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2WDF]DM�FD�QDV�PDWHULD�MHVW�]EXGRZQD�
]�a����SLHUZLDVWNÕZ�

3LHUZLDVWHN WR ]ELÕU MHGQDNRZ\FK DWRPÕZ
��FL�OHM� DWRPÕZ R WDNLHM VDPHM OLF]ELH DWRPRZHM =��

$WRP\ PRJ� ��F]\È VLÌ Z F]�VWHF]NL WZRU]�F ]ZL�]NL
FKHPLF]QH�

3X�DSND MÌ]\NRZD� F]�VWHF]ND �FKHPLF]QD� MHVW ]QDF]QLH
ZLÌNV]D RG F]�VWNL �HOHPHQWDUQHM��

3LHUZLDVWNL XN�DGDM� VLÌ Z 7DEOLFÌ 0HQGHOHMHZD
Z ]DG]LZLDM�F\ VSRVÕE RG]ZLHUFLHGODM�F� LFK
Z�DVQR�FL�

6WUXNWXUD 7DEOLF\ 0HQGHOHMHZD SR]RVWDZD�D
WDMHPQLF� GR FKZLOL SRZVWDQLD PHFKDQLNL
NZDQWRZHM� NWÕUD Z\MD�QL�D SUDZD U]�G]�FH
DWRPDPL�

3LHUZLDVWNL



8NáDG 2NUHVRZ\ 3LHUZLDVWNyZ
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$WRP\ SLHUZLDVWNÕZ FKDUDNWHU\]XMH�

• OLF]ED DWRPRZD = ��������
 QXPHU SLHUZLDVWND Z 7DEOLF\ 0HQGHOHMHZD

• OLF]ED PDVRZD $ ���������
≈ PDVD GDQHJR DWRPX � PDVD DWRPX ZRGRUX

DWRP� �M�GUR���=�HOHNWURQÕZ

M�GUR� �=�SURWRQÕZ����$�=��QHXWURQÕZ

RELHNW UR]PLDU PDVD �DGXQHN

DWRP ��
−��P $ *H9 �

M�GUR ��−�����−�� P $ *H9 �=H

QHXWURQ
SURWRQ

��−�� P � *H9 �H

HOHNWURQ ���−�� P ������ *H9 −H

$WRP



1D SRF]�WNX ODW ���W\FK Z\GDZD�R VLÌ� ¡H ZV]HFK�ZLDW
MHVW ]EXGRZDQ\ W\ONR ] WU]HFK URG]DMÕZ F]�VWHN�

HOHNWURQ��SURWRQ��QHXWURQ�

:NUÕWFH RGNU\WR MHGQDN W\OH QRZ\FK F]�VWHN�
¡H ]DEUDN�R OLWHU Z DOIDEHWDFK �DFLÓVNLP L JUHFNLP
GR LFK R]QDF]DQLD�

3RMDZL�D VLÌ Z�WSOLZR�È�
F]\ ZV]\VWNLH WH F]�VWNL V� U]HF]\ZL�FLH HOHPHQWDUQH"

1RZH�F]�VWNL
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3RZWÕU]\�D VLÌ KLVWRULD 7DEOLF\ 0HQGHOHMHZD�

&]�VWNL ]DF]Ì�\ XN�DGDÈ VLÌ Z VWUXNWXU\
RG]ZLHUFLHGODM�FH LFK Z�DVQR�FL�

6WUXNWXU\ WH XGD�R VLÌ Z\MD�QLÈ ]DN�DGDM�F LVWQLHQLH
F]�VWHN ��MHV]F]H EDUG]LHM HOHPHQWDUQ\FKv� NZDUNÕZ�

QS� SURWRQ� �XXG����QHXWURQ� �XGG

��3RZWÍUND�0HQGHOHMHZDp
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: ¡\FLX FRG]LHQQ\P VSRW\NDP\ W\ONR GZD RG]LD�\ZDQLD
IXQGDPHQWDOQH�

