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:gghlZpby

;_eygq_gdh K�:�� ;j_oh\kdbo <�<�� >ylq_gdh <�:� b ^j� Nhlhljbh^u b nhlhl_ljh^u k \ukhdbf

mkbe_gb_f� Ij_ijbgl BN<W ����−��� − Ijhl\bgh� ����� ± � k�� � jbk�� � lZ[e�� [b[ebh]j�� ��

HibkZgu gh\u_ j_amevlZlu ih oZjZdl_jbklbdZf nhlhljbh^h\ k mkbe_gb_f ��−�� b nhlhl_ljh^h\
k mkbe_gb_f ^h ���� Wlb nhlhijbzfgbdb [ueb jZajZ[hlZgu b ba]hlh\e_gu \ BN<W b gZ FWEA_

\ l_q_gb_ ihke_^gbo q_lujzo e_l� GZ FWEA_ hk\h_gh ijhba\h^kl\h nhlhljbh^h\ k \ukhdbf mkbe_gb�

_f b jZ^bZpbhggh klhcdbf hdghf nhlhdZlh^Z� H[km`^Zxlky \hafh`ghklb bkihevah\Zgby j_amevlZlh\

jZajZ[hlhd ^ey kha^Zgby nhlhmfgh`bl_e_c� jZ[hlZxsbo \ fZ]gblguo iheyo [he__ � L� fgh]hdZgZevguo

nhlhmfgh`bl_e_c b ^_l_dlhjh\ qZklbp k \ukhdbf \j_f_gguf jZaj_r_gb_f�

�

$EVWUDFW

%HO\DQFKHQNR 6�$�� %UHNKRYVNLNK 9�9�� '\DWFKHQNR 9�$� HW DO� 3KRWRWULRGHV DQG 3KRWRWHWURGHV ZLWK +LJK

*DLQ� ,+(3 3UHSULQW ����±��� ± 3URWYLQR� ����� ± S� �� ILJV� �� WDEOHV �� UHIV�� ��

�
7KH QHZ UHVXOWV RQ WKH GHVLJQ DQG FKDUDFWHULVWLFV RI SKRWRWULRGHV ZLWK D JDLQ RI ��−�� DQG SKRWRWHWRGHV

ZLWK D JDLQ XS WR ��� DUH GHVFULEHG� 7KHVH SKRWRUHFHLYHUV ZHUH GHVLJQHG DQG SURGXFHG DW ,+(3 DQG 0(/= LQ WKH

ODVW IRXU \HDUV� 0(/= KDV VWDUWHG WR SURGXFH VXFK SKRWRWULRGHV ZLWK UDGLDWLRQ KDUGHQHG &H�GRSHG SKRWRFDWKRGH

ZLQGRZ� 7KH SRVVLELOLWLHV RI XVLQJ WKHVH UHVXOWV IRU SKRWRPXOWLSOLHUV GHVLJQLQJ ZKLFK FDQ RSHUDWH LQ PDJQHWLF
ILHOGV PRUH WKDQ � 7� PXOWLFKDQQHO SKRWRPXOWLSOLHUV DQG SDUWLFOH GHWHFWRUV ZLWK KLJK WLPH UHVROXWLRQ DUH

GLVFXVVHG�
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Wg_j]_lbq_kdh_ jZaj_r_gb_ i_j_^g_]h dZehjbf_ljZ we_dljhfZ]gblgh]h dZehjbf_ljZ &06

hij_^_ey_lky� \ lhf qbke_� mkbe_gb_f nhlhljbh^h\� dhlhjh_ hij_^_ey_l \_ebqbgm wd\b\Ze_gl�

gh]h rmfZ >�@�

FbgbfZevgh ^himklbfZy \_ebqbgZ lj_[m_fh]h mkbe_gby khklZ\ey_l hdheh �� \ ZdkbZevghf

fZ]gblghf ihe_ \_ebqbghc � L� < lh `_ \j_fy kj_^gyy \_ebqbgZ mkbe_gby ba\_klguo

nhlhljbh^h\ k [bs_ehqguf ^bgh^hf hljZ`Zxs_]h lbiZ b ILQH�PHVK�Zgh^hf g_ ij_\urZ_l

