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Motivation ‘

> long-lived particles
rich theoretical landscape: split SUSY, ——< " XN~ 409 ... %)
gauge-mediated SUSY breaking,

[ =0
R-parity violating SUSY, hidden valley, ... |  p /" 7 <R®e %
— typically includes dark matter candidate
— large parameter space: L
®* proper decay length (cm)
—> O(10 gm)...O(10 m) - 9M§ Sup;jlementary 35.9fb"' (13 TeV)
* gluino (§) mass & LSP (X)) mass % ey anrS02gE10
— mass difference controls pr of jets R e e
> existing search by CMS (JHEP 05 (2018) 025) B L
— generic search for natural & split SUSY Z: 1500 | °
—> sensitivity to LLPs through b-tagging (¢7g ~ 1 mm) " kg
> idea: enhance sensitivity with generic displaced jet tagger T o [ o e ;'“ e
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https://link.springer.com/article/10.1007/JHEP05(2018)025

Labelling “displaced” jets

> problem: no definition in literature to be exploited

— initial idea: “ghost” tagging as used for b, c jets ¥ Gluino
— strong interactions between displaced quarks % = Quark
at the gluino decay vertex 29 dEd ¢ Neutralino
= ghost tagging cannot account for non-pointing :: e N PO . Stable
jets or multiple jets from one parton g B i . o particle
= PR AR g ST S © Jet
> solution S i Auiniratdes, .‘E.’.ZT.‘. e sl
— define jet momentum fraction of generator-level 2
jet carried by clustered particles j per vertex v TR ;)
£.(jet) = (Z;7j € fotex v) 'pjet’ £, (jet) € [0; 1] 5 _2 ®
Piet o 1 2 3(1) 4 5 6

— label jets ‘LLP’ where f, = max




Neural network architecture

- inspired by CMS DeepJet algorithm Input features 1D convolutions Dense
(latest b-tagging algorithm) Charged PF SISHSHS
— parametrized network since importance ?;‘S"ii‘j‘;t)es > g i § =| >
of features changes with lifetime
— trained using jets from multijet, tt & split SUSY (':';r‘]‘;g;fez . é é é § . % |z
samples to predict jet class: uds, g, b, ¢, LLP (25 x 6) Nilelfefl o g
> feature extraction Secondary HIE B s
~ 1d convolutions with kernel size of 1 axi | HHH
—> compresses features per constituent —=
— result combined with global features & lifetime Global (14) >
— 200 highly discriminating features LLP c7o (1) >
from 638 inputs —— —

638 inputs 200 features




Domaln adaptation full architecture ,.

_ . . N ™ < _OLclass/00 | Leiass
apply domain adaptation | I “J
by backpropagation to improve Input features 1D convolutions Dense 5
Charged PF HBEHEB ] ] ense
agreement between data/MC candoaes | — [Z1IE11E]128] > el e
. . (5} ()]
in control region (1505.07818) (25x17) )@@ H class
~ b E—— b, c, uds,
200 extracted features are used Neutral PF S s 5 . 818 (g ELLI;)S
L . candidates | —» [E[[Z|[=E ||| > |E| = T ’
to predict jet class & domain (25 X 6) alleflel|~ B g
— : s (5 (R S D
the summed loss is Secondary 2le)fe)le = ense
. vertices — ZElENEIE]| =
mlnlmlzed Lclass —|_ )\Ldomain 4x12) AL ||| = © 3] § § Predict jet
A=h t - _ > | 1| > (2|l 2] — domain
( = hyperparame er) Global (14) > = == (simulation,
— gradient reversal layer leads to 5 data)
. . . LLP ¢y (1) (A
maximization of weights wrt. = g
. . B T = I P
domain loss in feature < “XOLgoman/0 1 Eig ::‘,\M A Lomain
extraction layers - g0

—> extracted features invariant

Feature [l Label P pDomain

wrt. domain; i.e. expect —> Forward «{_ .} Backward
similar distribution & performance \ extraction predletion IREED

propagation propagation



https://arxiv.org/abs/1505.07818

Validation

muon control region
improvement validated in
dimuon control region

reduced to +10%

control region to cover for
residual differences

domain adaptation uses simulated
and real data jets from single

deviations up to £50% w/o DA

mistag uncertainty derived in bins
of P(LLP|cty) from independent
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Performance

ROC curve ¢y = 1 mm eff. @ fixed bkg. rate of 0.01% evaluate for wrong c7y
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good performance for GMSB (g — C}g) & RPV (¢ — b¢) models despite that the tagger
was trained only with split SUSY sample

lower discrimination power for O(10 pm) lifetimes (~ within primary vertex resolution)
evaluating at wrong lifetime results in degradation of performance

— potential for estimating the lifetime of an unknown signal in data




Technical implementation

— training performed using keras & tensorflow packages
— developed custom preprocessing pipeline build on top of tensorflow (v1) queue system

Queue initialised i Read ROOT  Resample | Queue of Generate
with file names i TTree in jets per i tensors CTo
I batches batch !
| |
Dequeue i D ’ :] E Enqueue Dequeue
file name ! [:] —> [:] | batch tensor To
(async.) | - - I (async.) batch Keras
— ! . : | — . s —
I )=

+---1 thread / opened file ----

TF queue [:] Custom TF operation

— data is directly read & preprocessed from ROOT TTree asynchronously in CPU threads
— jets are resampled on-the-fly to achieve same pt,n distribution for all jet classes
— a fake lifetime is generated for background jets by sampling from signal cry distribution per batch