*5$:,7$&<-1(

G]LD�D QD ZV]\VWNLH FLD�D EH] Z\M�WNX

QR�QLN� JUDZLWRQ �MHV]F]H QLH RGNU\W\�

SU]HMDZ\� FL�¡HQLH� SU]\FL�JDQLH FLD� QLHELHVNLFK

(/(.7520$*1(7<&=(

G]LD�D QD �DGXQNL HOHNWU\F]QH

QR�QLN� IRWRQ γ
SU]HMDZ\� VL�\ PDJQHW\F]QH� HOHNWU\F]QH� WDUFLH�

VSUÌ¡\VWR�È� OHSNR�È� ZL�]DQLD FKHPLF]QH LWS�

: �ZLHFLH F]�VWHN HOHPHQWDUQ\FK Z\VWÌSXM� GZD QRZH
RG]LD�\ZDQLD�

-�'52:(�6�$%(

G]LD�D QD OHSWRQ\ L NZDUNL

QR�QLNL� ER]RQ\ =�� :�� :−

SU]HMDZ\� UR]SDG\ SURPLHQLRWZÕUF]H�
V\QWH]D M�GURZD Z JZLD]GDFK

-�'52:(�6,/1(

G]LD�D W\ONR QD NZDUNL

QR�QLNL� JOXRQ\ J

SU]HMDZ\� VWDELOQR�È M�GHU DWRPRZ\FK�
ZL�]DQLH NZDUNÕZ Z SURWRQDFK L QHXWURQDFK

2GG]LD�\ZDQLD



3RG SRMÌFLHP GHWHNFML UR]XPLHP\�

• ]DREVHUZRZDQLH F]�VWNL
• UHMHVWUDFMD REVHUZDFML
• SRPLDU SUÌGNR�FL� SÌGX� HQHUJLL� LWS�
• LGHQW\ILNDFMD

3RGVWDZRZH�]MDZLVND

&]�VWND QD�DGRZDQD SU]HFKRG]�F SU]H] PDWHULÌ
PDQLIHVWXMH VZRM� REHFQR�È SRSU]H]

• MRQL]DFMÌ R�URGND
• HPLVMÌ IRWRQÕZ

-RQL]DFMD

SROHJD QD Z\ELMDQLX HOHNWURQÕZ ] DWRPÕZ R�URGND�

: SÕ�SU]HZRGQLNDFK SU]HFKRG]�FD F]�VWND PR¡H
WZRU]\È SDU\ HOHNWURQ�G]LXUD�

(PLVMD IRWRQÍZ

• 6F\QW\ODFMD y
F]�VWND SU]HFKRG]�FD SU]H] QLHNWÕUH VXEVWDQFMH
� 1D,� SREXG]D DWRP\� NWÕUH QDVWÌSQLH HPLWXM� �ZLDW�R
�IRWRQ\��

• 3URPLHQLRZDQLH &]HUHQNRZD y
F]�VWND SRUXV]DM�FD VLÌ Z R�URGNX V]\EFLHM QL¡
�ZLDW�R Z\V\�D IRWRQ\ Z VWR¡NX SU]\SRPLQDM�F\P IDOÌ
XGHU]HQLRZ� QDGG�ZLÌNRZHJR VDPRORWX�

• 3URPLHQLRZDQLH SU]HM�FLD y
HPLWRZDQH SU]H] F]�VWNÌ QD JUDQLF\ GZÕFK R�URGNÕZ

• 3URPLHQLRZDQLH KDPRZDQLD y
HPLWRZDQH SU]H] F]�VWNÌ ]ZDOQLDM�F� Z R�URGNX�

'HWHNFMD�F]�VWHN



(PXOVMD IRWRJUDILF]QD

MRQL]DFMD SRZRGXMH ]DFLHPQLHQLH HPXOVML Z]G�Õ¡ WRUX
F]�VWNL

.RPRUD PJ�RZD �:LOVRQD�

Z SU]HFK�RG]RQ\P JD]LH QD ]MRQL]RZDQ\FK FHQWUDFK
NRQGHQVXM� VLÌ NURSOH WZRU]�FH REUD] WRUX F]�VWNL� NWÕU\
PR¡H E\È QS� VIRWRJUDIRZDQ\�

.RPRUD SÄFKHU]\NRZD

Z SU]HJU]DQHM FLHF]\ �QS� FLHN�\ ZRGÕU� QD
]MRQL]RZDQ\FK FHQWUDFK WZRU]� VLÌ SÌFKHU]\NL JD]X
WZRU]�FH REUD] WRUX F]�VWNL� NWÕU\ PR¡H E\È QS�
VIRWRJUDIRZDQ\�

'HWHNWRU\�ZL]XDOQH



*$5*$0(//(
&(51 SKRWRV ����

.RPRUD�SÄFKHU]\NRZD



: NXFKHQFH PLNURIDORZHM RJU]HZDP\ ZRGÌ Z V]NODQ\P
G]EDQNX� *G\ ]DF]Q� SRMDZLDÈ VLÌ SLHUZV]H GX¡H E�EOH
SDU\� G]EDQHN Z\MPXMHP\ ] NXFKHQNL� 'R G]EDQND
V]\ENR ZU]XFDP\ WRUHENÌ KHUEDW\ HNVSUHVRZHM� 1DJOH
ZRGD ]DF]\QD JZD�WRZQLH ZU]HÈ�

8ZDJD� *ZD�WRZQLH ZU]�FD ZRGD Z\OHZD VLÌ ] G]EDQND
L PR¡H QDV SRSDU]\È�

: NXFKHQFH PLNURIDORZHM ZRGD RJU]HZDQD MHVW
UÕZQRPLHUQLH Z FD�HM REMÌWR�FL
�Z SU]HFLZLHÓVWZLH GR QS� F]DMQLND QD SDOQLNX JD]RZ\P�
L ZU]HQLH uQLH PD RG F]HJR VLÌ ]DF]�Èv�

7HPSHUDWXUD ZRG\ SU]HNUDF]D ���°&�
-HVW WR W]Z� FLHF] SU]HJU]DQD�

7RUHEND KHUEDW\ VSH�QLD UROÌ uF]�VWNL HOHPHQWDUQHMv�

1LHUÕZQR�FL MHM SRZLHU]FKQL VWDM� VLÌ FHQWUDPL� ZRNÕ�
NWÕU\FK UR]SRF]\QD VLÌ ZU]HQLH SU]HJU]DQHM FLHF]\�

o.RPRUD�SÄFKHU]\NRZDp�Z�NXFKQL



&]�VWND MRQL]XMH JD] PLÌG]\ GZRPD HOHNWURGDPL
R Z\VRNLP QDSLÌFLX� 1DVWÌSXMH Z\�DGRZDQLH GDM�FH
UHMHVWURZDOQ\ LPSXOV HOHNWU\F]Q\�

1DMF]Ì�FLHM VSRW\NDQH�

/LF]QLN *HLJHUD�0ÖOOHUD

+LVWRU\F]QLH SLHUZV]\ GHWHNWRU HOHNWURQLF]Q\�
.DWRG� MHVW UXUND PHWDORZD� DQRG� y GUXW Z MHM �URGNX�
SRG��F]RQ\ GR Z]PDFQLDF]D L J�R�QLND�
3U]HM�FLH F]�VWNL SRZRGXMH V�\V]DOQ\ Z J�R�QLNX WU]DVN�

.RPRU\ GUXWRZH

Z\NRU]\VWXM� VLOQH SROH HOHNWU\F]QH ZRNÕ� GUXWX�

• .RPRUD ZLHORGUXWRZD y

SR�R¡HQLH F]�VWNL RNUH�ORQH MHVW SU]H] QXPHU GUXWX
GDM�FHJR V\JQD� ����PP��

• .RPRUD GU\IRZD y
SR�R¡HQLH F]�VWNL RNUH�ORQH MHVW SU]H] F]DV GU\IX
HOHNWURQÕZ MRQL]DFML �a��µP�QV� GR QDMEOL¡V]HJR
GUXWX ��������µP��

• .RPRUD ] RGF]\WHP NDWRGRZ\P y
SR�R¡HQLH F]�VWNL RNUH�ORQH MHVW SU]H] VWXVXQHN
�DGXQNX LQGXNRZDQHJR QD UÕ¡Q\FK HOHPHQWDFK
NDWRG\ �������µP��

• .RPRUD SURSRUFMRQDOQD y
ZLHONR�È V\JQD�X MHVW SURSRUFMRQDOQD GR OLF]E\
]DUHMHVWURZDQ\FK F]�VWHN� :\NRU]\VW\ZDQD P� LQ�
GR SRPLDUX HQHUJLL NLHG\ F]�VWND SLHUZRWQD
SURGXNXMH GX¡� OLF]EÌ F]�VWHN ZWÕUQ\FK�

'HWHNWRU\�JD]RZH



:\�DGRZDQLD Z JD]LH Z]G�Õ¡ WRUÕZ PLRQÕZ NRVPLF]Q\FK�

'HWHNWRU\�JD]RZH

&(51 SKRWR



'R ODW ���W\FK F]�VWNL HOHPHQWDUQH EDGDQR J�ÕZQLH
UHMHVWUXM�F LFK RG]LD�\ZDQLD Z HPXOVMDFK L QD NOLV]DFK
IRWRJUDILF]Q\FK� $QDOL]D WDNLHJR ]GMÌFLD Z\PDJD�D
UÌF]QHJR SRPLDUX ZVSÕ�U]ÌGQ\FK ZLHOX SXNWÕZ QD WRU]H
ND¡GHM F]�VWNL� *LJDQW\F]Q\P QDN�DGHP SUDF\ PR¡QD
E\�R SU]HDQDOL]RZDÈ a�� ��� ]GMÌÈ ] WUZDM�FHJR NLOND ODW
HNVSHU\PHQWX�

3U]H�RPRZ\P PRPHQWHP E\�R Z\QDOH]LHQLH Z ���� U�
NRPRU\ ZLHORGUXWRZHM�
'HWHNWRU WHQ SR]ZROL� QD FD�NRZLFLH DXWRPDW\F]Q��
HOHNWURQLF]Q� UHMHVWUDFMÌ RG]LD�\ZDÓ F]�VWHN�
3R]ZROL�R WR QD SH�Q�� NRPSXWHURZ� LFK DQDOL]Ì�
FR GD�R PR¡OLZR�È SU]HEDGDQLD PLOLRQÕZ LQWHUHVXM�F\FK
SU]\SDGNÕZ ] MHGQHJR HNVSHU\PHQWX�

*HRUJHV &KDUSDN� 3RODN ] SRFKRG]HQLD� XU� Z ���� U�
Z '�EURZLF\� 8NRÓF]\� VWXGLD QD &ROOHJH GH )UDQFH
Z 3DU\¡X� 2G ����U SUDFXMH Z &(51LH� : ���� U� ]RVWD�
XKRQRURZDQ\ QDJURG� 1REOD ]D SUDFH QDG GHWHNWRUDPL
F]�VWHN HOHPHQWDUQ\FK� D Z V]F]HJÕOQR�FL
]D Z\QDOH]LHQLH NRPRU\ ZLHORGUXWRZHM�

1REHO�GOD�&KDUSDND

&(51 SKRWR ����

&(51 SKRWR ����



&]�VWND SU]HFKRG]�FD SU]H] SÕ�SU]HZRGQLN WZRU]\ SDU\
HOHNWURQ�G]LXUD� 3RZRGXMH WR SU]HS�\Z UHMHVWURZDOQHJR
SU�GX�

'HWHNWRU\ PLNURSDVNRZH

3R�R¡HQLH F]�VWNL RNUH�ORQH MHVW SU]H] HOHNWURGÌ
RGF]\WRZ� Z NV]WD�FLH SDVND R V]HURNR�FL U]ÌGX ���µP
L G�XJR�FL U]ÌGX ��FP�

'HWHNWRU\ PR]DLNRZH �SL[HO GHWHFWRUV�

3R�R¡HQLH F]�VWNL RNUH�ORQH MHVW SU]H] HOHNWURGÌ
RGF]\WRZ� Z NV]WD�FLH SURVWRN�WD R ERNDFK U]ÌGX ��µP�

'HWHNWRU\�SÍ�SU]HZRGQLNRZH

&(51 SKRWR



'HWHNWRU RSW\F]Q\ VN�DGD VLÌ ] SU]H]URF]\VWHJR R�URGND
L HOHPHQWX �ZLDW�RF]X�HJR� : R�URGNX� SU]HFKRG]�FD
F]�VWND SRZRGXMH VF\QW\ODFMÌ� HPLVMÌ SURPLHQLRZDQLD
&]HUHQNRZD OXE SURPLHQLRZDQLD SU]HM�FLD�

'HWHNWRU QHXWULQ 6XSHU�.DPLRNDQGH Z\NRU]\VWXMH
]ELRUQLN ] �� ��� WRQ ZRG\ MDNR R�URGHN SURPLHQLRZDQLD
&]HUHQNRZD�

'HWHNWRU SURPLHQLRZDQLD NRVPLF]QHJR $PDQGD MDNR
VF\QW\ODWRU Z\NRU]\VWXMH OÕG QD $QWDUNW\G]LH�

(OHPHQWHP �ZLDW�RF]X�\P MHVW ]Z\NOH IRWRSRZLHODF]
OXE IRWRGLRGD�

)RWRSRZLHODF]

=HVSÕ� VSHFMDOQLH XNV]WD�WRZDQ\FK HOHNWURG
XPLHV]F]RQ\FK Z EDÓFH SUÕ¡QLRZHM� 3DGDM�F\ IRWRQ
Z\ELMD ] SLHUZV]HM HOHNWURG\ HOHNWURQ� NWÕU\ SR
SU]\VSLHV]HQLX Z SROX HOHNWU\F]Q\P Z\ELMD NLOND
HOHNWURQÕZ ] GUXJLHM HOHNWURG\� .D¡G\ ] Z\ELW\FK
HOHNWURQÕZ MHVW ]QRZX SU]\VSLHV]DQ\ L Z\ELMD NLOND
QRZ\FK HOHNWURQÕZ ] QDVWÌSQHM HOHNWURG\� 3URFHV
uSRZLHODQLD HOHNWURQÕZv MHVW NRQW\QXRZDQ\ D¡ GR
X]\VNDQLD PLHU]DOQHJR SU�GX QD RVWDWQLHM HOHNWURG]LH�

)RWRGLRGD

WR XU]�G]HQLH SÕ�SU]HZRGQLNRZH� 3DGDM�F\ IRWRQ
Z\WZDU]D QR�QLNL �HOHNWURQ\ L G]LXU\� XPR¡OLZLDM�FH
SU]HS�\Z SU�GX Z NLHUXQNX ]DSRURZ\P�

'HWHNWRU\�RSW\F]QH



Eiffel Tower as comparison

(true scaling)

AMANDA as of 1998

AMANDA-B10 (bottom)

60 m

120 m
200 m

1150 m

surface
50 m

810 m

1000 m

2350 m

1980 m

1500 m

�
�
�
�

zoomed in on one

optical module (OM) 

snow layer

Depth

AMANDA-A (top)

zoomed in on

$QWDUFWLF
0XRQ
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1HXWULQR
'HWHFWRU
$UUD\
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6XSHU�.DPLRNDQGH

)RWRSRZLHODF]H UHMHVWUXM�
SURPLHQL RZDQLH &]HUHQNRZD
F]�VWHN SRUXV]DM�F\FK VL
 Z ZRG]LH



&]\ SURWRQ MHVW U]HF]\ZL�FLH F]�VWN� WUZD��"

