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77~V (THz) WUE. 501 2R DO mRORINHER &2 A9 25 & Wb D, & 612, THz #i
V=Y =t eFAEDat—L o hE—LTHDLD, RERHERSTT 0 Y JVRIEN A ~O I Y & —
FEHAIDSHIRF C&E D, 1ERD THz EOFRA LTI, BE A VA L —YF— L BE) 27— % FW - FE R
P 7Y 7 (ASOPS) BIKS AVHN TV DA, HERH & fFREIL b L— RA 7 OB TH -7z, =
UKL, S = L2 W e T 27 v a bopitikZz THz WORAE LBRIBICHWD 2 & T @il -« IR
I - SOFRER THz WOMEN KBS NIz, —F . T a7 /3 b0k TE 2 AOXREARE= 221V 5
7o, 2 BOMN LTeE— RFRB L —W —0 & SEE 22 B EC D T2 D ORISR 2 IV D 728, 43k
VAT DISEHEDN O KRB L0 HHD LAY —IZ KD ATREARIERE L TV T2,

COBREZ RS D720 AFFETITHIE A A E LA 2T Vv a b7 7 A N L—H—% /)
- F{E - BRI TR LZ[1], S BIZ, 77~ (THz) WICX LT, TaT7 /a7y A L
— W — DR RO A Hig L7 [2],

Fig. 1(a){Z7~" 9 &L 912, Micro-optic package Z 38 A L 7= Y-E K v fafn il < 7 — (SESAM) 5% &
oot 7 — (PRM) ZHWWT, /NEDOEBRERIE TO L — =2 EHBL U7, Mg c &
L @M I RIC K0 L RS Ts 2 RO = A0 IR USRI fiop DFE A DT T MRZE
0.02 Hz (CFHFREHE 1 8) &9 @it ER L EE A2 2 BRICz, S Bz, &7 AbKFE (HCN) 4
ADT 2T A LGIEITO, 1ms &V EWAIERE T HCN 7 R 53+ OW IR A2 i T & 7= (Fig. 1(b).

WIZ, BAFELTET 27 Vv a b7 7 A AL —F—0 THz IA~JEE L7z, Fig (R T L9727 /13 h
L— A — LR T TS (PCA) AMAQ DT, INVEASBIRAME TO THz /LA DFRE - BRI
AAEEE LT, Fig. (AW OIX, K 1,111 s MR L7z THz 7SV A% 7 — U =288 L CHUS L7z THz 0
AT MV TH D, THz AT hUIZEB W TERT ORI FIZ K DWIRA R 55,

RRIZ, 7 27 v 3 DO EIC KD E TRERT IR Z AR T 572012, TaTva b7 7 A L —H—
D frp DEAREY B AL B To T2, L—P—HIRGRAZFIRIET D2 EIZEY | fip 23 100 MHz L ETOT =
TAKALDORELZFEEL LT, SBIT, Mo D7 7 R 0.02 Hz CEEIEEHE 1 7P) & @ iEs Rz E
PR B VT (Fig. 1 (e) (D).

IS ORERIT, EILE R K 27 L —F L ——k v 7R T a7 v assyt
LA LTZBIENT 7y N7+ —MZEAWRETH Y . AR T LDEWRT v L EHERE L)
b, FEMREA~DREMZ TREIZT 5,

[1] T. Yumoto, W. Kokuyama, S. Matsubara, T. Yasui, and Y. Nakajima, Opt. Continuum 2, 1867-1874 (2023).
[2] T. Yumoto, Y. Nishimiya, W. Kokuyama, Y. Tokizane, T Yasui, S. Matsubara, and Y Nakajima, ALPS2023, p2-36

0.035
(a) ®) oo A
PP, 5 2Y) F— Foomp ]
Fs 0,020 - e
PRM %LD_ ! Zoois W / 1
< £0.010 N
output + = - AM 5 0,005 |- mw

e e

0009, 5

L
0 4. 15.0

135 140 145
RF frequency (MHz)

(e)

103.08421 T T 103.08370
§103.08420 103083695 530
2.103.08419 103.083682  Z5.
2103.08418 10308367 £51

S103.08417 F e 103.08366C 500}
103.08416 e 3.08365

| |
200 400 600 800 1000
||||| Time (5)

Fig. 1 (a) Experimental setup of an all-polarization maintaining dual-comb fiber laser. (b) Dual-comb spectrum by FFT
of interferogram. (c) Experimental setup of THz pulse generation and detection. (d) THz spectrum by FFT of Integrated
THz pulse for averaging time of 1,111 s. (e),(f) Temporal variation of frep and Aftep.
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FHEMEXSILYEICEITHIREVEKEERGERICEAT S HEMNHER
A+E BN (WHEEREE)

