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Particle Physics & Beyond the Standard Model

The Standard Model (SM) of particle

physics successfully describes the ] _
observed matter constituents and  Standard Model of Elementary Particles + Gravity

their interactions. three generations of matter interactions / force carriers
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Hence, need to search for Physics
Beyond the Standard Model (BSM).
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Rare Decays and Hints for New Physics

* The bulk of hadron decays proceed via tree diagrams
Rare decays involve loop diagrams also z-type penguin. ~ “Tree”
New Physics (i.e. beyond the SM) involves new particles,
which could also participate in such loops via virtual
guantum fluctuations - noticeable effects on decays,
in particular since they are suppressed in the SM.
K —> 7anv v

b —> s u U > Additional neutral gauge bosons
b »> crv » Leptoquarks
h — » Extended Higgs sector

Some rare and forbidden hyperon decyas are: ”penguin”

5
B; — BylTl™ dilepton decays
W
B; — Bjvv decays via a Z-type penguin v / 70
ft

Lepton-number-violating decays with AL = 2

Currently no clear signs of new physics from direct searches at the colliders.
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Flavor-Changing Neutral Currents (FCNCs)

FCNCs are the processes in which the internal quark structure changes but no
alteration in charge.

Absent in the SM at tree-level as all flavor violation comes from the CKM
matrix in the charged W-quark.

Involved small off-diagonal CKM elements.

Low-energy experiments provide us with a large amount of valuable
information about the dynamics of FCNCs.

Standard Model FCNC

Beyond—-the—-SM FCNC
S
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BEPCII and BESIII Experiment

*BEPCII is the only collider currently running at tau-charm energy.

*First collision in 2008, physics run started in 2009

*BEPCII reached peak luminosity of <10 cm sec @1.89GeV in April 2016.
*Finished J/{ data taking (10 Billion) in February 2019.

Solenoid Magnet: 1 T Super conducting

MDC: small cell & He gas
o,.,~ 130 pm
Sp/p = 0.5% @1GeV
dE/dx=6%

2018: Inner upgrade

NIM A614,
345 (2010) °

Ref: q = .- : %i

90 ps Barrel
110 ps Endcap
2015 ETOF upgrade: 60ps

Muon ID: 8~9 layer RPC
Opo=1.4 cm~1.7 cm

EMCAL: Csl crystal Data Acquisition:
AE/E =2.5% @1 GeV Event rate = 3 kHz Trigger: Tracks & Showers
6, , = 0.5~0.7 cm/VE Throughput ~ 50 MB/s Pipelined; Latency = 6.4 us

Clean environment and high luminosity at BESIII are
helpful for indirect probe of new physics
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Hyperon Production at BESIII

Decay Modes Branching Fraction(X10/-3)| N_B(X10"6)

> A 1.89 + 0.08 18.9+0.8
> =% 1.172+0.031 11.740.3
P -> I 1.50 £0.24 15.0+2 4
) -> Z(1385) 5 (or ce 0.31 £ 0.05 3.1+0.5
I/ -> £(1385) 51385 @ cr  1.16 £0.05 11.6+0.5

I-> gz 1.17 +0.04 11.7+0.4
Jilh=> =g 0.97 +0.08 9.7+0.8
I -> =21530)'=’ 032 +0.14 3.2+1.4
Jb-> E(1530) = 0.59 £0.15 5.9+1.5

Hyperon production from the J/Y or {(2S) two body decays with 10710
events on the J/ peak and 3 X 1079 events on the y(2S) peak.
N_B is the number of expected hyperon pairs.
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Hyperon Decays with Missing Energy @BESIII

Hyperon decays study with missing energy in BESIII is very
interesting topic and this will be my leading PhD research work.

The rare and forbidden hyperon decays will play important role in
search for new physics.

Tag technique is best with known centre-of-mass energy.

Two-body decays of the J/y will be important, specially for rare
decays and decays with invisible final states.

These decays modes are through Z-penguin like weak neutral
currents.

Expected no. of hyperons produced ~1076 - 1078 with 10 billion J/{.
Sensitivity can be achieved 107-5 - 107-8.
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Signal Processing and analysis

Signal Processes: Decay Mode Sensitivity
. . : B(90%C.L.) (X107-6
* Jiy-Y Yand X vy EAEL )

e J/yw—>AA and A > nvyv

o J/l//—)_:d and EO—>AV1;

* JwoE (153008 and 0 X

Analysis Strategy:

* Double tag technique will be performed to measure the absolute branching
fractions.

° B = N sig — N sig
- N tag g Sig N tag g tag ,sig /8 tag $

( Tagp-zév/;/ é
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Summary

The CKM mechanism of flavor violation has been confirmed
with high precision.

FCNCs can probe for the contribution to the NP in hyperon
sector.

FCNCs are supressed at tree level and must occur at higher
order.

Their supressed nature and clean environmental signature,
make them excellent search channel for NP.

Using the J/{ data, official Inc MC samples and signal
samples generated, the Hyperon decay modes can be tested.

Looking for baryonic decay modes only.




Plans

Preparing Proposal, Literature Review April, 2019
and Opening Report Submission

Analysis Starts with Signal and Monte April- May, 2019
Carlo Studies

Statistical Studies and Result August, 2019
Interpretation

Writing Memo August, 2019

Thank You
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Analysis for Dark Photon Search
Y@2S)->y y  and y —> v |

. rec mass gam2 h_rec_mass_gam2
| have started analysis for the search |60 ags gavi2 | Entries 2167

of Dark Photon 0 ] or N
| have generated the signal and also

done the Inclusive MC test.

| have used some preliminary cuts
for the selection algorithm.

| have reconstructed the chicj_mass
from the final state dilepton mass
and the energetic gamma.

This plot shows the reconstructed
mass and the three peaks show the
three resonances of chic;j.

There is already well knows analysis
for Xo,—2eellv

So, my analysis was targetting for the
non-resonant process for searching
dark photon.

34 345 35 355 36
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Reconstructed Mass of Chicj_mass from
final dileptons and Energetic Gamma
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