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K% & ZEF EFILY bOZIREE)

AR~ DKL HRARST I HIIA N CEE 72 DNA G OFER N ATRE T, #HIT < Mg L BHEOREORREZ M S
IXTCHRRTFELRD, UL s, FHRITLORBEERIE < 0, R THR3 ATEHR O 25 % il i B
N CRERFIBIER T 2 72 012iE, BRI MO &2 BIRBIZ IS T D HAT S K 7e v, RS & B b2
FZEATIE LR C, um YA XOEICEE MeV TR X —DA AU 2 LiAteHii 2% L TR, TT7 A
RIDTEREHINER 2 B 22 ICHEFF T AMBEZ - 7 T — =TT 2 v 7 U — b — LR
EVIOFRTEBRHAL WD, WEk T EWE & OMAEERIZBWT, B FHIIEREITENHE NIE T DA
FACDFRE L 72 2705 AFIEIR, 2 b @< 7228 MeV SHI D A A % Ml 3 2 80k T
bDH, Z O CTITHERE T ORFETE A um LT Lz, WEAEZEOX ¥ © 7 U —Z i
JTHRHT S, ANZXALX =285 & T, HILENRKRERD T T v 7B — 7 (L& %2 B um OREE Tk
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ZEPDO~YA 7 m = ABEHELY | I, B TH D, L LA E TEITHM SR MO
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FERRIE, BT R IR R e v 2 —
DRV~ a R TIT i, KFBEA A D
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L—H—25 kA W T, Ba JB-D6s5d D, — 5d6p 1D, (856.0 nm) A EM K 6s5d 1D, — 5d% D,
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AIRIRREBICEA DRI I LD
K% WMEER (BEFILY FOZYREE)

B2 OMERICRE SN D RAKEDORRICE W CIEMER R EHENRD 5N T\ D, JEFEILR
v 7T —E LT, THEDD ONITE E D AR50 OB INER DO R 281 % & o R o s &
WRFEEZ RS DY THET 5, #72 EOWINFREEIC OV TORREME LGN T2 2 L TH
SIREER 1S DH T2, AIRIEEICE W TIEWA LY M 2O BERENS WK E O L 725, Jta Ak
JERBOEERREENRE L, FILWEREEL LTT7 77 - X —HIRRIC L2 EmE0 K Uk E T E
WA~OREEHBER TR LT LE LTEAMLERTVNS, LML, KXI 2O EKEEICBIT S A7
RVIRDS D IZIIRTIZUGEDO R H 5,

AT TITIE 2 A ORMEEN RS Zm b T2 28T, S50 AT MVOJRELE BT,
FERZM 1R T, T— REREEE 6.88 GHz DYt A TANY MUVRRGEFEBREZIT - 7212, E— FH
BB 45 30 GHz D=1 AT AR Y MVIREF AL 24T o 72, Jea L OV IR UJERER frop 7340 254 MHz D
— REH Er 7 7 A XL —HF—DH 1% Br IRIDET 7 A ~\BiEZs (EDFA) (2 XV JEHEIE L, Free Spectral
Range (FSR) 73#J 1.72 GHz @ Fabry-Perot (FP) I:fR#nzZ MW Tta ADE— F&UI0 3, FP OIfRes
X, FSR @ 4 (GDOREWHD frop D 27 5D FWEL (59 6.88 GHz) b d Lo, oM a Ankd
FRT D X ICREHBE L=, AT FP RN —2TH Y, Ul HEanta AOAREE— RIELL
[3H/NT 10 dB E/NS WA AT MVRHHB L OREEERICTITH0 & B TnD, I HEah/iot= A
Z @ R AR EDFA (PM-EDFA) ICX > T I%& 1 W £ THIIR L., @3RI 7 7 4 N2 HW TR
Wb Z2 1T o7z, 0%, JAMOMKER=A4 7Y F 7 L8R (PPLN-WG) IZAST L7z, #RE LT, ¥
2 VT K DIZE— FHFEEN S 6.88 GHz TRz 7c 5 N HOE 2 A OFAEITRII LTz, £— NH
W81 4% 30 GHz DYt 2 A TRKEDFERZ G DIIX 44 5D/ VAT F NV F— (EYRT —) BUETHD,
E— NHRRE L 6.88 GHz DYt LD AT MVIKHHALORERZ & &1, ®iH )] PM-EDFA % PESEHAf
AR CRI%E SN =T — RREMAMEL 30 GHz Ot = 22 EHE Lz, &) PM-EDFA 2T 3.0 W
F ORI NRT — DR ATV, AT MVAHIBAL T o TR, AT L LR TARY FADBIRNRY |
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PRERFIEEBEAER T A7ILALI 74 NL—F—DORFE L THZE~ADER
BA HBE (EFILVY FOZIAHEE)

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
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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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b ABIERPOHEILEE ST SRIEMAR
EH #M (MHEREE)

RIS A & —#lM: Dzyaloshinskii-Moriya #H AL/EF 23 A7 9 D REPEIA T Tld, BEE S E RN S5,
W T B 5 SRS 2 N2 Z Ik » T, HEAMEREYIIZEE T, A4 T 70 bkt e
BRI EI D AR T HEEN TX 5, RUNTEBAEREEN Y Y Fo E LTIRD | R AR P NVIZEEDT-
B, WALHBITE AT Y U R & RT, CrNbsSe OMUNERRGEE 2 W2 EZBR Tl e 27 U U ZAREHl ST
WA, L7 REE AW FERTIEE AT U U REBHI STV R[], ZOEWER LT S0
(2, WAEE ORI K D2 LA B I = b— 3 R W TT L7z,

