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i1 The Tau lepton
i The CMS experiment and trigger system

il New physics searches with t at CMS during Run2

§i Focus on search for new physics in the 1 lepton plus missing

transverse momentum final state

In this

i The Tau reconstruction at CMS

presentation

i The Tau identification and reconstruction at the CMS
Trigger level

4 Improvements on tau reconstruction at the High Level
Trigger for new LHC data taking

il Conclusions
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The T lepton

\\
/

Name: Lau Lepton (‘E)\

Masg: 1776.86 MeV /c2
2.9x10-13 s

ji T leptons (taus) are the heaviest leptons in the SM

Av. lifetime:

Discovered: 1974 (SLAC)
Spin: __1/2 - Fermion

g4 They can be used for several measurements with final states

involving taus:

J Family: 3rd lepton family

o Standard Model tests

Features: It is the only lepton that can decay to hadrons
and has large Yukawa coupling with Higgsj

o Higes studies: Yukawa couplings of Higgs boson with termions, CP

17.4% 17.8%
properties of the Higgs Tau decays involve |
charged particles,
9 Tau polarization - in Z boson decays (see Abdollah’s talk) prongs

10.8%

o dearches for BSM physics: — Leptoquarks, SUSY, high mass resonances

9 Search for LFV with tau leptons in the final state (more in Luca’s talk)

9.3% 25.5%
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https://indico.cern.ch/event/1303630/timetable/?view=standard#99-measurement-of-the-tau-lept
http://Search%20for%20LFV%20with%20tau%20leptons%20in%20the%20final%20state

The CMS Detector

WW

(General purpose detector, “onion” structure

ILICON TRACKER
Pixels (100 x 150 pum?)
~1im*  ~66M channels

Microstrips (80-180um)

BRIL

BR”_ ~200m* ~9.6M channels S e A A

Pixels  Cartesian coordinate system: §

o oo CRYSTAL ELECTROMAGNETIC | origin - nominal collision |

Tracker CALORIMETER (ECAL) Y-axi d verticall

ECAL ~76k scintillating POWO, crystals ‘, -axls - Upward vertically

HCAL ; X—azxis : ra(iially (iiniide the LI;IC ring "
. -axis - toward Jura mountains
Solenoid Zras - cowarc tma monmtams
Steel Yoke P foresr e roreemememsrersem—————
" illicon strips (6cm . . :
Muons 16m? ~437k cl t Cylindrical symmetry: |
' polar coordinate system is |

STEEL RETURN YOKE
~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium coll
carrying ~18000 A

HADRON CALORIMETER (HCAL)

Brass + plastic scintillator

Total weight : 14000 tonnes

Overall diameter :15.0 m ~7k channels Barrel:
Overall length :28.7 m Endcaps:
Magnetic field :3.8T

Luminosity Telescope: ~200k Si pixels (100 x 150 um?)
Beam Monitors:; 80 diamond sensors, 40 quartz counters

MUON CHAMBERS
250 Drift Tube & 480 Resistive Plate Chambers
473 Cathode Strip & 432 Resistive Plate Chambers

Useful definitions:

4 Pseudorapidity: n = — In (tan <5> ), for HR particles it coincides with the rapidity

" Angular separation AR; = \/(’71' Bl ’71'> T <¢i ) )

more convenient
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o FORWARD
S CALORIMETER

Steel + quartz fibres
~2k channels

Y

z-axis points into page

[xy-plane

x-axis points out of page
[yz-plane]
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The CMS Trigger system

Two Level Trigger system to select events of physics interest

o

-
3

" n
- v -
5 - i
Ll ‘.
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”
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CollisionsQLHC
Fvery 25 ns =
Rate of 40 MHy Level 1 (L1T) ‘ High Level (HLT)
| Hardware based | Software based
40 1B / S /’ Simplified readout with | | Full event readout
Mostly ot Onl}.f muon /calo info | All s.u.adeFector info
- decision In < 3.8 ys | Decision in < 0.5 s

interesting events!