��−�� >�� �@ b mf_gvrZ_lky ihqlb \^\h_ \ fZ]gblghf ihe_ � L�

< jZfdZo &(51−,17$6�ijh_dlZ ������� \ BN<W kh\f_klgh k FWEA [ueb jZajZ[hlZgu

b mki_rgh bkiulZgu i_j\u_ h[jZapu nhlhljbh^h\ k mkbe_gb_f [he__ ��� FWEA hk\hbe

ijhba\h^kl\h ILQH�PHVK�nhlhljbh^h\ k mkbe_gb_f ��−�� b jZ^bZpbhggh klhcdbf hdghf ba

kl_deZ K�����

JZajZ[hldZ nhlhl_ljh^h\ k ^bgh^hf gZ ijhklj_e b hljZ`Zxsbf ^bgh^hf� bf_xsbo mkbe_�

gb_ ^h ���� [ueZ ke_^mxsbf rZ]hf \ jZajZ[hld_ nhlhijbzfgbdh\� jZ[hlZxsbo \ [hevrbo

fZ]gblguo iheyo�

I_j\u_ ^Zggu_ ih \lhjbqgh�wfbkkbhgghfm mkbe_gbx .�&V6E�[bs_ehqguo ^bgh^h\ b

1D�.&V6E�fmevlbs_ehqguo ^bgh^h\ [ueb ihemq_gu :�O� Khff_jhf >�@� Ijb wg_j]bb we_dljh�

gh\ \ ��� w< \_ebqbgZ mkbe_gby mdZaZgguo ^bgh^h\ khklZ\ey_l ��−�� khhl\_lkl\_ggh� Ke_^h\Z�
l_evgh� g_ \k_ \hafh`ghklb [bs_ehqguo ^bgh^h\ [ueb j_Zebah\Zgu \ bkiulZgguo nhlhljbh�

^Zo >�� �@� GZrb j_amevlZlu ^ey mkbe_gby ih^h[guo ^bgh^h\ hlebqZxlky hl mkbe_gby ^bgh^h\

ijhfure_gguo ijb[hjh\ �l�_� nhlhljbh^h\ +DPDPDWVX� 3KLOLSV� I_l_j[mj]kdh]h h[t_^bg_gby

³We_dljhg´� b khklZ\eyxl \ ljb jZaZ [hevrmx \_ebqbgm�

��� ����������������������������������������� !�"�#�������"�

�

Wkdba dhgkljmdpbb BN<W� b FWEA�nhlhljbh^h\ b aZ\bkbfhklb mkbe_gby nhlhljbh^h\

hl jZaebqguo iZjZf_ljh\ ihdZaZgu gZ jbk� �−��
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Jbk� �� Wkdba dhgkljmdpbb nhlhljbh^h\�� Jbk� �� Ko_fZ baf_j_gby oZjZdl_jbklbd�

IHEP-127

13/02/03   15.55
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MELZ-66

13/02/03   15.43

0.5V/mm

1V/mm

10V/mm

50V/mm

150V/mm
450V/mm

Energy of electron, eV

G
a
in

0

10

20

30

40

50

60

0 200 400 600 800 1000 1200 1400 1600

�

Jbk� �� AZ\bkbfhklv mkbe_gby hl wg_j]bb nhlhwe_dljhgh\ b we_dljbq_kdh]h ihey

\ ijhf_`mld_ ^bgh^−Zgh^ ^ey BN<W� b FWEA�nhlhljbh^h\�
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Hkgh\gu_ oZjZdl_jbklbdb jZajZ[hlZgguo nhlhljbh^h\ k jZ^bZpbhggh klhcdbfb hdgZfb

ij_^klZ\e_gu \ lZ[e� � \ kjZ\g_gbb k oZjZdl_jbklbdZfb +DPDPDWVX 5���� \Zdmmfgh]h

nhlhljbh^Z�

LZ[ebpZ ��

��

FDQXIDF�

WXUHU

6SK�FDWK

��� QP

P$�:

*DLQ +9QRP

�N9�

+9PD[

�N9�

$QRGH

VLJQDO DPSO�

/('� ��� QP

3KRWR�

FDWKRGH

VLJQDO DPSO�

/('� ��� QP

7\SH

RI PHVK

+DPDPDWVX �� � � � � �

��� 0(/= �� �� ���� ��� ���� ��� &X� �� O�PP

��� 0(/= �� �� ���� ��� ��� ���� &X� �� O�PP

��� 0(/= �� �� ���� ���� ��� ���� &X� �� O�PP

��� 0(/= �� �� ���� ��� � ���� &X� ��� O�PP

��� 0(/= �� �� ���� ��� ��� ���� &X� ��� O�PP

��� 0(/= �� �� ���� ���� ���� ���� 6L� ��� O�PP

��� 0(/= �� �� ���� ���� ��� ���� &X� ��� O�PP

��� 0(/= �� �� ���� ���� ��� ���� 6L� ��� O�PP

��� 0(/= �� �� ���� ��� ��� ��� 6L� ��� O�PP

��� 0(/= �� �� ���� ���� ��� ���� &X� �� O�PP

��� 0(/= �� �� ���� ���� ��� ���� &X� �� O�PP

��� 0(/= �� �� ���� ���� ���� ���� &X� �� O�PP

��� 0(/= �� �� ���� ��� ��� ���� &X� �� O�PP

0HDQ� 0(/= ���� �� ���� ��� ��� ����

DZd \b^gh ba lZ[e� �� mkbe_gb_ FWEA�nhlhljbh^h\ \ g_kdhevdh jZa [hevr_� q_f

m +DPDPDWVX 5����� Ijb wlhf ^hklb]gmluc mjh\_gv kbg_c qm\kl\bl_evghklb nhlhdZlh^Z

\ ���·��� jZaZ f_gvr_� q_f m +DPDPDWVX 5�����

����
�$"�%��&�"�����$"�������'��#������(�

������
GZ jbk� � ijb\_^_gu j_amevlZlu baf_j_gbc dhwnnbpb_glZ \lhjbqghc wfbkkbb �/� ^ey

.�&V6E�� 1D�.&V6E�� &V�6E�� *D3� b &X�%H2�&V�^bgh^h\�

�

�

Jbk� �� AZ\bkbfhklb dhwnnbpb_glZ \lhjbqghc wfbkkbb jZaebqguo
lbih\ wnn_dlb\guo ^bgh^h\ hl wg_j]bb we_dljhgZ�



�

DZd fh`gh \b^_lv gZ jbk� �� g_ gZ[ex^Z_lky aZf_lgh]h gZkus_gby \_ebqbgu / hl mkdh�

jyxs_]h gZijy`_gby �wg_j]bb we_dljhgh\� ^ey kemqZ_\ [bs_ehqgh]h b fmevlbs_ehqgh]h

^bgh^h\� Djhf_ lh]h� g_ba\_klgh� ijb dZdhc \_ebqbg_ we_dljbq_kdh]h ihey� ³kh[bjZxs_]h´

\lhjbqgu_ we_dljhgu� ijh\h^bebkv wlb baf_j_gby� < lh `_ \j_fy� j_amevlZlu gZrbo baf_j_�

gbc��kf� jbk� �� ihdZau\Zxl� qlh aZ\bkbfhklv mkbe_gby hl \_ebqbgu ³kh[bjZxs_]h´ we_dljb�

q_kdh]h ihey fh`_l [ulv ^hklZlhqgh kbevghc�

Ij_^klZ\ey_lky� qlh h[tykg_gb_ \ukhdhc \_ebqbgu \lhjbqghc wfbkkbb [bs_ehqguo

b fmevlbs_ehqguo ^bgh^h\ lhevdh wnn_dlb\guf hljbpZl_evguf we_dljhgguf kjh^kl\hf

�1($� >�@� dZd b \ kemqZ_ *D3�&V�� y\ey_lky g_^hklZlhqguf ^ey kemqZy .�&V6E�^bgh^Z� AZ\bkb�

fhklb jbk� � ihdZau\Zxl� qlh mkbe_gb_ nhlhljbh^h\ m\_ebqb\Z_lky k jhklhf we_dljbq_kdh]h

