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A search for inelastic dark matter at the Belle II Experiment

Tommy Lam

(ABSTRACT)

The Standard Model (SM) of particle physics is a remarkably successful and highly predictive
theory of fundamental particles and interactions. However, it is an incomplete description
of nature, as it fails to account for several observed phenomena, most notably the existence
of dark matter. Observations ranging from galactic rotation curves to anisotropies in the
Cosmic Microwave Background (CMB) provide compelling evidence for a non-baryonic grav-
itational source that lies entirely beyond the scope of the SM.

One viable extension to the SM is the inelastic dark matter (iDM) model. This model intro-
duces a dark sector containing two dark fermions, ; and », with a mass splitting ( m =

m m ,). These particles couple to the SM through a massive dark photon (A) portal via

2
kinetic mixing with the electroweak U(1)y hypercharge component. In this work, we search
for iDM production in e*e collisions through the process ete ¥ A’ ;sg ¥ 1 5 |sR.
The signature is characterized by a high-energy initial-state radiation (ISR) photon and a
displaced vertex arising from the decay , ¥ 1A' (X 1"l )for12[e; ]

This analysis is performed using data collected by the Belle II detector at the SuperKEKB
asymmetric-energy electron-positron collider in Tsukuba, Japan. We outline reconstruction
and selection strategies optimized to isolate these rare signatures from dominant SM back-
grounds, such as Bhabha scattering, two-photon processes, and continuum (g production.

To maximize signal sensitivity across a broad mass range (0:05GeV/c2 m |,  3:2GeV/c?),

we employ an ensemble of Gradient-Boosted Decision Trees. These models are trained on



specific mass windows and particle identification categories to effectively discriminate sig-
nal from background using features such as vertex displacement, track-cluster isolation, and
missing energy.

The statistical analysis uses a frequentist approach to determine Belle II's sensitivity. We
perform a single-bin counting experiment using sideband data to estimate the background
level within a defined signal window. In the absence of an observed excess, we set median
upper limits on the signal yield at a 95% confidence level (CL) using the ¢ test statistic and

toy-based calculations.
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Tommy Lam

(GENERAL AUDIENCE ABSTRACT)

One of the most profound realizations in modern physics is that everything we have observed
accounts for only a small fraction of the universe. In fact, the “ordinary” matter described by
our best theories only makes up about 15% of the total matter density. The remaining 85%
is a mysterious, invisible substance known as dark matter. While we can see its gravitational
“signatures” across the cosmos, such as how it pulls on stars in galaxies or bends the path
of distant light, dark matter itself remains one of the greatest unsolved puzzles in physics
because it does not emit or reflect any light.

This thesis investigates a theory called inelastic dark matter. In this model, dark matter
comprises a family of particles that can undergo state changes upon interaction. To search for
this, I used data from the Belle II experiment in Japan, which smashes subatomic particles
together at nearly the speed of light. If this theory is correct, these collisions could produce a
“heavy” dark matter particle that travels a short distance before transforming into a “light”
version. This transformation leaves a unique signal, called a displaced vertex, which is
essentially a delayed “flash” of energy that appears to come from nowhere.

Detecting these rare “flashes” is an immense challenge because they are buried among billions
of ordinary events. To find them, I used the Belle II detector, which acts like a massive,
three-storey digital camera that captures the aftermath of every collision event. Because the
data is so vast, I employ machine learning methods to act as a sophisticated filter. This
software is trained to distinguish subtle differences between common background noise and

the specific patterns expected from dark matter. Finally, I use statistical tools to assess



whether any remaining signals are genuine discoveries or merely random fluctuations. By
combining high-energy physics with modern data science, this work provides a new approach
to testing the frontiers of our universe and searching for the invisible constituents that hold

it together.
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b KTHRyH6B;X jd)X h?2 H27KT@®A.i DPTB HB 2K F2 pbir
UBX2X-i?2 P*K@ANKN?2 "B;?2i KHDAb2DTB+B2M+v M/
KBb@A. b 7mM+iBQM Q7 i"X+K KK XMXmK X X X X X3X X X X

kXRe M BK ;2 Q7 1?2 *bAUhHV + vbi HrBi? i?72 T?QiQ/BQ/2 M/ T
BM #Qi? "2HH2 MRRBHH AA(X X X X X X X X X X ¥X X X X

kXRd M BHHmbi® iBQM bmKK "BxBM; i?2 7BiiBM; T°Q+2/m 2 /Q|
b? T2  KQRKERI§?2 H27i THQiBb 7Q  i?2B/2 H+ b2 M/Bb mb2,
p "BQmMb 72 im 2b Q7 i?2 TmHUR@ZBith®M; 7 D ¥R/ PHR i
Bb ivIB+ HTHQiI 7 QK X2XHX X% X X X X X X X X B¥ X X X

kXR3 SHQib b?QrBM; +QKT 'BbQM BM T2 7Q K M+2 #2ir22M "2|
i"QMB+bX G27i, SBH2@mT MQBb2 /2T2M/2M+2 QM TQH ~ M;H
B+b M/ i?2 UM2rV "2HH2 AA T QiQivT2bX _B;?i, hBK2 "2bQH|
Q7 bBM;H2@+ vbi B 2BX2XI X XX X X X X X X X X MK X X X .

kKXRN G27iV iQT pB2r Q7 # "2H _S*- b?QrBM; i?2 BMi2 M H b"
TQ'ib 7Q  : b M/ >0X _B;?iV M BbQK2i'B+ pB2r Q7 M Q+i Mi
i22 # "RBAB;X RYXAX X X X X X X X X X X X X X &KX X X X

tBt



kXky M BHHmbi® iBQM Q7 M _S* bmR2PH k22 QRi?D EGD (
M/ Qi?Q;QM H 2 /Qmi TH M2b-Ki'Q@ KMOMBTB#H #2 "2 /
OmMiX X X X X X X X X X X X X X X X X X X X X X X8&% X X X :

kXkR G27iVh?22M/+ T+QMbBbib Q7 QM2 H v2 Q7 b+BMiBHH iQ"
iBQM Q7 b+BMiBHH iQ  HB:;?i /2i2+iBQM BM i?2 bi'BT rBi? i?2
aQm MN2BEB;X RYXKY)X X X X X X X X X X X X X X X8% X X X