”»t 110 kHz max output rate 5 kHz, 15 GB/s output limit|
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Search for new physics in the t lepton plus
— =  mmissing transverse momentum final state

Different models:

L1 Heavy charged vector boson (W’) [1] , Width and cross section depends
w on relative coupling to T lepton
o Parameters to scan:
- Mass of the heavy charged vector boson 7 5 g 0'8;§:=
= 07k
- Coupling ratio gw'/gw - impacts width and cross section - 7
Can use width dependent signal samples to 06
9 Included in Non-Universal Gauge Interaction Model interprete the limits for this model 05
- 2HDM model with additional SU(2) for heavy vector bosons, which mixes with SM SU(2) via angle Og 0afi
- Width and cross section depends on relative coupling to T lepton. 0.31
fil Vector Leptoquark |2] -
q T 0.1~ =
i Quantum Black Holes [3] 0
o Eixtra spatial dimensions n = 4 LQ
© Threshold mass
q Vg

g1 Effective Field Theory |[4]

For reference, see [5| in Slide 21
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Search for new physics in the t lepton plus
——  mmissing transverse momentum final state

138 fb™' (13 TeV)
: . , : T T T T 1 T T T T
Signature: W’ — tv. — high pr and MET 3 10°F oS my=10TeV —+ Data

(\5 10°E my, = 5.0 TeV W-jets
. ] o % = Mgy = 5.0 TeV [ Misid. T
ji Final state: one (hadronic) tau and missing transverse momentum c 10°F EFT tensor [ DY-+jets

u>.| 10 B Top quark
= B Diboson

il Expect back-to-back kinematics and balanced in pr

III||_|,||| IIIIII,I]l IIIIIlel IIIIIlel IIII|,|1|| IIIII|,|l| IIIII|,|l| IIIII|,|||_L

107 SRR iy
. . . . . -2 |
gd Discriminant variable is transverse mass mr 123
. 107
Main backgrounds: Fake 105
Probability — , —
g 1+ | Uncertainty -
. g 0] S *—0—_.4.—‘—‘}‘ 47 ........................... % ............ N
= T t . t d t . ~ cDU —1 | Loy l ! | L]
4 lop-antitop production v 41 02 10°  2x10°
S m; (GeV)

i Single Top

D,
(Nc%ta o NMCtrue T)

C C,t
(Ndata o NMCrue T)

Ratio ==

onee or [

Apply this on an event basis to region A
and normalise by removing true T s from

§i Diboson (WW, WZ, Z7)

Backgrounds from misidentified pon- isolated , ,
QCD mllltlJ et jets are calculated with Isolated MC from this region
datadriven method For reference, see [5] in Slide 21

e eeStesER O
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Search for new physics in the t lepton plus

— =  missing transverse momentum final state
Results

14 Model-independent upper limit on the product of signal cross section times branching fraction for

the t+v decay for a back-to-back t lepton + missing transverse momentum topology

. . o 138 fb' (13 TeV)
11 Bayesian upper exclusion limits o 10 _CMIS L
g - 95% CL upper limits, 16% signal eff. =
3 B Observed _
at 95% CL on the product of;\ - | | ssmsTe) Tl Vogian exoected -
O — 1~ - ) =
. . — -CMS 95% CL upper limits 1Y 0% expected -
the production cross section = 10k ° SEH (LO) e 95% expected -
= e c , N=4 = - :
. . T - —— Observed 19 10 —=
and branching fraction of a L L ---- Median expected - -
e} = B 68% expected % i _
QBH % 95% expected 2 1 —
10E - E =
R R N , : : 10—1 — | |, L | L oo T T e S T |
t QBH model excluded for threshold j i3 = >00 1000 1500 20(r)r?min (Ge%/S)O‘
' % - H T
masses of up to 6.6 TeV. T 1 S R S S S T
o R S i e s sttt neh 2000 4000 6000 8000 10000
Magy (GeV)

For reference, see [5| in Slide 21
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Search for new physics in the t lepton plus

Results

decaying to a t lepton and a neutrino in the SSM model

138 fb' (13 TeV)
2
@; 1 O § ICIMISI | I | I I I 1 1 I I I I 1 1 1 | I | I g
It B Q"\o(\ _
> 10p T
1 ..................................................................................................................................

