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Scouting data stream CMS

The Scouting data stream stores the Run 3 chuting
partially reconstructed event Standard ~2 kHz
information directly from HLT »

Prompt offline reconstruction
Scouting triggers have significantly g
lower thresholds than standard O _

‘D _ 4 Parking ~4 kHz

This trigger strategy greatly benefits 8 Delayed offine reconstruction
uminosity based searches that target
ow masses and low production rates %N

Scouting ~25 kHz

Excellent CMS review paper on ~40 MRz ~100 kHz

Scouting/Parking here

No offline reconstruction
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https://cds.cern.ch/record/2892672/files/CMS-EXO-23-007-arXiv.pdf

Scouting objects

Scouting Particles

Scouting Jets

Scouting Muons
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What about taus?
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CMS Scouting 77 analysis overview CMS

R KA Tﬂ
® Developed new 7; object in the Scouting ¢
dataset with pT > 5 GeV v - -
® 7, reconstruction limited to pT > 20 GeV in TEEEE8 0 T
standard datastream h

® 2022+2023 analysis done OR of HT (sum of jet
activity), EG (e/y), and Jet L1 seeds, as there
were no 1, triggers in Scouting

i, +er,, No B-tag, Tight-m_, 100= p'<200 GeV {38 fp™' (13 TeV) 0 138 fb™ (13 TeV)

—— Observed —e— (Observed

Preliminary D Tt Bkg.
] detr,
]
\: Others

Expected

- 68% expected
D 95% expected

< Events / GeV >

® Analyze the 7,7, final state

® \We search inclusively in a never betore
explored discovery region with M__. < 60 GeV
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J. High Energ. Phys. 2023,73 (2023)
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® 7, reconstruction limited to pT > 20 GeV in IRRRREK] T,
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were no 7, triggers in Scouting
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® Analyze the 7,7, final state

® \We search inclusively in a never before
explored discovery region with M__ < 60 GeV

5
2o
i
R
C
M
=
(@))
k)
o)
c
@)
=
£
—
@)

250 300 ) 1000 2000
m.. (GeV) m, (GeV)

J. High Energ. Phys. 2023,°73 (2023)

‘C 6 Connor Houghton | Moriond QCD




Reconstructed Hadronic 7 categories

One prong tau

solation cone AR — 0.4 T T

.................. Signal cone

’ AR = —
ET

One prong one strip tau

Isolation cone AR =04

Tcone
AR = AR, .

(Constituents, axis) Strip

_ ...... 3.0

T A AR == Signal cone
)

CMS

Three prong tau
T Axis

Isolation cone AR =04

Tcone
AR = AR, .

(Constituents, axis)

One prong two strip tau

Isolation cone AR = 0.4 AN, S

Tcone | X \ P
AR = A Rmax

.......

Signal cone L
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Scouting Hadrons Plus Strips (HPS)

® Engineered Scouting 7;, object from
scratch

e 7' candidates clustered from e/y
e Construct 7, candidates from 7+ and #°
® |ts possible to build a 7, from the

imited HLT information available in
Scouting

CMS Note on procedure
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Generator level distributions of ¢ cone size for Y and Z simulation
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https://cds.cern.ch/record/2905110?ln=en

Tau Net: a permutationally invariant model based on DeepSets

® A similar model has been deployed at CMS for quark-gluon

® Current model achieves 90% accuracy rate on testing data

CM

discrimination

Model trained on 2.5 million 7, decays

Scouting 2022 (13.6 TeV)
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TauNet score for same sign events in a Z-rich region of data
vs. score for Z — 7,7, simulation
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Input features

AY,
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JetPt
E
JetE
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ely?

In
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Charge
dxy
dz

— An between PF particle and jet axis
— A¢ between PF particle and jet axis

— AR between PF particle and jet axis

— |log of pt ratio between PF particle and jet

— log of energy ratio between PF particle and jet

— |s the PF particle a hadron? (0,1)
— |s the PF particle an e/g? (0,1)
— Charge (-1,0,1)

— dxy of charged particle (0.0 if neutral)

— dz of charged particle (0.0 if neutral)

T COnStltuent () — Is the PF particle an element of the HPS tau? (0,1)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.201803

Analysis strategy and event selection

Search is a bump hunt performed over the
spectrum in data 2022 + 2023 between the

T

T, visible mass
and Z masses

We detine three major analysis regions, signal, Z, and Y

Region Ty Pr T, Pr T, ISO
Signal Low Low High
< High High High
validation J J J
X Low Low Low
validation

Z clearly visible

We expect to see
something....

Split the signal region into single prong, three prong, and
single prong plus N strips for ¢ search

CM
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Scouting 61.9 fb™' (13.6 TeV)
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The first proof of Scouting’s efficacy in the 77 final state
was the reconstruction of the Z — 7,7, peak
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Can we see the Y? CMS

® Y — 77 has not been seen at

a hadron collider before g Scouting 61.9 fb™ (13.6 TeV) g Scouting 61.9 fb™' (13.6 TeV)
() (b
O CMS Preliminary O CMS Preliminary
® \Ne see a feature consistent 10000 w Data « . Dua
(@) o . .
. — E —— Y signal + background fit E) Y signal + background fit
W|th Y T//tTh qC) Background ch Bac.kgrolund
Lﬁ 8000 Y signal | , Lﬁ ----- 1219::: simulation
. . Y —t, T, simulation @
® Bump matches simulation T e

shape expectations well

3 prong + 1 prong T,

1 prong + strips T,

® Peak appears at ~6 GeV due
tov, +v,+ v, loss

® Peak at <4 GeV is due to
nighly merged combinatoric B 12 14

background and reproducea Mis(it, 7) [GeV]
by QCD simulation

CM
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Fits to visible mass backgrounds in signal region
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Systematic uncertainties CMS

® Uncertainty on TauNet

- Measured on Z using pass/fail ratios in Data/MC

® Trigger unce rtainty: Source of uncertainty Effect Type Value
TauNet Yield InN 10%
- Used difference tfrom unity on 7, reconstruction lrigger Yield inN 8/3
i - orthoaonal triager stud Luminosity Yield InN 2.5%
criciency in o 9 99 Y ¢ (Z/") mean Shape Gaussian 3.7% (5%)

9 Z/y)width  Shape Gaussian 3.5% (5%)

® () signal shape uncertainties

- Measured using the percent differences of width
and mean of SM candles between Data/MC
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Results: Limits on gg — ¢ — 77 production

® Set limits on gluon-gluon fusion

oroduction of a benchmark scalar ¢
pboson at 95% CL between 20 and 60
GeV

® [irst ever inclusive limits set in the 7t
final state below 60 GeV in ¢ mass

® No significant excesses founad

CM
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Summary CMS
® First Scouting analysis to use 7,
® First demonstration of Z — 77 using Scouting data
® Feature consistent with Y — 77 seen

® First ever inclusive limits in the 7z final state below 60 GeV

® PAS coming soon

Future:

® Soft u trigger (11 GeV) added to Scouting in 202442025 - will greatly increase sensitivity

® More than 30x acceptance of signal projected on this trigger
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-012/index.html

