBLAnalysis_HDBSWorkshop_13jun19.pdf
https://indico.cern.ch/event/844092/contributions/3631812/attachments/1943853/3224376/DBLAnalysis_MLWorkshop_13nov19.pdf
https://indico.cern.ch/event/844092/contributions/3631812/attachments/1943853/3224376/DBLAnalysis_MLWorkshop_13nov19.pdf
https://cds.cern.ch/record/2743418

How does the detector see these events?

. Signal Jet Signal Jet
Feynman LO dlagrams \ / Signal Jet \ / Signal Jet
+ >LO corrections,

N
+ PileUp interactions, Tag Jet [ /
. . . n<o0 An n>0 Tag Jet n<0 ATI n>0
+ underlying interactions

Lepton Lepton Lepton Lepton

n <0 n > 0

VBF or ggF?




e High-level approach:

e build high-level variables starting

from the two tag jets
e Low-level approach:
e use all the jets and the 4-
momentum components

All jets used for low-
level approach

S B o e e e e
ATLAS |Internal

fs=13TeV —— Signal VBFH1000
—— Signal ggFH1000

[0 I =L B B L B B L L B L

0.06

Events

j2}
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S
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_high-level variables

ATLAS Internal

— 4-momentum (low-level)
— high-level variables

I
0.0 0.2 0.4 0.6 0.8 1.0

True Positive Rate

General deep learning result, arXiv:1402.4735

2 jets tagged for the
high-level approach



https://arxiv.org/pdf/1402.4735.pdf

'Look at more info:

‘NS ' * RNN Tutorial
« Main idea: deal with variable- many to many Gocgle @B =
. . USUaJ a RN:Nglmmagini () Video (@ Notizie < Shopping i Ao Impostazioni  Strumenti
length input set (1, 2, 3... N jets). of B e
e \Which is the best NN architecture? F oy Articoli accademici per recurrent neural network usage

Bidirectional recurrent neural networks - Schuster - Citato da 2627

() R N N Seem to fit fo r‘ 0 u r = - = = Recurrent neural network based language model - Mikolov - Citato da 3563

Recurrent neural networks employing Lyapunov ... - Gller - Citato da 462 ~

problem! F oy —

Applications of Recurrent Neural Networks include:
recurrent

e An input set (the 4 variables of the : « Machine Transation.
connections « Robot control.
4-momentum) is repeated at e "
. T T * Speech synthesis.
different “Time-steps” that could be  giferent time i satesaretly dloton,
) . Rhyt.hm Ieamir.lg.
variables (our number of jets). instances of 1 » Music composiion.
. variable — —
e 4 variables used (pT, n, P, E).
ceeeeeewweo..Lossfunction | binarycrossentropy

E ——
R % b —
| n —" . ‘ ............... #RNNlayers .. .| ... 2 .
pr ——— y. _—
> > ’ # cells / layer 25

................. BNNcells . .| . LSIM

‘ ' ‘ ‘ _______ Activation function (ARNN)_____ | .. . . ... tanh ...

— ) — ) e 2 SO N7 T
05— ATLAS Internal - )

E =t1atev —— Signal VBFH1000 ] Timel

- —s ] Steps > > )
o S ‘ —— ‘ A — . ________________ Learingrate | .. 0001 .
r NN 1 Betal - Beta2 0,9-0,999

.................................................................................................

C ‘
o3 = Dropout 0,3
L Vi NN _
//////////// "
L B AN ] —_—) —_—
////////////
= ARSEEEEEEANNNNNN, -
\\\\\\
02— = RRRREEEEEXEANNNNN
N -

1 Variables

)
0= ] > _— > — — 0
NN 7, 7777 i _—_ utput
NN A 2020%6% —
/////// X§§§

S , LSTM1 = LSTM2 = Sigmoid 4\
e Input/Masking  ddentayer HiddenLayer Activation A Theano

Events



http://slazebni.cs.illinois.edu/spring17/lec20_rnn.pdf
https://arxiv.org/pdf/1808.03314.pdf
https://github.com/YaleATLAS/CERNDeepLearningTutorial/blob/master/deeplearning_intro.ipynb
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