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Doubly charmed baryon

* Doubly charmed baryons resemble hydrogen-like atoms.

* Simplify calculations and allow predictions about their characteristics.
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The J¥ = 1 (left) JP = 3" (right) flavour SU(4) ground-state charmed baryons.
2 2

[Prog. Theor. Exp. Phys. 8 (2020) 083C01]
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X at LHCDb

 Measurement of EfF

« Cross section = (2.22 4+ 0.27 4+ 0.29) X 104 chin.phys. C 44 (2020) 022001]

« T(EX) = 0.256%955(stat) + 0.014(syst) ps

[Phys. Rev. Lett. 121 (2018) no.5, 052002]

« m(EX") =3621.55 + 0.23(stat) + 0.30(syst) MeV/c? iPhys. Rev. Lett. 121 (2018) no.5, 052002]

Al 8 a F 1 T T T T T = fn 800 T T T —TT—

e 4% L ; 12 - -
S 16f] S b HO +Data 1 3 | LHO ome i
Ts14H o 800 o prp-gint — Total ] Q B ° .
i 14E = - e AR T ] S 600 - - - Signal —
212k i - --Signal . i

§ i) B 7 o ---- Background
15 = 600 ---- Background ] N S5t ]
08 & I 1 g 400p TRl S5t
06 ? % 4_0{]_ | m E : " ‘ + -
04F = i ] = i n .
F [ . '
0.2H 3 i 200 ' -
F B — 8 v -
0 E" """""""""""""""""""" e od U 200 - - U : --------- I| [
o e R T i . ) P ]
05 1 D 1.5t_ 2 Oh. [ L R , 0-. L P TN S T
ecay time [ps] 3500 3600 3700 3400 3500 3600 3700 3800
—t —t
mo(Eec) [MeVic?] m__(Z&") [MeVic?]
N, =1598 Ny, = 616
CE/RW . . .
. Linnuo Zhang | (Re)discovery of the Doubly Charmed Baryon in LHCb Run-3 Data 29 August 2024

N7



Prediction of £, Lifetime

7( £77) || Pauli interference effect & W-exchange effect T(E}) = %T( Er

[Nucl. Phys. B 248 (1984) 261]

Et. Search, Present status (with Runl & 2 data)

« A bump around its isospin partner, =", with a local significance 3o

x10°
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[Sci. China Phys. Mech. Astron. 63 (2020) no.2, 221062]
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Why pay attention to A}

—o++
— o
E;I.-c-l_ 4 AZ-K_T[-FT[-I- Eg_c N Ag-K_TL'-I-
Two important channels for searching £,
both including Af
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A¢

- Number of A} events in 2018 data: 8.6 x 107

INn LHCb Run3 data

« Number of A} events in part of 2024 data (before including UT): 1.3x 108

Af (- pK~nt™) mass distribution
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oy (A7) has stronger dependence on P;(A/}) in Run3

Shared this result to egroup for alignment work
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Jibo He <jibo.he@cern.ch> Thursday, July 18, 2024 at 17:27
To:  Ihcb-rta-calib-and-alignment (egroup for work on alignmentcalibration within RTA project); +2 more

Dear Al

Hope this i right list for discussion.

Following a chat with Vincenzo afts
pi) mass resol
is stronger for

BTW: Linnuo is a summer student working with Monica and me, on {re)discovery of

Cheers, Jibo

) has made the plots of the Lambda_c+ (> p K

er the running meeting of last week, Linnuo (in CC) h mbda_

ution as a function of Lo PT (and Y) for 2022/23/24 and 2018 data, as attached. So, in general, the dependence on PT
Run-3. We hope this adds a bit info on understanding the mass reso s binned in

PT/Y, it might be more clear if one bi

lution in Run-3 data. Now this is binned in Lc
ins in PT/Y of a muon from the J/psi decay.

Xicc in LHCb Run3 data. 7



Workflow for extremely large amount of data
Without saving a new Root file

import ROOT
Use RDataFrame e oy 2
from apd import AnalysisData

» Deploy preselection cut inport

ROOT.EnableImplicitMT()

 Define new branches

lineName "XiccpToLcpKmPip_LcpToPpKmPip"

« Get MVAresponse treeName = lineNane + “/DecayTree”

NO ro Ot fl I e SaVI n g b efo re datasets = AnalysisData( "charm", "charm_baryon_spec_2024_data", polarity=["magdown","magup"])

th e fl nal Ste paths = datasets( eventtype=94000000, datatype=2024)
F) rdf = ROOT.RDataFrame( treeName, paths )

model = ROOT.TMVA.Experimental.RReader("XiccP2LcKpi_ BDTG_v1.xml")

variables = ["float_Hc_VCHI2DOF","float_Hcc_VCHI2DOF","Hcc_DTF_PV_CHI2_Hcc_DTF_PV_NDOF",\
"HcPp_PID_P","HcKm_PID_K","HcPip_PID_K","HccKm_PID_K","HccPip_PID_K",\
"ACos_Hcc_BPVDIRA","LcP_P_LcP_P_LcK P_LcPi_P"]