95% CL upper limits
Observed
Median expected
B 68% expected
95% expected
LO SSM W'

3000 4000

5000

m,,, (GeV)

cot(6)

1

ji Bayesian upper exclusion limitson the ratio gW’/gW for an SSM-like W' boson

i Lower exclusion limits on the NUGIM G(221) mixing angle cotg

138 fb' (13 TeV)

95% CL lower limits, NUGIM G(221)
Observed 95% CL limit
- === Median expected
B 68% expected
95% expected
Theoretically forbidden zone

IIIIIIIIIIIIIIIIIIIIII

o

/&
639/('),)

1500 2000 2500 3000 3500 4000 4500 5000

m,,. (GeV)

W'—stv) (fb)

oB(

missing transverse momentum final state

fi Bayesian upper exclusion limits at 95% CL on the product of the cross section times branching fraction of a W' boson

138 fb' (13 Te

CMS

L D L LA
95% CL upper limits

c SSM W' (NNLO)
c SSM W', unc.
—— QObserved

- - == Median expected
I 68% expected

95% expected

] Illlllll | llllllll | IIlllIll | IIllllll | IlIlIlII—v

10 &
e
I|E | | | | | | | | | | | I | | | | I | | | | | 'l ''''' o L
1000 2000 3000 4000 5000
m, (GeV)
For values of cot(¥g)=1, W’

' boson masses of up to 4.8 TeV

can be excluded. :

For reference, see [5| in Slide 21
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Search for new physics in the Tt lepton plus
— issing transverse momentum final state

L 8- | 138 fb" (13 TeV) S |1|38lfb'l1(l13lTeV
& I o “fcms
RGSUltS s E 7: 95% CL upper limits, best-fit LH+RH %
i - —— Observed
6 o - 6 IEELELE Median expected i
P ] ] ~ [ 68% expected ]
i Expected and observed upper limits of the L) s - S o o .
. 4r = 45 >
coupling gU VS the L) mass ) | :
e . . . é $95% CL upper limits, best-fit LH}Z é ]
i Bayesian upper limits at 95% CL on the xs of 2t e e | 2 -
1l B 057 expacied : it s
the process pp—7tv mediated by L(Q) exchange NS o v PO NS A
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
in the t-channel — 1P e 138 flb-1.(13.T?V) Miq (GeV) Mq (GeV)
g CMS 95% CL upper limits U, t-channel, g = 1 Y —— 11,38,fb}1 (13 TeV)
© 10° — Observed B= Best fit LH (= - CMS
i = - = Median expected - Best fit LH+RH 1 85_ 95% CL upper limits, democratic
M&SS@S up to 205 / 515 / 10 g I 68% expected == Democratic 1.6:_:323?;?)( " Different
‘-\ 95% expected 1,45 mm 667 expeciec scenarios:
5900 GeV are excluded 3 b 1 95% expactc '
10 12 LH, LH+RH,
for the best-fit LH / ¢ \\ 1 democratic
best-fit LH+RH / o o
democratic scenarios — 0.4f
e 0.2 :
. 10702000 4000 6000 8000 10000 % 2000 4000 6000 8000 10000
For reference, see |5| in Slide 21 m, (GeV) m,, (GeV)
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The T reconstruction at CMS - Run 2

B aane ————— INTW CMS Experiment at the LHC, CERN
: 4 Data recorded: 2018-Jul-17 03:21:01.157638 GMT
‘ S Rurr/ Event/ LS: 319756 / 2934016220 / 1850

ji L1 Tau reconstruction [6]

9 Calibration of Trigger Towers to mimic true offline response

o Clustering is performed around a central seed X

Isolation window

o Merging of clusters to form L1 Tau Objects Zicf?%sﬁﬁ;e; n /
§i HLT Tau reconstruction |7-8] Higgs decaying to tu (red track) th with 3 charged ¢
_ . . hadrons which are indicated with the cone and the gf);zzu cted
o L2: Calorimeter jets build around L1 seeds blue calorimeter cells (merged clusters)
o L2ph: Pixel track based isolation around L2 hadronic tau leptons (only di-ty triggers)

o Particle-Flow event reconstruction T - o
9 L3 tau reconstruction ﬂ E ‘ HCAL
i Offline reconstruction |9] \ \
ECAL
o AK4 jet (anti-kr algorithm, AR = 0.4) as seed - 2 -
"
9 Decay Mode reconstruction (charged tracks + calo clusters): racker
Hadron+Plus+Strips (HPS) algorithm o
™ sty 5 pty, 5 i, 1 S afy, o Tty 1t = oty = it rTatalu,

o Identification:
MVA algorithm N —m m e e e e m m m o m— o

DeepTau
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The T reconstruction at CMS - Run 2