kXkk AHHmbi® iBM; EGJ T2A 7 QHR MR2@A."7 QK Ry-d6 B ; X
BR-BK)X X X X X X X X X X X X X X X X X X X X X&3X X X X

kXkj bBKTHB7B2/ BHHmMbi® iBQM Q7X2HMN2XARX b X XbXel{2X X X

kXk9 AHHmbi® iBQM Q7 i?2 bi2Th BM "2EKKHX KAOIXiX &F BMX XH XQXB

kXk8 EGJ 277B+B2M+v KQMBIiQ BM; 7 QK HBp2 XiX@X¥ BM; QM R

kXke a?Qr+ bBM; +Hmbi2" b? T2 M Hvb2b mbBM; K% QM bBKmH
mbBM; T "iBed2! ;msvefte | B°B°- Mé'e ! * X _i?2°
i? Mb?QrBM; HHi?2 "2H2p Mip B M+2b-i FBM;i?2B " iBQ ?
vbBb iQQHOb /Bb+ BKBM iBp2X+XTX#RHB M XbX¢t Xiix XX X X X

jXR :Bp2M [ i b2i UBHHmbi  i2/ #v bi "bV M/ KQ/2H6b T 2/B
2T 2b2Mi2/ #v i?2 +2Mi° H #QtV- QM2 + M +H bbB7v i?2 T2 7(
KQ/2H #v /2i2 KBMBM; ?2Qr K Mvi m2f7 Hb2 bB;M Hbr2 2 + m;"
MmK#2 Q7 i m2f7 Hb2 # +F; " QmM/ 2p2 M4 bXr XBX ?Xr XdB HX #X H 2/

tt



jXk IbBM;i?2bB;M H+QM7B;m  iBQMH #2HRX®R2 BPRYS QmiHBM:
i72 MMK#2> Q7 *.* ?Bib Q7 i?2 M2; iBp2Hv +? “:2/ i  +F UrBi?
K bb ?2vTQi?2bBbV 7Q 2 +? KQMRHDZ H2BPIM2H mb2b #Qt@
r?BbF2 b rBi? #QtLEABMK20Qi?2 BMi2 @[m iBH2  M;2-r?22 2 |
"B;?i b?Qrb i?2b K2/ i mbBM;X pXBRKBX¥ X HKQXXX X X3X X X X

iXj a?Qr+ bBM; i?2 TQBNUBMQHEI);¥W2BbHNB#miBQM Q7 # +F; QmM
M/ HB:?i bB:M H bBKI K DBEMXX X X X X X X X X BN X X X |

X9 "BMMBM; bB:M il KQ2BDQHVKBbbBM: KQK2MimKéb TQH ~ M
h?2 HQr2  #QmM/ "B2b Q7 i?2 *.* M/ 1*Q- ; HTQAR i rBAM i ? 2
i?27Q°r / M/ # "2H1*G- "2 HbQBM/B+ i2/X q?BH2i?2 H27i
"2 Q7 i?2 b K2 /Bbi'B#miBQM-i?2 H27i Bb 2T 2b2Mi iBQM r
r?BH2 i?2 "B;?i Bb XBXBKBM X EKQXXX X X X X X X X MyX X X X

iX8 AMJ*# +F;"QmM/ bBKmH iBQM-i?2 p2FRBHBH bBQriBm2 °
i?XK° K bbX IbBM; : mbbB M THmb HBM2 " 7Bi- i?2 rB/i? Bb K
2J20XX X X X X X X X X X X X X X X X X X X X NK X X X

jXe IbBM;i?2bB;M H+QM7B;m  iBQMH #2HRK®2 BPRYS QmiHBM:
i72 MmMK#2° Q7 *.* ?2Bib Q7 i?2 M2; iBp2Hv +? *;2/ i  +F UrBi?
K bb 2vTQi?2bBbV 7Q" 2 +? KIQMRHMBDZ H2BPIMI2H mb2b #Qt@
r?BbF2 b rBi? #QtI52iBK2bQi?2 BMi2 @[m iBH2  M;2-r?22°2
"B;?i b?Qrb i?2 b K2 /i BM pBRHEMITHBVXQN®b HbQ
QMiIHBM2/-r?2°2i?2; v # MOBM/BIXi2b X X X X X KNjX X X X

iXd AMJ*# +F;"QmM/ bBKmH iBQM- 22 p2Fik B bdQmrBMW2 °
X2OKX X X X X XXX XXX XXXXXXXXXXXNg X X X

ttB



iX3 AHHmMbi® iBQM Q7 i?2 /Bb+RBBNB M 2BEM MbpB BRI TH M2 7Q" i?2
irQ i° +Fbi? i 7Q K PRN2XXX X X X X X X X X X X N X X X

i XN AHHmMbi> iBQM Q7 i?2 /Bb+REKB N tIBM;i D/ B #H2QmM/ b K@
TH2EXX X X X X X X X X X X X X X X X X X X X X XN X X X

iXRy AHHmMbi> iBQM Q7 i?2 /BbR BEBMBKEWH p2/B0BHR H ;" QmT2/ #
m, M/ pBbm HBx2/ #v #Qt@r?BbF2  THQibX h?2 H27i b?Qrb i?
i?2 "B:?i b?Qrb M 2tT M/2Rp=E2rQW22ii2" pBbm HBx2 i?2 HB;?i2

B.IJKQ/ZHHX X X X X X X X X X X X X X X X X X XNB X X X X

jXRR 6Q  HB;?i M/ K2/BmK B.J KQ/2Hb- RT¥BKB/XBM:i?2mi QM
SMMxB 7B:m 2@XQX @K XXX X X X X X X X X X X MeX X X X

jXRk IbBM;i?2bB;M H+QM7B;m" iBQMH #2HRXR2 B/RyS QmiHBM
i72° M;2 Q7 KPRDMR +? KQ/2H rBi?, ; BA2NH27i T M2H mb2b
#Qt@r?BbF2 b rBi? #IBtiBREDIP?PQBMi2 @[m "iBH2 M;2-r?22°
i?2 "B;?i b?Qrbi?2b K2/ i mbBMX XpBRQHBMN TXHRIX KX X X X

jXRj IbBM; i?2bB;M H+QM7B;m" iBQMH #2HRXR2 B?RYy5 QmiHBM
i72° M;2 Q7 i Mbp2 Ip2 KQK2MP KQ/2H rBi?, X Byp2M
H27i T M2H mb2b #Qt@r?BbF2 WBEBBK2HQP 2 BM;iZ? @Tm " iBH?2
M;2-1r?2°2 bi?2 "B;?i b?Qrbi?2b K2/ i mbBMX XpEQPHBM Tk

