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Development of a GPU-based High Level Trigger for the J-PARC KOTO experiment

Title (J-PARC KOTOERIZ#51F % GPUZ N 7= A b k) H— D R%)

The main aim of the J-PARC KOTO experiment is to measure the branching ratio of the CP-violating K; —
m%v¥ decay. To improve our understanding of its background contributions and to enhance the precision of
this measurement, several categories of physics events need to be collected on top of the K, —» n%vv

candidates. To cope with these demands, the KOTO data acquisition system has been upgraded before the

beam-time in 2024. Particularly, a GPU-based High Level Trigger (HLT) has been developed.

The new HLT could capture incoming data with a negligible packet loss. Event reconstruction, selection, and
compression could be performed on GPUs to reduce the data size to 18% of itself. The event loss due to HLT

inefficiencies was decreased from 3.5% at the beginning of the 2024 beam-time to 0.4% at the end.

The new HLT in 2024 allowed for the collection of enough data to improve the precision of the K, —» 2r°
background estimation by an expected factor of 3. K* candidate decays were also collected to measure the K+
flux into the KOTO detector. K, » n°e™ e~ candidates were continuously recorded too to study the feasibility

of a future K, > n%e* e~ search.

The usage of GPUs in the HLT allowed it to cope in real-time with the high data rate and computing demands.
The development of the KOTO GPU-based HLT, as well as its performance during the 2024 beam-time are

presented in this thesis.
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J-PARC KRIFRELRG - INEER D KOTO EBRO HAIE, PHEREFG KPHEF KA 2 Pl F L =2 — M) /et ENL D/
BERDLIZLICL - T, BHERREWADH LWRK B AL Z L Th D, J-PARC DINIEZR D B — LTRED
M &, KOTO ZERCHUAS Lic W T —# BOHIMICEY, T — X WMET AT A EHB LT,

Mario Gonzalez Ki&, Z ® KOTO EEBrDTFT — ZIWNE S AT AEEBOPFTYH . HKEDONA L N H— R
TAEBRELEELE, TR EEAL, 2024 FOKOTO EHROT -2 2 NE L, 45D Ea—FEN
FIT 40 Gbps DEETTF — X 22 1T D, GPU AW TEHEAR AL T4 Uil L ELEIR, F— ¥ E 4 E8
Lz, 2OFT— 4% —BREHOa a2 —%1lkbd, 205, 3.6G6bps CERHMOT —F L X —~FT—F
EERD,ZOHEOVAT AEFREE T UENL 2 O E— 280 H LIZDWT 11,000 H4 5 B TE 208,
FEMAFE Lz A LU R U H—"TIX 50,000 HHFE TUHTEDL XL O oT, 2024 DT — ¥ B4 T,
BrHEgE N e ERFEMAENOT —Z 2ab¥, SRWLEASr72 18,000 L THEE Lz, o, ~A LUL
MU —Tix, FREINEEMCLD T —F &L I8BICHIE L7z, 7 —FHEKIT 0.4%& EROFEETH 72, W
BLET—2OBEELHERL, ZOT—FRBITICEZSZ L2 BB L, £, TREGHEAOT —F T
3. HOIEREFEZVPERICHBTE VWD ZLARIETE 2, Fho, JOBERFLRIZOVWTIE, 7—4 &2 1L E
TEY IREEL<EGL., MEIREZ 1/3ICTE L RIAREHBT,

FEKOERIZE Y KOTO RBROTFT — X EZWB L, LWL OF— 4%, GEICEBEICBGTE 5V AT L%
WMETE, ERFROFMBEEL M L CTE, SBROWBMREOEMEL H 272, GPU WA 2 T A RN I
JREL7R IS AN FIRETH D | 5% D KOTO EBROT — X INEA A L fFFROYEHBE RIS SRR HEHELFL T
%
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