L2p5 Particle Flow

Jets built around L1
seeds. Muon and

Pixel track based isolation ";I_ , From PF cand

Complete Event

around

| 7 t » HPS / cone based algo
calorimetric info i 1 L2 taus . . . { » Isolation criterion /
' information available

_, reconstruction, T object |
avallable ] ',,’.l Only di-<j, triggers f‘ | ' deepTan ;

CMS Preliminary 35.9/41.5/59.7 fb "' (2016 /2017 / 2018) CMS Preliminary 35.9/41.5/59.7 fo "' (2016 /2017 / 2018) CMS Preliminary 35.9/41.5/59.7 fo "' (2016 /2017 / 2018)

o
o

: H . N : . .
: T T | 1 : . : b
0 8 I Frreeeeeeeedenaeeaaans '& .................................. e e e e rrreeeeeens v 1

o
»

0.6 |- 1510 1 N— ]
. I —I— 2016 Data(p"'_2OGeV) :

—_— seeded by single | ]so ely [7 5 fb']

L1 + HLT Efficiency
L1 + HLT Efficiency
L1 + HLT Efficiency

L e —I— 2016 Data (p ™ "35 GeV)

A —I— 2016 Data (p ™ 20 GeV)
0.4 b SR . . - 0 . . — —

04 I m ....... ..... seededbysmgleu ............. ............. ..........
A —I— 2017 Data (p ™" = 27 GeV)
0.2 b §ee<!ed...by...u¢..x ................... T

—I— 2018 Data (p T=27 GeV)

0.4 it seEded by IS0 0/ 4.7 _[10.2107]

——]

- seededbylsoe/y+lsor[183:fb']

I L ——]:——— 2017 Data (p_ w230 GeV) :
o J.] S— ....... ......... seeded by-Ise- e/Y +1so- T. ................ ..........

o —-]:—— 2018 Data (p =30 GeV)

i Eseededbylsoe/y+lsor

0 ] I T T R 1 ]

i n=g=| T seeded by double Iso ‘Ch

- —I— 2017 Data (p =35 GeV)

0.2 i §.e§.<!ed...by.d..quple...l..sg ..... 12 N

- ‘_H —I— 2018 Data (p =35 GeV)

i P seeded by double Iso 1,

Seeded by u+1: .

30 40 50 102 2><102 30 40 50 102 2><102 30 40 50 102 2><102

Offline p; [GeV] Offline p; [GeV] Offline p; [GeV]

All plots are taken from the performance note: CMS-DP-2019-012

06/12/2023 Valeria D’Amante The 17th International Workshop on Tau Lepton Physics (TAU2023)


https://cds.cern.ch/record/2678958/files/DP2019_012.pdf




Tau reconstruction
' For Run 3



Many improvements for Run 3

Improved
New Machine learning New offline systematics for
based ID @ L1 Deeplau training data modeling
(already available) (crucial for
analyses!)

Boosted T
identification
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The Tt reconstruction at HLT - Run 3

g4 Keep almost all Run2 triggers in the HLT menu, drop the unused ones L2TauNNTag@HLT [10]

i Introduction of Machine Learning based techniques for tID at HLT @_,[L;;;:V;;::ﬁ:;} [L:yi‘:';“x::‘;?:z] -»L T?yaérdiﬂie1
window window sigmoid
i New trigger paths: parameters - 5701 4 .4 ¥

In each layer: In each layer: In each layer:
Batch normalisation Batch normalisation Batch normalisation

Activation: relu Activation: relu

diTau + jets triggers:

208 819 TP 185600 TP 161004 TP

Inner cells fPre-processing\ ( 5 convolution
> benefits boosted topologies (e.g. ggF' + 1 jet), or final states with jets (HH—=bbrz, ttH—77...) o e itvl g Bl g
B d d.T T . Outer cells fPre-processing\-f 10 convolution h - 5 dense y DeepTaU@
. I:,'} each outer cell Iayers: with 3x3 layers e
oosted dilau Irigger: ety || windows B HLT [11,12]

of high level —

features

High level features [ Pre-processing )
[ >

> Highly benefits all boosted searches with taus in the final state (HH—bbzz, H—7z..)