jXR9 IbBM;i?2bB;M H+QM7B;m" iBQM H #2HRXR2 bBR/@y5 QmiHBM
i?72° M:2 Q7 KQRDM2 +? KQ/2H rBi?HQBHPAM2 H27i T M2H
mb2b #Qt@r?BbF2 b rBi? 15QBK2M;?2 B¥i2 @[m iBH2 ° M;?2
r?72°2 bi?22 "B;?2i b?Qrbi?2b K2/ i mbBEMX XpEQHENBHR X

ttBB



jXR8 IbBM; i?2bB;M H+QM7B;m iBQMH #2HR2{K2 bB?/@ry 6 QmiHBM
i?72° M;2 Q7 p2 i2t h\BIQMR2H6? KQ/2H rBi? HQR pR®2
H27i T M2H mb2b #Qt@r?BbF2 H:BBBK2HQPHBMi2? @fm "iBH2
M;2-r?2 2 bi?2 B;?21b?Qrb i?2b K2/ i mbpBMX XpBERHBM TH

jXRe :Bp2M HB;?i- K2/BmK- M/ ?2 pvB.JKQ/2H-r2 b?Qri?2 KB
A. Q7 #Qi? i° +Fb pbX i?2 KBMBKMK 2H2+iXQX A . XQRWOX? i +F

jXRd :Bp2M HB;?i- K2/BmK- M/ ?2 pv B.J KQ/2H-A2 b?Qr i?2 K
Q7 #Qi? i +Fb pbX i?7€AK QBKHOK? i~ XPOX X X X X XRYXyX X X X

jXR3 6°QK J* bBKmMH iBQMJBHHMb?QiBIMtF@bQ@# +F i?2 /BbTH +
P2 i2t M/ T?QiQM "2 #2ir22M 22 pv bB;M H KQ@/XHXRY\R/ # +F;"

jXRN hQi H 2ti°® 2p2Mi 2M2 ;v BM M 2p2Mi 7Q  bB;M HRMj # +F; C

iXky 6Q° HH i?2 # +F: QmM364fp H202i@Bi i?Bb /Bbi ' B#miBQM rBi?
irQ + vbi H# HHb M/ M 2tTQM2MiB Hi BHX h?2 # +F;"QmM/ .
2p2Mib i? i T bb2/i?2 + Bi2 B [EEXKKbX/BM &2 XXRXEX X X X

JXKR 6@a+Q 2 Q7 i?2 2Mb2K#H2 Q7 ".hb mb2/ 7Q # +F; QmM/ bn
bmHib b?QrM "2 i?2 p2 ;2 Qp2 7Bp2i B Hb7Q 2 +? + i2;Q "
BM/B+ iBM; i?2 bi M/ "K/XpB XBRMXX X X X X X X XRYXNX X X X

jXkk SMMxB 6B;m 2@Q7@K2 Bi /Bbi B#miBQMb 7Q" i?2 ".h QmiT
2 +?2 K bb rBM/Qr +QMi BMb b2p2° HB.J KQ/2Hb-r2 T 2b2Mi i-
Q7i?2 M6i? [m iBH2iQ bb2bb ?2Qr +mirBHH 772RiRiY2 K DQ

jXkj Pp2 i?2@MiB®Rb > M;2- "2i2MiBQM #v i?2".h 2Mb2K#H2b Ui |
+2°i BM " M:;2bV Q7 bB;M H 2p2Mib XQb D@ X2% QMY i XRIR RB QX MXX X

ttBBB



i Xk9 IbBM; i?2bB;M H+QM7B;m i BQMH #2HRXRKB2 B7Qy06 QmiHBM
i?72° M;2 Q7 p2 il K bb7Q 2 +? KQ/2H Q7, X;BP2MH 271
mb2b #Qt@r?BbF2 b rBi? 15QBHK2Mi?2 @Mi2 @[m "iBH2 ~ M;2
r?2°2 bi?2 "B;?2ib?Qrbi?2b K2/ i mbEMX XpRQHRRKRRIRIX

jXk8 1t KTH2b Q7 "2+QMbi m+i2/,bER M B KOI/RAKIK X RRKRKX X
jXke aB:M H gBM/Qr AMi2 TQH iBQM i +Q@M7B/XM&XRRK2K ®7 N
jXkd AHHmbi> iBM; i?2 BKT +i Q7 i?2 T 2@Db2H2+iBQMRRDI?2 # +

jXk3 6Q  i?2 # b2HBM2 KQ/2H- r2 b?Qr i?2 bB;M H 277B+B2M+B2
Q7i?2 M HvbBbX G27iBb TQbi@ 2+QMbi m+iBQM rBi? T 2b2}
"2+QMbi'm+i2/ 2p2Mib- M/ ?Qr K Mv bB;M H 2p2Mib 2 “2i BN\
M/ Qi?2 bB;M H +mibX _B;?i Bbi?2 7TmHHX 2¢ @MbRBIKBQM 2

jXKN AKT +i Q7 i?2 ".h b2H2+iBQM BM i?2 iQT "Qr M/ i?2 ".h b:
R w¢e D2H2+iBOQM QM i?2 HONOQKX QX X X X X X REK8X X X >

iXjy Pp2  i?2 2MiB 2 bB;M H J*- i?2 i B;;2  277B+BIAM+B2b rBi?
h"B;;2° "2 BHHmbi i2/ bm  /mMd+iPROMBKRZK iB+b Q7 i?2 Aa_
T?2QiQM M/ i’ +Fb "2 bi QM; v, MXTIXMI2MKQMX X XRR&K X X X

iXjR Pp2  i?2 2MiB 2 bB:M H J*- i?2 i'B:;2" 277B+B3M+B2b rBi?
h B:;;2° "2 BHHmMbi  i2/ b HQNMQIBEYMHBZ?i i?2 BKTQ i M+2 Q"
22, HB72iEKKZXX X X X X X X X X X X X X X X X X KR8 X X X

jXjk a?Qr+ bBM:; 7Q 2 +?".h + i2:Q°v?Qri?2 "2bTQMb2 Bb QM
Q7 bB:M H M/ # +F;"QmM/ 2p2MibX h?2 t@ tBb b?Qrb 2 +? ".h
i226i? 2p2Mi KBMmb i?2 p2° R/IX20KQME2X X X X RRNX X X

ttBp



iXjj 6Q  p BQmb bB;M H rBM/Qrb 7Q° +Q 2bmQMiBM; KQ/2H r|
BMi2;p(x) rBi?BMb B/ bB;M HrBM/Qr- M/ b?Qri?2 RMymHiI 7°Q

iXj9 6Q i?2p 'BQmMb # +F:"QmM/ +QKTQM2Mib-r2b?2Qri?2 H2M;i
QM 6BXXjpbao- M/ i?2B  BMi2 T XHXiXQMEXX X X X RKK X X X .

