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Compact Muon Solenoid

 |InLHC, b* can be produced in g+b by strong interaction:

g - Ez T e 1
L =22G, bo"*(k’P, + k5P )b* + h . c 2 | k
MU L" L R* R € 0.35)
2N\ 5 | BR(b* — Wt)
. . . : BR(b* > 2Zb) -
 And decays via tW by the weak interaction: RS SRG* —ba) ]
g2 0'25; "I-"'-.,, """ BR(b* — bH) -
— —|—_ >I< . ]
£ = W'M t}ﬂu(gLPL T gRPR)b T h.c ;‘:' ....................................................... 1
\/2 e T — —
« tW channel dominates when M, . > 400GeV. | e

3 final states:

P —

Leptonic W v I ———

Boosted W

P

All hadronicll Leptonic top + Hadronic WI2l Hadronic top + Leptonic WIS


https://indico.cern.ch/event/938675/contributions/3982528/attachments/2088991/3513931/BstarApproval.pdf
https://indico.cern.ch/event/1222098/contributions/5141378/attachments/2552406/4397372/B2G-21-005_Approval.pdf
https://indico.cern.ch/event/1015494/contributions/4273932/attachments/2207776/3744281/B2G-20-010_Approval.pdf
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Compact Muon Solenoid

Existing Run2 results: "’Fc'ms R "_)'bl' | '_)twﬂ
b* search in full hadronic final state at13TeV in CMS, B2G-19-003. P e 95% CL upper limits
b* search in lepton + jet channel at 13TeV in CMS, B2G-20-010. U3 ——— Observed -

Median expected

b* search in tW channel at 13TeV in CMS, B2G-21-005. s
B2G-19-003 and B2G-20-010 had been combined in Run2. e

_| 95% expected

Mass limits [TeV]

o(bg— b* — tW) [pDb]
)
|

Median expected Observed 107
Chirality | I4jets all-hadronic combinaton. 2 £ TS
LH 2.95 2.95 3.09 2.95 |l :
RH 3.02 3.02 3.17 3.03 107 N
VL 3.22 3.28 3.43 3.22 T T T T
1000 1500 2000 2500 3000 3500 4000
B2G-21-005: - 133-138 fb™' (13 TeV)
i_ 10 E—CMS Observed
g ; Preliminary P 68% expected
- T tmmmmees 95% expected
f 1= o(pp — b*RH+LH — W)
Limit (TeV) LH RH VL i f
2 10
Observed 2.3 2.7 3.1 X F
Expected 2.3 2.4 2.9 Foze
@) —
10—3;—

| | | | | | | | | | | | | | | | | | | | | | | |
1500 2000 2500 3000 3500 4000
4 M. [GeV]

RH+LH
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Run3 Overview

P

*\We choose leptonic top + hadronic W as our final state.
Final state:

high pt Top: lepton, neutrino and b jet + Boosted W jet. N — e q

—

_ _ Leptonic Wy 4   Boosted W
*Advantage of this final state: : q
Only one lepton: easy to trigger, efficiency is known
Leptonic Top and hadronic W: we can obtain invariant mass of b*(only 1 neutrino) p
*Run3 update: preselections(b tag and W tag method, ) , using machine learning(planned).
*Run3 status:
MC signal samples(b*->tW @13.6 TeV, 1.2TeV-4.2TeV) have been produced successfully.
Data/MC in preselection region and TTCR looks fine.  cMSriminay M_PtLepton o o 1 13.6TeV) o prtiminary M-PELEPON e i 13 6Tev)
Set expected limit with 13.6 TeV b* signal. g echannel B lon st = aco § . echannel =z =~ Sw mvz
1 EE ?gta - RH2600 77 Unc. i} T — RH2600 =7 Unc.
Working on applying corrections and systematics. 10°
% 100 150 200 '252(: ptlm[lec;\s/?o .%6"7m'm"”""'“1"86"' """ ol '“ég'ci;m:w"'é'oo
TTCR ) Preselection R
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>SR definition: <

» Cut optimization performed in preselection region to improve limit sensitivity. 3 !
zAdditional MET and AKS8 jet pT selections are used to defined two SRs: 8
»chosen by compromise between the expected sensitivity and M.y, distribution statistical precision. .

?tt template take from MC, the uncertainties will be constrained by simultaneous fit to ## CR and SRs.
»QCD background will be predicted from data driven(ABCD method): both shape and normalization. v
> The other backgrounds are predicted from MC directly. v/

Compact Muon Solenoid

High mass SR

»Using ML to enhance the separation between signal and background(PIanned).