J —

19911 TP

. . Ve
Displaced Tau trigger: ,
/
. . . . . /
> presence of displaced taus in several models considering neutral /charged BSM particles |
|
(SUSY, Heavy Neutral Leptons) o B
[ EdgeConvBlock | ~ g \
> to improve the sensitivity for displaced di-t final states in low pT /high displacement region — -7 N
] -7
\K:1o C=( : . ) | \ _ P
DoubleTau, VBF+< triggers for VBF searches, can also be interesting for SUSY/ =
[ Global Average Pooling J
EXO P

ParticleNet@QHLT |13,14]

Fully Connected
2

New VBF diTau trigeer e
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https://indico.cern.ch/event/1053530/contributions/4430548/subcontributions/343883/attachments/2277037/3868432/2021_07_06_Davignon_DoubleTauJetTrigger_HiggsPAG.pdf
https://indico.cern.ch/event/1071743/contributions/4520682/subcontributions/350624/attachments/2313712/3938144/BoostedTau_trigger_Sep21.pdf
https://indico.cern.ch/event/1132501/contributions/4752391/attachments/2410661/4124930/exoLL_displacedTaus_18_02_2022.pdf
https://indico.cern.ch/event/1098361/contributions/4626456/attachments/2351678/4012002/Davignon_TauAndJetTriggersOverlapRemoval_L1TWeekly_2021_11_23.pdf
https://indico.cern.ch/event/1053530/contributions/4430548/subcontributions/343882/attachments/2277057/3868478/VBF%20Di-Tau%20Trigger.pdf
https://indico.cern.ch/event/1159020/contributions/4870394/attachments/2442041/4183637/DPS_L2TauNNTag_DAmante.pdf

The Tt reconstruction at HLT - Run 3

L2 + sz o ) (" Particle Flow ) ‘, —
LZTauNNTag Convolutlonal ; | From PF cand |

Neural Network (CNN) for | ' » HPS / cone based algo |
T tagging ‘, » DeepTau@HLT /PNetQHLT k

Complete Event

reconstruction, T
object information

1
|
|
|
|
1
|
|
|
|
|
|
-1
I
J
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
=1
|
|
|
|
|
|
|
|
|
|
a

1

E 1 CMS Prellmlnafy | | | 34, 3ft:> (13.6 Te:V 2022) E : 1 | | : 1 CMS Preliminary 343107 (13.6 TeV, 2022) .
5 o, — L g L e = x 5
i ¢ 1 ® : - ———e -
1 0o . e o Oe -
'O 0.8 i D ............................................................... et MU SRS ' ‘3\0 8 | e -.m-[g}-m—— ........................................................................................... : . (>.),0 8 i i—_l'_._ _______________________________________________________________________________________________________ :
1 C : E !  C : : i : : 2
1 @ * R o Y . :
e S 'O O T}, trigger :
i D-o- . eTh trigger o - ThTh trigger = KTh trigg :
T T T St S SR S 0.6 S S SRR S ' 0.6 i O :
' L —— 5 ' 'Ij :
T * o ' - - :
:+ : . + O : : ' ot : :
04 er,trigger performance S JRERETIY N e . Doubles trigger performance S AT I S— i, trigger performance _— 5
: —e— Data (p,"" = 30 GeV) o ’ —e— Data (p,"" = 35 GeV) : : —e— Data (p."" = 27 GeV) .
: _  —B Simulation (b} =30GeV) | v —5— Simulation (p™' = 35 GeV) o 5 . —5 Simulation (¢ =27GeV) | :
b0.2 e e — TE— Dl 0.2 | : ' 0.2 _E ..................... T— I — :
3 - é é § : ' ; ' - -
: 5 Offline taulD applied at Medium WP . . :Q Ofﬂlne taulD applled at Medlum WP : : Offline taulD applied at Medium WP : :
E 0 | FI L1 | L1 l L1 l L1 | L1 | L1 | L1 E E 0 L.ii | I L l Loy I Ly ] Ly | Ly | L1 : E o U FI L l L1 | L1 | L1 | L1 | L1 | L1 E
' 20 40 60 80 100 120 140 . 20 40 60 80 100 120 1 40 ' : 20 40 60 80 100 120 140 :
: Offline p_[GeV] ! Offine pl [GeV] © : Offline p_[GeV]
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The T reconstruction at HL'T
T Run 2 VS Run 3

Next steps: .