iXj8 6Q° bm#b2i Q7 KQ/2Hb-r2 b?Qr Qm  bB;M H 2ti° +iBQM b+?
7Q°KS.6 b+?2K2 M/ bB;M Hb? T2b+?22K2 QM iQv/ i b2i/2pC
h?2 H27i b?Qrb i?2iQv/ i b2irBi? ;Bp2M bB;M H rBM/Qr- rBi?
'Bii2M QM i?2bB/2X h?2 B;?ib?2Qrbi?2mTT2 HBKBib 7 QK i?
M/ +QKT "2INBEiQ mu X X X X X X X X X X X X X X Kk X X X

iXje 6°QK i?2 iQv b?QiMjBM ®B;X i? °Qm:? Qm > KQ/2Hb M/ b?Qr i-
+Q "2bTQM/BM; 2t+HmMbBQM THQi 7Q  i?2 mMB7Q K U#Hm2V
QMIHBMIVEA X X X X X X X X X X X X X X X X X X Rk8 X X X .

jXjd 6Q" i?2 p2 ;2 mTT2 HBKBi /2i2 ' KBM2/ #v Qm  irQ b+?2K2b
SQmMM/ 2tT2+i iBQM- r2 QmiHBmMXK? X @b XQX 2Xp KXX KX X X X
iXj3 6Q 2 +?2iQv/ i b2i-r2 +QKT 2i?2mTT2 HBKBib2i#vQm  ml
M/ THQi Bi b 7mM+iBQM Q7 i?2 MmK#2 Q7 2p2Mib BM i?2 b

+H "Biv-r2 bTHBi i?2 /IBbi B#miB@&Mb XTX X#X K bb XRXNK X X X

iXjN 6Q° HH QM ' # +F:"QmM/ b+2M B RUHQNHEIE 2H & N 2 H B RI/2
M/ 2tTQM2MiB H PMDE i22/ Qp2  kyy i'B Hb-r2 b?Qri?2B" “2b
iBp2 2t+HmMbBQM XQMMM DX X X X X X X X X X XRfyX X X X

jX9y GBM2 "Bivi2birBi? i?2 2tTQM2MiB H 2M7 MRX#RR;," QmM/

9XR . i fJ* +QKT 'BbQM Q7 i?2 KBMBKmK +Hmbi2  iQ i  +F /Bb]
Qm > +QMi’QH XKTKH2DX X X X X X X X X X X X X Rj® X X X >

ttp



9 Xk i fJ*+QKT 'BbQM Q7 i?2w2 MBF2Jo QmiTmi mbBM; HH Q
TH2EXX X X X X X X X X X X X X X X X X X X X X Rj8 X X X

\
/

9 X]j i fJ*+QKT 'BbQM Q7 i?2 +Hmbi2 2M2 ;v@KQK2MimK ~ iB

2p Mi +QMi QH X KTK20X X X X X X X X X X X X XRfeX X X X
9X9 i fJ* +QKT "BbQM Q7 Qm # +FQiQ@# EF +tRAMi QH b KTH
M Q7 i?2 /BbTH +2X pAH2(XX X X X X X X X X X X XRXdX X X X
9X8 i fJ* +QKT 'BbQKI° ®@7KQM#H2 Q7 /BbTH +2/ p2 i2t K bb mbB
IB772 2Mi i~ +F 2V Qi X2EH2%X X X X X X X X X X X XRX3X X X X

9Xe i fJ* +QKT 'BoRQM-QMbBM: HH Qm > +QM{ R EKDbRKS H2bX
9Xd i fJ* +QKT "BbQM Q7 i?2 QT2M B Me, MuHR UTEPRM +Q b

Qm +QMIi  QHIKXKKITHM2DX X X X X X X X X X X X X RN X X X )

9X3 i fJ*+QKT "BbQM Q7 Qm  +QMi"QH b KTH2b BHHmbi > iBM

22 2 FRED, By, XX X X X X X X X X X X X X X X XROYX X X X

9 XN i fJ* +QKT "BbQW Q7bB®H Qm  +QMi QB X KT KREK X
9XRY i fJ*+QKT "BbQM Q7 i?22 MmMK#2 Q7 *.*?2Bib7Q  i?2M2; i

i +F mbBM; Qm > +QMX XHXb XX RKHR XXX X X X X X X ROR X X X
9XRR

i fJ* +QKT "BbQM Q7 i?2 MmK#2 Q7 *.* 2Bib7Q i?2 TQbl

i +F mMbBM; Qm > +QMK XHXb XK KHRBXXX X X X X X X K9X X X X

9XRk " +tF@iQ@# +F +QMi'QH b KTH2 / i
+QMi'QH b KTH2b- rBi?

+? 2/ i

7Q i?2 TQbBiBp2HvV +?
+mi QM i?2 MmK#2 Q7 *.* ?Bib QM
XFX X XXX XXXXXXXXXXXXXXRIKX X X X

ttpB



9XRj 6HQ iBM; QMHvV i?2 vB2H/b- r2 7Bi Qm  +QMi QH b KTH2b |
S.6b /27BM2/ BXKEXZHXX X X X X X X X X X X X X XROjX X X X

9XR9 . i fJ* +QKT "BRHOMBBM: HH Qm  +QMX B HK bX KIRH XX

9XR8 . i fJ*+QKT 'BbQM Q7 2+QBH U7 QKi?2m%, V?QiQMV b[m
/Bbi"B#miBQM mbBM; HH QX X QXMX ® HKXbXKX B2KEXXROX X X X

9XRe . i fJ*+QKT "BbQM Q7 iQi H2ti® 2M2 ;vBM M 2p2Mi mbBM
b KTHXbX X X X X X X X X X X X X X X X X X X X R98 X X X .