= rdf.Define("Xicc_ConstM", "(Hcc_DTF_PV_MASS-Hc_M+2286.46)")
newT.Filter("HcKm_TRCHI2DOF<3 &HcPp_TRCHI2DOF<3 & HcPip_TRCHI2DOF<3 &"\
"HcPp_P>1000 &HcKm_P>1000&8HcPip_P>1000& HcPp_PT>200&HcPip_PT>2008HcKm_PT>200 & HcPp_PT+HcKm_PT+HcPip_PT>3000 &"\
“TMath: :Max(HcPp_PT, TMath::Max(HcKm_PT,HcPip_PT))>1000& ")
rdf_addnew = aCut.Define("float_Hc_VCHI2DOF","float(Hc_VCHI2DOF)").Define("float_Hcc_VCHI2DOF","float(Hcc_VCHIZDOF)")\
.Define("Hcc_DTF_PV_CHI2_Hcc_DTF_PV_NDOF","float(Hcc_DTF_PV_CHI2/Hcc_DTF_PV_NDOF)")\
.Define(" log_Hcc_PT","log(Hcc_PT)").Define("log_Hc_PT","log(Hc_PT)").Define(" log_HccKm_PT"," log(HccKm_PT)")\
.Define(" log_HccPip_PT"," log(HccPip_PT)").Define(" Log_HcPp_PT","log(HcPp_PT)").Define(/" Llog_HcKm_PT"," log (HcKm_PT)"|)
df = rdf_addnew.Define('BDTG_value',RO0T.TMVA.Experimental.Compute([23, "float"](model),variables).Filter("BDTG_value[@]>0.94")
df.Snapshot("DecayTree", "afterMVAcut.root")
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WorkfIOW Ec-.l_c-l- — /12,_ K_T[-I_T[-I_ Impact Parameter (IP)

* Loose pre-selection, reduce background Sce
 According to features (like IP, P;) of £X* and its daughters

 MVA training, use MVA response to separate background and signal
« A ML method: exploiting the correlation between input variables

» Get a better signal-to-background separation.

TMVA overtraining check for classifier: BDT

'E - Signfi qllanil uhl‘n; n "a Iﬁiﬁnd (1|'Ilir|li|'|gI a‘npllsll ! I:
% . E ound (test  * Background (traini ) sample)
g .Em goray-Smimoy tes: signal (background) probabily = 0.008 (0227)

T T T A T O T T A
LD flow {5, 8} (0.0, 0.0}% / 0.0, 0.07%

0.2 0.4
BDT response
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Workflow: E7F > AT K~ ntn™
* Loose pre-selection, reduce background

 MVA training, use MVA response to separate background and signal

e Remove clone and duplicate candidates

 Clone candidates

 Atrack of a particle from A} may be reconstructed twice, and the clone one is used to reconstruct ZZ.t.

* Require the angle between the momenta of two tracks > 0.5 mrad

e Duplicate candidates
e 31wt and 2 K~ inthe whole decay process
« wt /K~ from A} swap with that from EZF
 If two (or more) £XF candidates share six pairs of identical

final-state tracks, randomly keep one candidate.
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Workflow: 577 - ATKntn™

* Loose pre-selection, reduce background

 MVA training, use MVA response to separate background and signal
 Remove clone and duplicate candidates

e MVA retraining:

« Use Z1T signal in data as training samples

* Use Run-3 MC samples to train a new model

The same workflow is also used for Eff - Efnt, Bl > ATK @

Expect less background, more signal, better resolution
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it > ATK ntnT, Run-3 dataset

Apply MVA cut to preselected data

MVA model trained by Run-2 MC samples

N
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it > ATK ntnT, Run-3 dataset
Remove duplicated and clone candidates

exp_coef = 0.00188 =0.00012

1000

+ mean = 3620.01 =0.24

Counts

nbkg = 37943 + 220

Remove Duplications

800
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it > ATK ntnT, Run-3 dataset

MVA Re-Training 1:

* Use signal in data as training sample

Variables selection:

~++ . 2 2
—cc . PT’XFD,XIP nnn

« Gradient Boosted Decision Tree (BDTG) method =++ daughters: PID, P; ...
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it > ATK ntnT, Run-3 dataset

MVA Re-Training 2:

« Signal samples: Run-3 MC samples Variables selection:

 Background samples: WS samples EXt: Pr, Xép, Xfp oo

« Gradient Boosted Decision Tree (BDTG) method Z;." daughters: PID, Py ...
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it > ATK ntnT, Run-3 dataset
WS channel check
MVA based:

exp_coef = 0.002064 = 0.000074
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it > ATK ntnT, Run-3 dataset
WS channel check
MVA based:

exp_coef = 0.002064 = 0.000074 exp_coef = 0.001789 = 0.000082

1600
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MVA does not cause fake peak in WS samples
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EX > ATK ntwt |
MVA based, Compared present & previous results

EXpP_COUEI = ULLWUID/S D WUuUID
v L
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Almost twice the signals in LHCb part 2024 Data as in 2016-2018 data
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MVA based, Compared present & previous results
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Summary

 Studied A/ mass resolution as functions of P;, y in 2024
sent to alignment group

» Studied and optimized event selection for:

« F3Y 5 ATK mtw™, twice signals in part of 2024 data,

compared to signals in Run 2

« B3 5 Efpm*, better sig-to-bkg ratio with new MVA

model

« 51 > ATK~n™, blind analysis, more A’ signal, expect

1st observation of E}. w/ 2024 data =

MiMeV1
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Summary

 Studied A/ mass resolution as functions of P;, y in 2024
sent to alignment group

» Studied and optimized event selection for:

« F3Y 5 ATK mtw™, twice signals in part of 2024 data,

compared to signals in Run 2

« B3 5 Efpm*, better sig-to-bkg ratio with new MVA

model

« 55 > ATK~n™, blind analysis, more A’ signal, expect

1st observatlon of £ w/ 2024 data =

Thank you! o

MMMMM
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