§il Evaluate performances for 2023 data taking i T
D> i
: 808 e, _._ .....................................................................................................
(already in place, private plots) 9 ~
= -
'" Introduce PartlcleNet ln HLT -E trlggers and 5506 I S S A A O RO
T -
compare it with DeepTau: from preliminary ¥ | - -
PR N T S H.T .FF!‘JQ.?T..P.?Tf.‘??!?‘?ﬂ?? .................. T
studies PNet seems to overperform w.r.t. DeepTau Data 2022, (13.6 TeV, 34.3 ")
Data 2018 (13 TeV, 50.7 fb) |
,. Retrain LQTaUNNTag E 0.2 _= ............ ..................... SR — e ................
: 5 Offlme tauID applled at Medlum WP
L1 Include boosted and displaced categories '_ | | ] ] | |
0 | | | | | | | | | | | | | | | | | | | | | |

20 40 60 80 100 120 140

: Offline p_ [GeV]

In general: performance improvements in all T pr range!

For reference, see [15] in Slide 21
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Conclusion and next steps

i Tau leptons are crucial to probe SM and to explore for BSM physics involving leptons

g1 Therefore, good performance in reconstruction and identification of the hadronic tau decays is

crucial for many important physics analysis in CMS, both SM and BSM

g1 In order to correctly identify hadronic t decays especially from jets coming from QCD multi-jet
events, many strategies have been explored at CMS:

o Offline reconstruction: HPS + deepTau

9 Online (trigger) reconstruction: L2NNTag + deepTau/ParticleNet

i Many improvements are foreseen/developed for Run3 and next LHC Runs in order to maximise

efficiency while keeping an affordable budget rate

11 We expect these improvement to have important impact on all analyses that include t leptons

thank you for the attention
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. arXiv:1408.0914

o arXiv:2103.165H58v?2

o arXiv:0912.0826

o arXiv:1811.07920

. Search for new physics in the T lepton plus missing transverse momentum final state:

arXiv:2212.12604v?2

. L1 1t algorithm for LHC Run?2

. Performances of reconstruction and identification of t leptons during Run2 at CMS

References . CMS Tau Trigger

. Tau reconstruction at CMS

. L2TauNNTag at HL'T

. The deepTau algorithm: arXiv:2201.08458

. DeepTau@HLT

. ParticleNet: Jet tagging via Particle Clouds arXiv:1902.08570

. ParticleNet@QHL'T

. Performance of tau lepton reconstruction at High Level Trigger using 2022 data from the CMS

experiment at CERN
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LHC time schedule

LHC HL-LHC

| | Run 2 i I | Run4-5.

EYETS 13.6 Tev LALEAL LS3 13.6 - 14 TeV
13 Tev _ —— — energy
—— Diodes Consolidation

splice consolidation cryolimit LIU Installation -

7 TeV 8 TeV button collimators interaction inner triplet : oL LH?

R2E project regions Civil Eng. P1-P5 pllot beam radlatlon limit installation
mmmmm»

5to 7.5 x nominal Lumi
ATLAS - CMS —
experiment upgrade phase 1 ATLAS - CMS |/
beam pipes nominal Lumi 2 x nominal Lumi ALICE - LHCb 2 x nompal Lumi HL upgrade

upgrade

75% nominal Lumi I |/__ ,
|/ m integrated 3000 fb™
m : luminosity lOIE{ &

We are here!