9XRd . i fJ* +QKT 'BbQM Q7 KBbbBM; 2M2 ;v BM M 2p2Mi mbB
b KTHXbX X X X X X X X X X X X X X X X X X X X R98 X X X .

9XR3 AHHMbI® iBM; i?2 2t+Rhini@F 2p2@ QMBI+ QMp2 i2/ T?2QiQM
M/ TQBMiBM; M:HXZ X KKTHM2XX X X X X X X X X X R®e X X X |

9XRN . i fJ* +QKT "EROBMQM 2p2Mi mbBM; HH Qm XRMi QH b |
9Xky . i fJ* +QKT "BQMBO M 2p2Mi mbBM; HH Qm > RQMi QH b
9XkR TTHVBM; i?2 K2/BmK M/ ?R pmi"QhMK7B K TH XXX K9d
9Xkk TTHVBM; i?2 HB;?i M/ K2RBamKi "QM M2+ QK TH2XR 93

9Xkj TTHvBM; HH i?2R"Hrbi QM i?72 +QMp2 i2/ T?Q@iRQMNRRARBRTH?2X

XR 1t KTH2 /B ;" BCRAZEHMDX2X X X X X X X X X X X XRN8X X X X
Xk G vQmiQ7 H K7 K2rQ Fm¥2¢ X "™BKHR XAX X X RMeX X X
Xj JBMT M2H 1A U#QiiQKV M/ *.* ;1A +QKTX) M 2M M R NIXV X

X9 EGJ .2i2+iQ a 7XiX:PAX X X X X X X X X X X X XRNX X X X

ttpBB



"XR h?2277B+B2M+v Q7 i?2 mTT2 # +Fr "/ Q+i MiQ7 i?2# “2H |
Q7 "MM MMKAR X X X X X X X X X X X X X X X XRYK X X X

"Xk 6HQr /B :> KQ7i?2.ZJ?BbiQ; K M HVIXBX K X Xrky KK XX X

"Xj .B ;> K Q7 ?2Qr 2ti° TQH i2/ ?Bib 77QK KmMQM@HBF2 i> +Fb
mb2/ 7Q  EGJ 277B+B2M¥BRIXXX X X X X X X X X Xk¥X3X X X X

"X9 M2t KTH2 Q7 EGJ86b 277B+B2M+v " iBQ THQi [MB+FHv ?B:;?
BM277B+B2Mi H v2 - i F2MXQM KyKeX@ Xj@j¥XX X X XPNX X X X

"X8 6Q° MQKBM H T?vbB+b "'mM-i?2 S* iBKBM: /Bbi'B#miBQM
iBKBM; Q7 i?2 'Bp HiBK27 QK i?2/i +QM+2Mi’ iQ 2H2+i C
iQ iI?72GRITB(; X X X X X XXX XXXXXXX X XRKRX X X X

*XR h?2 "+?Bi2+im 2 Q7 i?2 + BiB+ UQM i?2 H27iV M/ ;2M2" iQ"
BMi?Bb MOQXFX X X X X X X X X X X X X X X X X X KRX X X X

*Xk h?2 H27i BK ;2 Bb i?2 °~ NBKO Z QBM2b "2 +?Qb2M 7 QK k.
mbbB M +2Mi2 21 KBh?2 "B;?i BK ;2 Bbi?2 /B;BiBx2/ p2 'bBQM
H27i BK ;2-r?2°'2B7 TOBM#BMIHB BBb +QMbBX2X2Kky?BiX

*Xj M Qp2'H v Q7 Ryyy BK ;2b bi +F2/X Q X % XTXBX XKKRX X X X
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*2X R9O)X "2+ mb2r2 FMQr M2mi BMQb ? p2 K bb-i?2"2 "2 C
i?7 1 21 vBM;iQ/2i2°’KBM2i?2/B772 2M+2b #2ir22MT B b Q
KQ'2 K#BiBQmbHvV-i?2p Hm2b Q7 2 +RERR2/VRIB D BMMHK-b
mM/2 bi M/IBM; i?2 K2+? MBbK i? i ;Bp2b M2mi BMQb K bb B
b2ibi?2B K bb2b iQ x2 Q #v 7B i- #mi i?2 >B;;b K2+? MBbK i
K bb2b Q7 i?2 Qi?2° 72°'KBQMb Bb +QMbB/2 2/ BKTH mbB#}
M2mi BMQbX

Bbi?2'2bQ Km+? KQ 2K ii2 i? M MiBK ii2 -r?2Mi?72 aJ T 2

MiBK ii2" b?QmH/ #2 + 2 i2/ BM U HKBRNiV 2[m HT “ib\ (

6°QK i?2 alJ- i?2 K2+? MBbK #v r?B+?2 K ii2° + M #2? p2 /[B772
K ii2” UBX2X-*S pBQH iBQMV Bb i?2 * ##B#Q@EQ# v b?B@J
[m "Fb-Q i?2SQMi2+Q ' pQ J FBLF ;r aFi USJLaVK i Bt
q?BH2 2tT2 BK2Mib HBF2 .IL1 "2 BK2/ i K2 bm BM; +QKTQN
K i'Bt- i?2 C "HbFQ; BMp 'B Mi Q7ji?2XEBK) BBEiQQ bK HH i
++QmMi 7Q° HH i?2 K ii2° b22M BM i?2 Q#b2 p2/ mMBp2 b2
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i?Bb Bb i?72 6H pB3 *IM X0 Xj)- r?B+2 /Q2b 272 2M+2i?2 bi 2}
Qb+BHH iBQM 7 QK i?2 *EJ pKX SJLa K i Bt

C q?vBbi?2°2MQ *S pBQH iBQM BM i?2 bi ' QM: b2ky®R\ Uai"QM; *

AMi?2alJ G ;> M;B M-i?2°2 "2MQi2 Kbi? i 7Q #B/*S pBQH
b2+iQ X >Qr2p2 -i?Bb? b MQi v2i #22M Q#b2 p2/ BM 2tT2'B
PBQH iBQM BM i?2 bi'QM: b2+iQ - bQK2 i?2Q Bbib T'QTQb2
"HQ# H MQK HQmb bvKK2i v- r?B+? Bb bTQMi M2QmbHv # C
'Bp2b "Bb2iQ Tb2m/Q@:QH/biQM2 #QWPAMY)MH2/i?2 tBQN

h?2 KQbi BKTQ i Mi QT2M [m2biBQM BM i?Bb i?2bBb BbiQ mM/2 bi
Q7 / FK ii2 -r?B+? HB2 2MiB 2Hv #2vQM/ i?2 b+QT2 Q7 i?2 alJX