— a demo will be released soon as well




Sh Owcase Sea rCh for Split S U SY 2 | pCMS Simuiation Preliminary 35.9 o (13 TeV) -
S 7 =
> strategy 3 L °
~ select events with at least 3 jets (pr > 30 GeV, || < 2.4) g s
HX55 > 300 GeV, HISS /piiss < 1,25, veto et /u™ 2 ool i
— classify events depending on H~, #jets, #tags % ool
n Split SUSY
> signal efficiency ma=2p$§/,g§§§:%2
— differences in signal efficiency between data/MC a priori unknown P
— idea: incorporate unknown signal efficiency as nuisance OMS Simulaton Prafminary 35 fb_121/;“:ev)
parameter in statistical model through event weight g '2gmr T s 3
© 7«
w = (1 — SF eMC) (P~ x SFMNag 3 §° ¥
L= enc +s
— scale factor ( SF) can be constrained in-situ with the % P )
chosen categorization of events ; st

o Split SUSY

2
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Expected limits on pp — g8, § — qqx?
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— competitive (expected) limits obtained using simple binning scheme

largest uncertainty from finite simulation sample size

clear gain for lifetimes c7g > 1mm over previous search based on b-tagging
— less sensitive at lower lifetimes since event kinematics were not (yet) explored




- GMsSB
ol - RPV SUSY

£ C=1mm
[ SM background: tt

1 CMS Simulation Preliminary 13 TeV
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> jet tagger for generic displaced jets
— displaced jets definition
— parametrized neural network

domain adaptation to improve data/MC L R o ey

. . . Efficiency (LLP)
modeling in control regions . )

_ . . - re/mlnary ‘ 35.9 fb‘ (13 Tevz

good performance also for models not in training £ of o o

1 1 1 H Forward 7773 Backward Feature Label Domain % 1 o With DA D:va“' " ]

— custom input pipeline for preprocessing i i T, M 8 Shoume. 1

[IMistag unc. 3

which reads ROOT TTree directly

> showcase application
— signal model: split SUSY
simple event categorization ( Hr, #jets, #tags )
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95% CL lower limit on mg (TeV)

~95% CL

— in-situ constraint of unknown signal efficiency i+ 13 2
— competitive expected limits obtained 05" oo e g 13 ¥
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> further mformatlon
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Performance

CMS Simulation Preliminary 13 TeV
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Yield table

Hy (GeV) 300-800 300-800 300-800 >800 >800 >800

(Niets Niag) (3—4,>2) (5,22  (26>3) (4>2) (5,22 (26,23
Z0(—vv)+ets 40.7+£392 65+58 0.6+£04 33+28 16+£12 0.140.1
W(—/lv)+ets 563+441 11.6+51 15+£05 36+25 12430 < 0.1

tt 39.6436.1 17.9+157 19%1.1 21315 232+24 30+2.1
Single top 8.7 b2 2622 03=x02 06x04 05%+03 04=x03
Total SM 142 + 69 385+176 4313 97+40 65+£41 35%25
Uncompressed < 0.1 <0.1 < 0.1 304289 B8F3TF BTFHbSB
Compressed 54+5.0 42+38 28x£25 11x£09 25+22 45=x41

— signal scenarios:
* uncompressed: ¢7o = 1 mm, mg =2 TeV, mzu =0 TeV

* compressed: c¢7p = 1 mm, mg = 1.6 TeV, mg = 1.4 TeV

X




CMS limits overview
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Other
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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Limits
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% 3000F _ 5 _ 2 3000 (— ® RPGOL2:6 jets arxiv71202532 (fs=13 TeV, 36 fb™) } ATLAS Preliminary
3 - G — q@X° (BR=100%)  Status: February 201 1T O [T Decsvacm oo ves tonasny | =@ Expected
= L (R-hadron cloud model) Jets + p%‘lisﬂ. arXiv:1802.02110 , o)) - Pixel dE/dx arXiv:1808.04095 (Vs=13 TeV, 36.1 fb™) —e— Observed
=) 5 — 100 GeV. ch d 4 E | —@— Stable charged arxiv:1902.01636 (Ys=13 TeV, 36.1 fb') 95% CL limits
c 2500} --©- Expected Myo = €V, charge suppresse _ c 2500 — Stopped gluino arxiv:1310.6584 (Vs=7,8 TeV, 5.0,23 fb™)
© - Jets + piiss, arXiv:1802.02110 . S - i i i
0 - —@— Observed m; —m_o = 100 GeV, charge suppressed | = B :
5 i g — Mo = A g pp i = - !
50 i Stopped gluino, arXiv:1801.00359 1 = - i
% 2000 - — my; —m,o > 160 GeV, f;, = 0.1 ] g 2000 R : :
= [0 HSCP, CMS-PAS-EXO-16-036 i S - j
= @ | fgg = 0.1 . C o i
s 1500 [ ~ 1500 |— f
E i R \ . i
1000 | o 1000 _a . - )
76_ ° . L E 1 I 1 1 d E
L= = L O: ; : 8
, o : I &
500 = = . |4 Iﬁ IS Il() Il2 |14 500 Dol ||||||||i Coool |i|||||| i |i||||||| ool il i
107" 107* 10 10*  10° 10° 10Y 10= 10 102 10 1 101 i {02 10° 10* < Ins]
=, ‘ o [m] (r for n=0, By=1) Beampipe ‘Inner Detector Calo MS
I I . I I I I I I I II| | NN 1 I;IIIIII 1 IIIIIIIi 1 IIiIIII 1 IIIIIIII | IIIIIII| | IIIIIII|
10-% 1073 1071 0* 10* 107 10¢ 10t 108 19'e 10° 102 10" 1 10 102 10° 10

7 [ns] ct [m]




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16