41 After a very successful Run 2 of the Large Hadron Collider, we are now in Run 3 with

LHC running at 13.6 TeV

$4 Run 3 will more than double the data delivered to the experiments
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DeepTau@HLT

i DeepTau is a new multiclass tau identification algorithm based on a convolutional deep neural network (CNN)

i In order to achieve an optimal tau identification performance, DeepTau combines information from the high-
level reconstructed tau features together with the low level information from the inner tracker, calorimeters
and muon sub-detectors using particle flow candidates, electrons and muons reconstructed within the tau

1solation cone

g1 In Run2 the DeepTau algorithm was used for offline t identification

i DeepTau discriminator introduced™ at HLT level in Run 3

o DeepTau@QHLT with same training as for offline taus, using HL'T objects as inputs

§i4 No re-training, but optimisation based on maximisation of algorithmic efficiency for signals while keeping the

rate at the Run 2 budget

i HLT performance in Run 3 MC samples (signal efficiency) and Run 2 HLTPhysics data (background rate)

used to optimised the deepTau threshold in different trigger paths
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https://arxiv.org/pdf/2201.08458.pdf

PaticleNet@QHLT

++ Building block

...Agg egation over k n m\
’ﬁ@@% %%\

ol

new features (dmension C7)

J

Input features Linear transformations ¢ - ¢ = ¢ - ¢
...... e . q“q‘q,,

S j—» :g[-@» ;-::Q\.@» .-ZE}.@_.

L o == === ===5
. : 6 k ﬁ k 6 [

............................................. AN
| SR (I ........................ ':
gy
1o & EdgeConv block (% (G, ¢, C7))

lnput coordinates

o Architecture
(1DCNN ............................ (Global average pooling) ( Fully ™
Input “ ABEEEHEH 48 | | connec ted
i features 1 IE 5 % § @ EdgeConv EdgeConv EdgeConv \ I E E (256) Outout
e et | L T e o > >| oo et |_p@n| P
{ Ilnput (16, (64, 64, 64)) (16, (128, 128, 128)) (16, (256, 256, 256)) L : anle 1O
coo rdi ates 5 B i
...................... (.=_2=6
> J J

g1 Output: Features of a jet, such as:

9 P, probability that the jet originates from a positive hadronic t

9 P,__ probability that the jet originates from a negative hadronic <t

9 pNet

prcorr

: 3 corr __
: correction for jet pT ( Jet)?" = Jet,

. corr(pNet)

o heavy flavour jet tagging, jet mass regression...
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on particle cloud representation for jet tagging,
wide use in CMS

Output features

..........................................
. e

CMS provides

offline and online (HLT) PNet training.
With dedicated training the performances can further be
improved.
The current results are stable w.r.t. the pile up.

First look at online tau ID and reconstruction with new
ParticleNetQHLT training shows promising performance for
both tau ID and tau reconstruction.

\o
ParticleNet: Dynamic Graph Neural Network based

N e
From the output features of ParticleNet..
o Hadronic tau probability: P, = P, + P,
th'+
, Charge confidence: 7., =10.5 |
Ph1'+ T th'_ ﬁ
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L2TauNNTag@HLT

‘ From PF cand
. » HPS / cone based algo

t » Isolation criterion /

L2 L2p5

Jets built around L1 Ef’. Pixel track based isolation
seeds. Muon and ‘ ?: sround

Particle Flow

Complete Event

: . | ! | reconstruction, T object |
calorimetric info ! ; L2 taus : ’ J ';

available | | Only di-t;, triggers information available

. deepTau §

Application of multi-variate analysis techniques to fully exploit all

In Run2 defined with a cut based approach.

available information while tending to reach the highest

Needs to be redesigned to keep rates at reasonable values performances in terms of t identification efficiency for a fixed fake

taus rate: L2TaulNNTag ‘

while reaching high efficiency

i The L2TauNNTag is a Convolutional Neural Network (CNN) designed specifically for 1, tagging

i Takes advantage of new GPU based pixel tracks in addition to the calorimeter information

g4 Training performed on di-Tau MC samples of Drell-Yan, T'Tbar and WJets samples for true taus, QCD events for fake

taus

gi L2TauNNTag threshold optimised to keep rate (measured from Run2 data) to an affordable budget with respect to cut
based and to L1 rate

g Efficiency computed on VBF H — 77 and Z' — t7 MC samples
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