RXk 1pB/2M+2 7Q . F J ii2°

q?BH2 i?2 ai M/ */JQ/2H UalV ? b #22M BM+ 2/B#Hv bm++2bb7mH -
Q7 i?2 biQ vX bB/2 7°QK b2p2° H QRXEXKXKMDr Ub22aF BY MQi HI
2M+QKT bbBM;X AMT “iB+mH "-r2 Q#b2 p27 QK bi'QMQKB+ H M/
T 2b2M+2 Q7 ;' pBi iBQM HbQm +2i? i 772+ib b2p2° Hb+ H2b U:
M/ TT2 'biQ 2KBi MQ 2H2+i QK ;M2iB+ bB;M im 2c i?Bb mMb22M b
b/ FK ii2>U.JVXh?2b2 Q#b2 p iBQMb-r?B+?2bi M/ b Qm bi'QM:;2
i72 7TQHHQrBM:, : H +iB+ Qi iBQM +m p2b- ;" pBi iBQM H H2MbBM
BMi?2 +QbKB+ KB+ Qr p2 # +F;"QmM/ U*J"V- M/ XBK)M; Mm+H2Qb

ih?2 7H pQ > TmxxH2 HbQ 272 2M+2bi?2 K bb " iBQb Q7 i?2[m “Fb- #mii? i Bb
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RXkXR : Htv Qi iBQM *m p2b

h?2 7B bi K DQ™ Q#b2 p iBQM i? i H2/ T?vbB+Bbib iQ bmbT2+i i?2
Q#b2 p iIBQM Q7 ; Htv Qi iBQM +m p2bX

q?2M /2i2 ' KBMBM; i?2 p2HQ+BiB2b Q7 bi 'bi? " Qm;?2Qmii?2; H tv-r:
irQ+ H+rmH iBQMb iQ Q#i BM "Qm;? 2biBK i2 Q7 i?2 p2HQ+Biv /Bbi
/IBbi M€27 bi ~7 QK i?2: H +iB+ +2Mi2 X L2 i?2 +2Mi2 Q7 i?2:: H
M/ TB+im 2b Q7 ivTB+ HbTB" H; H tB2b bm;;2bii? ii?2 K bb /Bbi’l
rBi? /I2MiBidMg/4 R2 r?2'®s Bb i?2 ; H tvob pBbBRHBIKi DD ; NH/ tvob

QTiB+ H  /BmbX 6Q° 7 “i? iBbbm77B+B2MiHv 7 7 QK i?2 +2Mi2
Q7 i?2 pBbB#E2 K2 W22/ QMHV i?Bb K bb r?2M +QKTmiBM; i?2 bi 0
bbmKTiBQMb #Qp2 BM i?2b2 irQ '2;BK2b T°QpB/2i?2 7TQHHQIBM; |

8% 4G
35 Ldvo 12 122M Rg:

v2(f)=gcr;M0 3 URXRYV
: rG 22M Rg

b2 "Hv bRNdy-K2 bm 2K2Mib Q7 ; KIkd @QMIiQ MB+miDRb 2tT2+i iB
QmiHBM2/ BMRIAMHmMbi  i2 REM?22BTX2/B+iBQM U/ b?22f HERM2V 7Q" i
"2;BK2 Bb HBWM2mirBM/2 2biBK i2bi?2 p2HQ+Biva i?RT 2/BKPBQM B
bm;;2bib i?2 K bb /Bbi'B#miBQM Bb BM+QMbBbi2Mi rBi? QTiB+ H Q
2t KTH2b Q7 : H tB2b r?Qb2 p2HQ+BivRXRERD- KQ22rBI?MLNSW Q7

. H tB2b6 "Qi iBQM +m p2b ? p2 i 2M/RX@RDD B bivZMBi+r Bli 2 tlB4 XM iBQ
7Q°i?2 Q#b2°p2/: H +iB+ Qi iBQM@+m p2 /Bbi'B#miBQMb r2 b22 B
2ti2M/b Km+? 7 iR UBRMMEB ;X RXMRg ¥ XvQM/
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T?2MQK2MQM M/ M 2t KTH2 Q7 M Q#b2 p iBQMKBYXQKA222> @2 #H?2
ivI2b Q7 i?Bb 2772+ "2 6KB+ Q@H2MbBM:-6 6bi KONIRK2MbBM;-6

JB+ ' Q@H2MbBM; Q++m b r?2Mi?2 ;" pBi iBQM H7B2H/ Q7 M BMi2"
Q' TH M2iV #2M/b i?2 HB;?i 7°QK /Bbi Mibi '- M HQ;Qmb iQ ?Qr
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Qi?2]jp)¢{Bi Bb Q7 MQ mb2 BM K2 bm'BM; ; H +iB+@b+ H2 .J bi'm+im

ai'QM; ;" pBi iBQM H H2MbBM; ? TT2Mb r?2M M BMi2 K2/B i2 K bb
HB:?i 7°7QK KQ 2 /Bbi Mi HB:?2i bQm +2- T°Q/m+BM: KmH)BTH2 BK
1BMbi2BM|8) Q)X h?Bb Q#b2 p iBQM i2+?MB[m2 Bb TQr2 7mH iC
iQ TH +2 +QMbi> BMib QM +QbKQQ ; B+ /HB+BQMiHVi H(+iB+@b+ H2
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g2 F; pBi iBQM HH2MbBM; ? TT2Mb r?2M K bbBp2 Q#D2+i #2M/b
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/Bbi'B#miBQM # b2/ QM i?2 H2p2H Q7 /BbiQ iBQMX