ihey \ ijhf_`mld_ Zgh^−^bgh^� Z gZkus_gb_ mkbe_gby b aZl_f _]h mf_gvr_gb_ bf__l f_klh

lhevdh ^ey fZeuo agZq_gbc \_ebqbgu we_dljbq_kdh]h ihey \ wlhf ijhf_`mld_� Wlh fh`_l mdZ�

au\Zlv gZ lh� qlh we_dljbq_kdh_ ihe_ ijhgbdZ_l \ Zdlb\guc fZl_jbZe ^bgh^Z� ih djZcg_c f_j_�

gZ ]em[bgm ijh[_]Z iZ^Zxsbo gZ .�&V6E�^bgh^ we_dljhgh\� Wlh \iheg_ \hafh`gh� lZd dZd

.�&V6E y\ey_lky ihemijh\h^gbdhf k hq_gv \ukhdbf khijhlb\e_gb_f �g_kdhevdh dHf�kf� b

qbkeh ghkbl_e_c fh`_l [ulv g_^hklZlhqguf� qlh[u dhfi_gkbjh\Zlv \g_rg__ we_dljbq_kdh_

ihe_� Ijb lZdhc fh^_eb� ijb fZeuo agZq_gbyo we_dljbq_kdh]h ihey \ ijhf_`mld_ iZ^_gb_

mkbe_gby k jhklhf wg_j]bb nhlhwe_dljhgh\ h[tykgy_lky l_f� qlh \ ijbih\_joghklguo kehyo

^bgh^Z� \ dhlhju_ ijhgbdZ_l we_dljbq_kdh_ ihe_� dhebq_kl\h \lhjbqguo we_dljhgh\ k jhklhf

wg_j]bb nhlhwe_dljhgh\ iZ^Z_l� qlh k\yaZgh k mf_gvr_gb_f \_ebqbgu bhgbaZpbhgguo ihl_jv \

ijbih\_joghklguo kehyo�

Ke_^mxsZy dZq_kl\_ggZy fh^_ev ij_^klZ\ey_lky gZb[he__ j_Zevghc�

�� .�&V6E�kehc bf__l hlghkbl_evgh fZemx \_ebqbgm ih\_joghklgh]h ihl_gpbZevgh]h

[Zjv_jZ�

�� We_dljbq_kdh_ ihe_ \gmljb .�&V6E�^bgh^Z ³jZah]j_\Z_l´ b ljZgkihjlbjm_l \lhjbqgu_

we_dljhgu d ih\_joghklb� gh g_ mf_gvrZ_l \_ebqbgm ihl_gpbZevgh]h [Zjv_jZ gZ ih�

\_joghklb ^bgh^Z� lZd dZd bf__l f_klh hq_gv keZ[Zy aZ\bkbfhklv mkbe_gby hl we_dljb�

q_kdh]h ihey \ h[eZklb fZeuo \_ebqbg wg_j]bb nhlhwe_dljhgh\ �jbk� ���

��� ��������������������)����*��"�������"����)��������

�

< jZfdZo mihfygmlh]h ,17$6�ijh_dlZ [ue jZajZ[hlZg gh\uc lbi nhlhijbzfgbdh\ − nhlh�
l_ljh^u k lhgdhiezghqgufb ^bgh^Zfb gZ ijhklj_e� Wkdba dhgkljmdpbb nhlhl_ljh^h\ b ko_fZ

baf_j_gby bo oZjZdl_jbklbd ihdZaZgu gZ jbk� � b � khhl\_lkl\_ggh�

AZ\bkbfhklb mkbe_gby ^bgh^h\ gZ ijhklj_e �G��� hljZ`Zxsbo ^bgh^h\ �G�� b nhlhl_ljh^Z

\ p_ehf ij_^klZ\e_gu gZ jbk� ���� FZdkbfZevgh_ mkbe_gb_ ^bgh^h\ [ueh ^hklb]gmlh ijb

fbgbfZevghc lhesbg_ ie_gdb� h[_ki_qb\Zxs_c ^hklZlhqgmx f_oZgbq_kdmx ijhqghklv�

WlZ lhesbgZ khklZ\ey_l hdheh �� gf ijb iehlghklb ���������� f]�kf�
� <iheg_ \hafh`gh b ^Zev�

g_cr__ mf_gvr_gb_ lhesbgu iezgdb�

< lh `_ \j_fy ^ebgZ ijh[_]Z we_dljhgZ k wg_j]b_c � dw< khklZ\ey_l �������Â���� f]�kf�
� l�_�

\ �� jZaZ f_gvr_� < kemqZ_ we_dljhgh\ k wg_j]b_c ��� dw< wlh hlghr_gb_ ���� [m^_l [hevr_ gZ

^\Z ihjy^dZ \_ebqbgu� h^gZdh \lhjbqgZy wfbkkby _sz bf__l f_klh� Hlkx^Z ke_^m_l� qlh�

�� <k_ \lhjbqgu_ we_dljhgu l_jfZebah\Zgu�

�� >bnnmabhggZy ^ebgZ \lhjbqguo we_dljhgh\ \gmljb Zdlb\ghc iezgdb ^he`gZ [ulv

kjZ\gbfhc k lhesbghc iezgdb�
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Jbk� �� Wkdba dhgkljmdpbb nhlhl_ljh^Z� Jbk� �� Ko_fZ baf_j_gby oZjZdl_jbklbd�

TMI-28
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TMI-28

13/02/03   16.40
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TMI-30

13/02/03   16.17
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Jbk� �� AZ\bkbfhklv mkbe_gby hljZ`Zxsbo ^bgh^h\ hl wg_j]bb \lhjbqguo we_dljhgh\
b we_dljbq_kdh]h ihey f_`^m wlbf ^bgh^hf b Zgh^hf ^ey LF,��� b LF,����

TMI-28

15/02/03   13.54
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TMI-30

13/02/03   16.20
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Jbk� �� AZ\bkbfhklv mkbe_gby nhlhl_ljh^h\ ijb ijhihjpbhgZevghf

m\_ebq_gbb gZijy`_gby gZ \k_o we_dljh^Zo�



�

Mkbe_gb_ ^bgh^h\ gZ ijhklj_e kjZ\gbl_evgh keZ[h aZ\bkbl hl we_dljbq_kdh]h ihey \

ijhf_`mld_ Zgh^−^bgh^ �jbk� ��� Wlh hagZqZ_l� qlh we_dljbq_kdh_ ihe_ ijZdlbq_kdb g_ ijhgb�

dZ_l \ h[tzf ^bgh^Z b g_ fh`_l ³jZah]j_\Zlv´ b ljZgkihjlbjh\Zlv \lhjbqgu_ we_dljhgu

d wfbllbjmxs_c ih\_joghklb ^bgh^Z�

<k_ wlb nZdlu fh`gh h[tykgblv \ ij_^iheh`_gbb� qlh ih\_joghklv jZajZ[hlZgghc Zdlb\�

ghc iezgdb ^bgh^Z gZ ijhklj_e h[eZ^Z_l 1($ ih^h[gh djbklZeem *D3�&V��

�

���������������+�����,���'���*����'����$��!���(�)������'��,������"�'�����'��

������"��������	��)�����)�� $���������$������������������������

�

JZajZ[hlZggu_ nhlhl_ljh^u bf_xl mkbe_gb_ ���−���� b fu gZ^__fky gZ ^Zevg_cr__ ih�

\ur_gb_ mkbe_gby� Ij_^klZ\ey_lky bgl_j_kguf ihgylv� dZdb_ ij_bfms_kl\Z fh`gh ihemqblv

ijb bkihevah\Zgbb jZajZ[hlZgguo nhlhl_ljh^h\ \ i_j_^g_f we_dljhfZ]gblghf dZehjbf_lj_�

Eh]bqgh ij_^iheh`blv� qlh fZ]gblgZy klhcdhklv wlbo nhlhl_ljh^h\ ^he`gZ [ulv� ih

djZcg_c f_j_� kjZ\gbfhc kh klhcdhklvx ljbh^h\ k f_edhkljmdlmjgufb k_ldZfb� l�d� ^bgh^u gZ

ijhklj_e ij_^klZ\eyxl kh[hc iehkdmx ijh\h^ysmx iezgdm b� ke_^h\Zl_evgh� \lhjbqgZy wfbk�
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