AT FIE L LT, iAo~ TR A W T, kD # A F X 7 A% KT Landau-Lifshitz-Gilbert /7
BAZ 4 ROV T 7 ZIETEIERINIRN T, Rl HRigEfE BA/ER & DM AV, R T M5 R
ERHOWTOEAMEZR L, bR AT LRE S WICESG A2 5 2 & CRALBIBR O 21T - 72,
Fz, AIRIBEORE LT, ZEFGREBENLRD LD T ¥ LG EZHII LT,

FRMTAE SR & L CL Wil 2 B8 L7z 2 IROCIEF RS- 7 /LTl MBORRIZIHB N T AR e Ui
TE7R 3 U TR bR 13 S 9™, & 2 BRSSO CHRiBREAIEIREE 12 20 5, IBBGEBRRIZ BV T,
RNUENT AR E IR O D ULNVERKT 2 Z E N TE T, B < OB IC B W CIRIER LS
(2725, ZO7OBbEfR T 27 U U AMEIC /D, 2 RTIEFK T VEBIRICERT 3 RTEET
VTG FRIBRICHEALBIARIC B 27 U O ARRER ALH I, 2L 7 BRBO EBRIC BT AL O BBIX T 7
Dolz, WIT, R AEER - DM M AERZ S OEEErIcT5 2 & T, 1Rl X2 8% E
PICHBLLE R ZIT ) L e AT U U AEEN NS RDEDB Y Y b ORFNTE RN LRG0T,
AV BCE 2 S TR BEE D X O ICEZFHEEITo 720, Bbihfric e 27 U o 2 &R R oz, etk
FEAER O % RO A ERICE 2 5, RPM T AEEREZ N 2% 21T o772, WTiilbe X
TV U AEE AT 5 EEGE O ERAE R A HELL, L7 HEE TR LN D KD RBHAE RIS S
ofz, TOZ NG, FEHECRT 2 AERSCBR IS F AAER 720 Tidr oL 7 3B O BB L
<. EBRBUEHC R HEE K7 EONR AR ANDLERSDH EEX BID,

[1] M. Mito et al, phys. Rev. B 97, 024408 (2018)
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MnH 4 FDIEZEE#RA NdBaMnOs DEIZE Z 2R
FKEKR (MRYHESRE)

e

a7 AHA N Mn BEIEE. BESEEIINT % & BSRBUAEAMT UL R T 5 B KB SIS HT(CMR)
HREZTRT[1], ZO CMRBIEIT, MRt —ER~y R EREROBER T A AL LTSN
FFINTW5D, LrL, CMRZVERIZFIRLL T CTHRET 52 N2 0, ICHEDREE LV, Z 2 TARIE
Tk, FIRFTTCMR ZEROFEENFFFTE D A1 MEFRIA 0 7 A4 M Mn 264 RBaMnyOg (2
% H L72, RBaMnyOg (R = A7 THR) IR T T » WLERRFHERR A (CO/O0ODAH, it a B (FMFH, A Y
R AF(AVARMN Z EFER S 2R L TV D720, |IETO CMR Zh R ORI N 5[2], CMR %)
BIZ. BESEIIMZ XD CO/OOI-FM A Z 5 Z & THRE$ 5, LAL. RBaMnOs ® CO/OOI fHIT % E
T, WG L TERETH D, CO/OOIFHIF L FERUZ L D HELNOFELZZ TR0 W, AR TIX
NdBaMnyOs D Mn %Ak ZfbZE# L, = DEFHICEZ DR E2HH~T-,

FEATHFZE[3]TlZ. Mn YA k% Cr TiE#H: L 7= NdBaMn,..Cr,O¢ (x = 0.10) DEERAF I OV TN, =
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A Study of Tracking Low Energy Protons using the Super Fine-Grained Nuclear Emulsion
for searching MeV Scale Dark Matter
FOT4 HFAE FHFYEFZEER)

The existence of a mysterious substance in the universe, the so-called Dark Matter is suggested by many
astrophysical observations. Detecting Dark Matter (DM) is one 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 searches aim to discover WIMPs, the Weakly Interacting Massive Particles, whose mass is
usually considered in the GeV/c? — TeV/c? region. However, WIMPs with a lighter mass in the MeV/c? region are not
excluded in pre-existing DM models. The search for these lighter DMs is only done through electron interactions since
the velocity of DM is slow, and searching for it with baryons would be very difficult.

This study focused on the MeV/c? scale DM model and how it would be possible to detect it with baryon
interactions. Although most pre-existing experiments 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 that multiple particles are hidden 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/c? scale, it would be possible to detect it with pre-existing apparatuses such as neutrino detectors. But, if
this happens in the MeV/c? scale, heavy targets such as Xe, Ge, and Na commonly used in DM searches will have
minimal recoil energy below their detection thresholds.

This is where the fine-grained nuclear emulsion (NIT) used in the NEWSdm experiment can be useful, as 42.8% of
NIT’s atomic fraction is hydrogen (protons). Since protons are lighter in mass, the recoil energy from MeV/c? scale
DMs will be in the tens of keV. Such protons can be detected with the NIT, and it is the only detector with directional
sensitivity capable of detecting these low-energy protons.

The NIT's ability to detect low-energy 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 10-20 degrees. The detection capability in a low-temperature environment used for physical search was
also confirmed down to 50 keV with the detection efficiency being 0.13% for 50 keV protons. The background
contamination rate was also assessed, which shows a high electron background rejection power.

In conclusion, a physical search utilizing an equatorial telescope and applying these DM search methods was done on
a small scale, with a limit put to the DM-Nucleon cross-section of 10726 cm?.
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Figure 2: Angular distribution from 70 keV protons

Figure 1: Proton track from 70 keV proton beam. shows a peak at the incident angle, 90 degrees.
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