q2 FH2MbBM;- r?2M +QK#BM2/ rBi? s@ v Q#b2 p iBQMb- T 'QpB/2b
2tBbi2M+2 Q7 .JX AMi?2 +QMi2ti Q7 K2 ;BM; +Hmbi2 b-i?2b2 T QpB
6Q° 2t KTH2- K2 ;BM; +Hmbi2  Rlye8d@ SF8¥9IBsh@ 2 VB #2Q BBM6 F;XQ |
BQMBx2/; b BM i?2 +Hmbi2 b6 BMi® +Hmbi2  K2/BmK- b?Qr ?Qi TH
#Qi? +Hmbi2 b b i?2v BMi2  +i rBi? QM2 MQi?2 BM i?2 +2Mi~ H 2
Qi?2 2 M/-r2 FH2MbBM; /i BKTHvi? i KQbiQ7i?2K ii2° +QMi2Mi
Bb ii?27 "H27iQ  "B;?i Q7 i?2 BK ;2X

g?2M Q#b2 p iBQMb 2 +QmTH2/- i?2v BKTHv 2Bi?2 i?2 2tBbi2M+:
K ;M2iB+ /B iBQMV #mi K bbBp2 +QKTQM2Mi UBX2X- .JV BM Qm"
bB;MB7B+ MiHv KQ/B7v Qm mM/2 bi M/BM; Q7 ; pBivX
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RXkXj .2MbBiv 6Hm+im iBQMb M/ ai'm+im 2 6Q K iBQN

h?2 M2ti b2i Q7 Q#b2 p iBQM H bB:M im 2b Q7 .J Bb 7°QK +QbKQHC
Q#b2 p iIBQM H 2pB/2M+2- A # B27Hv bmKK "Bx2 i?2 "2H2p Mii?2Q"

JBMmi2b 7i2 i?2"B;" M;-i?2 mMBp2' b2 ? /2tT M/2/2MQm;?2 i? ii?
[2°2 +iBp2 M/ T QiQMb M/ 2H2+i'QMb +Q@2tBbi2/ rBi? T?QiQMb B

hQ /2b+ B#2i?2 "QH2K ii2° M/2M2 :vTH vBMi?Bb T2 BQ/-i?26 B2
"2 MbAR{ M K2Hv

2
& _ 46 L3pie URXKV
a 3

r?2°@Bb i?2 +QbKB+ b+ H2 T > K2i2 U Qm;?H\R()?MQBK HBXAP &vn M|
i?2 +m> " 2Mi bBxRoM®/BbWQ?2 ++2H2  iBOM  i2@B0?2MMBpEA bRQM H
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+QMbi Bb-i?2 K ii2° /2MbBivQ7i?2 T?QiQRBb MQMIBo-/+EMR/-T M/b b m

6Q i?22M2 ;v@K ii2 /2MbBiv-r2 MQi2i? ii?2 p2 ;2 /2MbBiv + M ;
= aa URXjV

22 m®=0 +Q "2bTQM/biQi?2 +QbKQHG;BQ H2bTRQM/MiQ K ii2  /2MbB
Mh=4 +Q "2bTQM/b iQ " /B iBQMX

HQM:; rBi? i?2 bbmKTiBQM i? ii?2 T?QiQ@# 'VQMB+ 7HmB/ Bb U\

Il =P/c?=n/3 1-i?22Mr2 + M "2r BK21[X

2 X
a
- = H§ 1
a

n

% an URX9V
r?2°H, Bb i?2 >m##H2 +QMbBIMi MY K HBx2/ K ii2° /2MbBiw UBM mM
3H28 G VX

#Omi jd3-yyy v2 b 7i2 i?2 "B; " M;-i?2 mMBp2 b2 ? / +QQH2/ 2M
2H2+i"QMb iQ 7BM HHv +QK#BM2 iQ 7Q K ?v/'Q;2MX b “2bmHi Q
T?QiQMb "2 MQ HQM:;2' +QmTH2/ rBi? K ii2'- HHQrBM; i?2K iQ T'C
i?72 mMBp2 b2 i° MbT "2MiX h?2 HB;?i 2KBii2/ ii?2 2M/ Q7 i?Bb "2
"2/b?B7i2/ 7i2° RjXd #BHHBQM v2 b iQ 7Q°K r? i r2 b22 iQ/ v b
"+F;QmM/ U*J"V X

"27Q°2 "2+QK#BM iBQM- bBM+2 i?2 2tBbiBM; 2H2+i ' QMb- T QiQMb-
T?QiQM@# "VQMB+ 7HmMB/-i?2 /2MbBiv rQmH/ #2 KQbiHv 7H i + Qb
H2p2H Q7 MBbQi"QTv BM i?Bb 7HmMB/- r2 /27BM=2 {(22/HQ1XH /2MbB
6°QK 1RXM/ i?2 "2H2p Mi 2[m iBQM Q7 i3 (tp- MTRi2Z a(t) BM

K ii2 @/QKBM i2/ nMBY XKX9() X
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6B;m 2 RX8, AHHmbi® iBQM Q7 bi'm+im 2 7Q K iBQM rBi?Qmi UH27
Q7 / "FK ii2 - M/ Bib "QH2kBN B2X R (

IbBM; i?Bb M/ 7Hm+im iBQMBBRKNX® 220 BUIbA2 r2 + M 2biBK i2i?2 b+
iQ'b M/i?2B° 7Hm+im iBQMbX 6 °QK MBbQIiTQTB®E BM Qb *iP'2 r2 b:
bFV-r?B+? "Qm;?HV iltdMd)H IRBEXQ//BiBQM HHv-r2 FMQri?2 +m ' 2Mi
im 2 Q7 *J" "2HB+ T?QDQMBIQ 2B iBp2 0Ri2X2 i i?2B° 2KBbbBQM HQ
;Q-r?B+? a@3HYb(tcyg) 10 UrBi? M 2tT M/BM; mMBp2 ' b2-r2 2tT2+i
iQ #21VX *QK#BMBM; i?2b2 (tr&@9 r2 (t2ms )(altiq, ¥ altcws)) 10 2-

r?B+? BKTHB2b i?2 mMBp2 b2 b?QmHKHXHQ MEB/2 BN ;iZ2Mi2Q2nim B |
? b " B+? bim+im 2 U2X;X-; Htvbim+im 2bt i) bY-BKTRMBIM2tT 2
i? 11?22 /2MbBiv7HmMm+im iBQMb ii?2iBK2 Q7 i?2*J" "2bm#bi MiB F
+QM+HMbBQMb Q7 i?Bb “;mK2Mi "2 REXBQ B;E)?pIBh?h BREE)EG§B QXMb (
Tm i?22 bmTTQ ii?2b2 +QM+HMbBQMbX