>Fit high/low mass SR, QCD CRs and TTCR simultaneously(Future).
>»Use asymptotic CLs method to set limit. (combine tool)

== g—

Preselection region

C High mass SR { met>80GeV and ak8 jet pT>400GeV )
~ { Wtagging, 2D cut
O Low mass SR { met: 0-80GeV or ak8 jet pT: 200-400GeV
e
E ttbar CR ) Rel 30
5 ar LSRR P > 30 to remove more QCD
O] b*->tW '<
C Region A: N bjet==0 and tau2l cut
o » Electron channel { Region C: N bjet==0 and invert tau2l cut
8 \. QCD CR Region D: N bjet>=1 and invert tau2l cut
<

Region A: Anti 2D cut and tau2l cut
~ Muon channel { Region C: Anti 2D cut and invert tau2l cut
Region D: 2D cut and invert tau2l cut

6

80

MET
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Run3 Early Results

» Search b* on M.y, distribution. Combine High/Low mass SRs and Ele/Mu channels.

* Use asymptotic CLs method to set limit (combine tool).

26.6 fb' (13.6 TeV) 26.6 b (13.6 TeV)

26.6 fb™ (13.6 TeV)

E | | I | 1 | | I 1 | | | I | | | 1 I | | | 1 I | | | I | 1
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1

— o) o)

g 10 :_CMS B 639 expected o 10 E—CMS - 68% expected o 10 g—CMS - 68% expected

s = Work in Progress=- gss expected 3 - Work in Progress.-.-= g5, expected S < Work in Progress.-—- 959, expected

1 1E olpp = b*LH = tW) ! 1& o(pp = b*RH = tW) ! 1 o(pp b*RH+LH —~ W)
x E x E E

|
1500 2000 2500 3000

|
3500

m....

4000

[GeV]

b RH+LH

Vector -like

LH RH

» The expected mass exclusion limits on a b* decaying to tW are 2.9 TeV (LH),
3.0 TeV (RH), 3.3 TeV (Vector -like).
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> Search for b* decaying to tW in leptonic top channel using Run3 data.
* Analyzing 2022PostEE data now.

* Working on applying corrections and systematics .

o Set expected limit with 13.6TeV b* signal.

> An optimistic Timeline:
 End of September: We hope all the necessary corrections will be in place.
 End of October: We aim to have all the systematics fully implemented and all data include
 Mid December: Draft version of the AN may be ready for review.
* Next January: We aim to give an engaging and informative CADI talk.
* April of 2026: We hope to get pre-approval.
 We hope to get approval before 2026.10.



Back up: Run3 Preselections
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* Muon Trigger:
HLT_Mu50 || HLT_CascadeMu100 || HLT_HighPtTkMu100

* Electron Trigger:

HLT Ele115_CaloldVT_GsfTrkldT || HLT_Ele30_WPTight_Gsf

| HLT_Photon200

At least one b-tagged AK4 jet:
opT > 30 GeV, ‘;7‘ <24

~Medium WP of the robustParticleTransformer b Tagglng
~Jet VetoMaps applied

Exactly one lepton:
“pT > 53 GeV, ‘;7‘ < 2.4,AR(closedbjet, lepton) < 2

~2D cut: AR(ak4jet, lepton) > 0.4 orp’”el > 15GeV
~Muon ID: Tight ID

~Electron ID: Electron mvaNolso WP90 L EWE'e'D

Exactly one W-tagged AKS jet:
©pT>200GeV, |n| <24

-~ Medium WP of the paticleNet W tagger
~ AR(AK4jet, AKS8jet) > 0.8

[NEw v tag oo
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Top: b-jet + lepton + neutrino(MET)
W: Fatdet A

<

Leptonic W

Boosted W

» Forp,(v):

P
Assume leptonic W is onshell, p.(v) can be obtained by solving quadratic equation:
» 0 real solution: p_(v) = real part of the solution

» 2 real solution: p_(v) = solution closest to p_ (lepton)

* For multiple b-jets candidates:
The reconstructed top mass is closest to 172.5GeV is chosen.

10
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>Splitting phase space by 2 uncorrelated observables:
»Muon: pN Wtagger and 2D cut (not optimal for electron channel due to electron have isolation in trigger).

>Electron: pN Wtagger and N, ;

»SR can be evaluated as: Ny = (N4/N) * Npy. N; = Data — nonQCDMC(i = A,C, D).
»QCD shape: Do ABCD method for each MtW bin.

Muon channel Electron channel Correlation Matrix (background)

PN PN Li lati fficients in %
: - inear correlation coefficients in % 100
1 . l
- i BoosteJetpT 100 80
1 il .
: Region B (SR 160
RegionA : 9 (SR) v
: - —40
: : tau21 e
| il
. I DeltaR(l,jet) —-20
1 i
il n -40
. 1 . . i rel
RegionC ' RegionD Region C . " 60
| il
I 1 ycid 100 ~60
: : -100
Mey /ot De/fa R jet)faue7 NB'/er BOOSfeJ o7

Anti 2D cut 2D cut N Bjet == N Bijet >=1 Run2 results
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e b*->tW XS comparison.

o ° 13.6TeV
10°; o e 13TV
* XS values from MadGraphs. ; i
S 1071 - ;
- Q
S ¢
0 ¢
5 1072 - ¢ .
n o
S : .
O ° .
10—3 i e} : )
1.4 - e © @
: O ® ® O O O O O ®
Ratio =XSi367.v/XSi37ev ®121 o © ® o @
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1500 2000 2500 3000 3500 4000
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