2SR RARKIFED 22 O (2 7 VIE) 2B 2B, A7 U7 41t L72IER 72 A
BN SN D, TR A T U T ¢ ihik A v @& (Chirality-induced Spin Selectivity : CISS)[1]
ERRTI, NGO E LB L LR WA A RE L L THEREEINTWD., I 7V T 4 FEAY
VERHIOER E LT, AV UHLEFHAERANREZ Z LN TWD, 1 RITTOH—F v R /L iR AR
TIFEEATHN O E O D, A HuEME AER B RO A AR & e\ 2 &3 bo T
W5, ZHIUZX LT, ARIEORE 1 KGR TIE, AV URBITERIZR D EIERSG a0

KAWL T, ZONA T VT 4FHERAEBERANIKT LT, ZOREEED 7= DICEENIFE 21T
>7. BARMINCIE, A CE0EFEAAERNFET 5 2 ROt HERA 2 T o8 A (X 1) & 7ERK
L, #ETF v RV TOAE MKIFERMEDHE Z(To72. 7V —VBEEEZ AT, AV KT
WROFHE LT, K T7BDAEUARBNEZ D Z ERnbho72(K2). S LICHFZE T, HERE
TNERWEHERREOKRE Y, DHABEREOAY S THHZ LEr Lz, £, @
DAY BB 138720, ROV A R e RELSTHIEEAC U DBNRREL RIFENRH D Z L
EHLMNI L, AVUVOBOREZELHEAL vy TFRAL VIEMAEEHORE SICHLIRFT 5 2
EDRHLNTRY, EBRTHLNAMEICELTEE L L.

[1] B. Gohler, V. Hamelbeck, T. Markus, M. Kettner, G. Hanne, Z. Vager, R. Naaman,and H. Zacharias, Science,
331, 894 (2011).
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A Study of Tracking Low Energy Protonsusingthe Super Fine-Grained Nuclear Emulsion
for searchingMeV ScaleDark Matter
271e | #3,A98 (O(E"@#. UM

The existence of a mysterious substance iuiinerse, the scalled Dark Matter is suggested by many
astrophysical observations. Detecting Dark Matter (EVne of the most challenging problems in natural science
and modern physics, and many experimental groups are trying different approaches to discover this unknown
gravitational source.

These conventional DM searchésdo discoveWIMPs, the Weakly Ir@racting Massive Particles, whose mass is
usually considered in the GeV¥/&TeV/c? region. However, WIMPs with a lighter mass in the MéVYégion are not
excluded in preexisting DM models. The search for these lighter DMs is only done through eleta@actions since
the velocity of DM is slow, and searching for it with baryons would be very difficult.

This study focused on the MeVArale DM model and how it would be possible to detect it with baryon
interactions. Although most pexisting experimnts assume only one kind of DM, there are no astrophysical
constraints in the possibility of DM existing in more varieties. As the Standard Model has several particles, it is easy
to imagine thamultiple partices arehidden in the dark sector.

This study considers a scenario in which two (or more) DMs annihilate to a secondary DM in the galactic center.
The secondary DM will receive kinetic energy from the mass difference, reaching the Earth. If this process happened
in the GeV/é scale, it would be pasble to detect it with prexisting apparatuses such as neutrino detectors. But, if
this happens in the MeV¥scale, heavy targets such as Xe, Ge, and Na commonly used in DM searches will have
minimal recoil energy below their detection thresholds.

Thisis where the fingrained nuclear emulsion (NIT) used in the NEWSdm experiment can be useful, as 42.8% of
1,79V DWRPLF IUDFWLRQ LV K\GURJHQ SURWRQV ©6LQFH S&Ra¢RQV DU
DMs will be in the tens of keV. $h protons can be detected with the NIT, @mslthe only detector with directional
sensitivity capable of detecting these {emergy protons.

The NIT's ability to detect lovenergy protons was assessed by directly exposing it to protons using an ion
implanter. The results revealed that the NIT can detect protons as low as 10 keV and determine their direction with a
resolution of 120 degreesThe detection capability in a letemperature environment used for physical search was
also confirmed down to 5V with the detection efficiency being 0.13% for 50 keV protdhs background
contamination rate was also assessed, whichsadigh electron background rejection power.

In conclusion, a physical search utilizing an equatorial telescope and applying these DM search methods was done o
a small scale, with a limit put to the DNucleon crossection of 166 cn?.

Entries 11056
Mean 89.98
Std Dev 24.59
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Figure2: Angular distribution from 70 keV protons

Figurel: Protontrackfrom 70 keV proton bearh shows a peak at the incident angle, 90 degtees.
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