MQi?2" K2 bm 2K2Mi i? i T'Q#2b i?2 M im 2 Q7 i?2 2 "Hv mMBp2°
HB;?i 2H2K2Mib U?v/ Q;2M iQ HBi?BmKVX 6°QK Qm  mM/2 bi M/BM;
UbZRXNXd?2 "2H iBp2 #mM/ M+2 Q7 HB;?i 2H2K8DM i T iRD 7Rt2B:Qm;"
" M;X aBM+2i?2°2 "2MQ Qi?2 T°Q/m+iBQM K2+? MBbKb 7Q  i?2b2
/2mi2 " BmK iQ ?D/HQV2M B2HBmMK iQ He@RYV2M QpB/2b bi'QM; T Q#2
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i22 #H +F#Q/v T?QiQM /2MbBiv Q7 i?2 2,dfWjmMWKpRIKE @ k9 X j) X

ATk ii2= % volt 3 -i?2Mi?2 //BiBQM H .J +QKTQM2Mi Kmbi TH v 'Q
iBQMb r2 rBHH ?B;?HB;?i .J6b "QH2BM i?2 MBbQi'QTB2b b22M BN\
"2 BM/2T2M/2Mi K2i?Q/b iQ /R ZKBMXTH2- pB i?ZGQGVvabiM M/
i2°Qm;? "B; " M; MmM+H2QbvMi?2bBbX

RXkX9 *QbKB+ JB+ Qr p2 " +F;"QmM/

b i?2 7B bi bB:M im 2 Q7 i?2 "B; " M;- i?2 *J" ?2 b #22M TBpQi H iC
Q7 i?2 2 "Hv mMBp2'b2- b Bi Bb i?2 "2KM Mi HB;?i 7°QK i?2 "B; "
"2+QK#BM iBQMV i? i6b #22M "2/b?B7i2/iQ i?2 KB+ Qr p2 bT2+i mk

MBbQi"QTB2b BM i?Bb KQbiHv 7H i KB+ Qr p2 /Bbi ' B#miBQM TH v
K ii2  /Bbi'B#miBQM BM i?Bb T2 'BQ/X h?2 MBbQi'QTB2b BM i?2 *J"
M:mH “@/2T2M/2Mi *J" Q#b2 p iBQMb M/ KQ/2HBM; i?2K mbBM; bT

X
T(; )= amYim(; ) URXS8V

I:m

r?22°%m(; ) 2i?22bT?2 B+ H T KBIOMIB2bi2KT2 im 2 T°'Q7BH2 Q7 i?
am Bbi?2 +QMi'B#miBQM Q7 2 +? ? "KQM B +M MBQWI@ERR 2;1]iB D B Mi2;2
[m MiB7v Bi + Qbbi?2 bFv-i?2 TQr2" bTR:= l({inl)BjR [i2.78B M2 /MQ # 2
BHHmbi® iBQM Q7 i?2 TQr2  bT2+i'mK 7 QK #Qi? i?2Q v M/ Q#b2"y
R Xe

6Q" i?2 HQr KQK2Mib- i?2 /QKBM Mi +QMi'B#miBQMb iQ i?2 MBbOQ
avbi2Koéb "2H iBp2 KQiBQM "2H iBp2 iQ M2 'HvlBHQIiiT@TBH#H@+ F ¢
im iBQMb Q7 K ii2 f2M2 ;v /2MbBiv /m IBMPO0-2 MYK 2B MQIBBNWM M2 Q7
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/ “F2M2 ;v i HQr "2/b?B7i Q7 b B/ MBbQi'QTB2b 7° QK i?2 H bi b+ i
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KQK2Mib "2 +QMb2[m2M+2 Q7 ; pBiv@/ Bp2M +QmbiB+ Qb+BHH i
BMi?2 mMmMBp2 b2 #29QXK2AM2m2 TR (BQ/ 7i2 i?2 "B; " M;- bi?2 mME
i?72 T?QiQ@# 'vQM 7HmMB/ /12+QmTH2b M/ "2+QK#BM2b- T ' Q/m+BM;
BMi?2 K ii2° /2MbBiv +Q "2bTQM/ iQ +QmbiB+ Qb+BHH iBQMb BM
"2+QK#BM iBQM T ' Q+2bb Bb MQi BMbi Mi M2Qmb- i?R2>22000Q mH/ #2

h?2 72 im 2b Q7 i?2 +QmbiB+ Qb+BHH iBQMb "2 bi'QMd@v iB2/ iQ
"2H iBp2iQi?2iQi H K i{2 P2MpBi¥BM i?2 T?QiQM@# 'VQM 7THmMB/- |
7Q +2b 7 QK i?27HmB/ +i bi?2/ BpBM; 7Q +2-r?BH2 T?QiQM T 2b
+QKT 2bbBIOGb X (

P#b2 p iBQMb Q7 i?2 TQr2 bT2+i mK ? p2 #OB2WQK /1D0v MI S (

SG L*Eqd 7Q . 2500X q?2M +QKT 2/ rBi? i?2Q 2iB+ H T 2/B+iBQMH
+QmbiB+ Qb+BIDH iRIQ PhH?R" 27722M kN)- i?2 KQ/2HbhdgBH?

0:0224 0:0001 M/ M //BiBQM H U+QH// “FV K iigy % 9KI2Q MDD Q7

©@d 2 M2+2bb "vX h?Bb +QKT "BbQMRB¥E BHHmMbi® i2/ BM 6B ;X

RXkX8 GvK M@ HT? 6Q 2bib

h?2 GVK M@ 2bi Bb 2;BQMBMbT +2r?2°2 67Q°2bio Q7 #bQ TiBQ
#bQ TiBQM HBM2 KQbiHv +QK2b 7°QK M2mi  H ?v/ ' Q;2M ; b U#Qi"
r?B+? HHQrb QM2 iQ Q#i BM BM7Q K iBQM 0" BK K30HIE AH 20N 2b ? B
7Q+mb2b DM- i?2 #bQ TiBQM HBM2b BM i?Bb "2;:BK2 +Q "2bTQM/ |
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0:02218 0:00055U7Q bi MF.JV-r?B+? Bb +QMbBbi2Mi rBi? i?2 *J" K2 bm

RXkXe "B;" M; Lm+H2QbvM2i?bBb

q?BH2i?2 *J" MBbQi"QTB2b T'QpB/2 K2 bm 2K2MioRBiiPQmHNQM ,
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