-HVW RELHNWHP ]�R¡RQ\P� F]HPX ZLÌF QLH PLD�E\ VLÌ
UR]SD�È"

5]HF]\ZL�FLH� SLHUZV]H WHRULH XQLILNDFML RG]LD�\ZDÓ

SU]HZLG\ZD�\ UR]SDG SR F]DVLH U]ÌGX ��� ���� ODW�

'OD SRUÕZQDQLD ZLHN :V]HFK�ZLDWD a���� ODW�

&]\ WR PD VHQV"

7$.� 3RWUDILP\ QDZHW WDNL F]DV ]PLHU]\È�

'HWHNWRU 6XSHU�.DPLRNDQGH ]DZLHUD �� ��� WRQ ZRG\�

F]\OL a���� SURWRQÕZ� �UHGQLR SRZLQLHQ ZLÌF
REVHUZRZDÈ ��� ��� UR]SDGÕZ URF]QLH�
3U]H] URN QLH ]DREVHUZRZDQR ¡DGQHJR�
&]DV ¡\FLD SURWRQX MHVW ]DWHP ]QDF]QLH G�X¡V]\�

:VSÕ�F]HVQH WHRULH VXSHUV\PHWU\F]QH SU]HZLGXM�

F]DV ¡\FLD SURWRQX a���� ODW�

6XSHU�.DPLRNDQGH ]EOL¡D VLÌ GR WHM JUDQLF\�

5R]SDG�SURWRQX



3UDZGRSRGRELHÓVWZR RG]LD�DQLD QHXWULQD ] PDWHUL� MHVW
WDN PD�H� ¡H QHXWULQR PR¡H SU]HOHFLHÈ SU]H] =LHPLÌ
uQLH ]DXZD¡\ZV]\v MHM�

1LH PD ZLÌF V]DQV QD EH]SR�UHGQLH ]DREVHUZRZDQLH
SRMHG\QF]HJR QHXWULQD� -HJR REHFQR�È PR¡HP\ MHGQDN
UR]SR]QDÈ SR uEUDNXM�FHM HQHUJLLv�

-H¡HOL VWUXPLHÓ QHXWULQ MHVW EDUG]R VLOQ\� D GHWHNWRU
GRVWDWHF]QLH GX¡\� WR QLHNWÕUH ] QLFK RGG]LD�DM�� QS�
]PLHQLDM�F QHXWURQ Z SURWRQ�HOHNWURQ� OXE Z\ELMDM�F
HOHNWURQ ] DWRPX�

'HWHNWRU\ WDNLH MDN ,0% F]\ .DPLRNDQGH REVHUZXM�
QHXWULQD Z\SURGXNRZDQH Z DWPRVIHU]H SU]H]
SURPLHQLRZDQLH NRVPLF]QH� PLHU]� VWUXPLHÓ QHXWULQ
V�RQHF]Q\FK� D QDZHW Z ���� ]DUHMHVWURZD�\ QHXWULQD ]
Z\EXFKX VXSHUQRZHM RGOHJ�HM R ��� ��� ODW �ZLHWOQ\FK�

�'HOWD �������

'HWHNFMD�QHXWULQ



: SUDNW\FH EH]SR�UHGQLHM GHWHNFML SRGOHJDM� MHG\QLH

γ��H±��S±��Q��µ±��π±��.±��.�
/�

,QQH F]�VWNL EDGDP\ REVHUZXM�F SURGXNW\ LFK UR]SDGX�

F]�VWND F]DV ¡\FLD τ F ⋅ τ
IRWRQ γ ∞ ∞
HOHNWURQ H− ∞ ∞

QHXWULQR ν ∞ ∞
SURWRQ S+ >1.6 ⋅1033 lat ∞

QHXWURQ Q 887 s 2.7 ⋅108 km

PLRQ µ− 2.2 ⋅10−6 s 659 m

SLRQ π� 2.6 ⋅10−8 s 7.8 m

NDRQ .� 1.2 ⋅10−8 V 3.7 m

NDRQ .�
/ 5.2 ⋅10−8 s 15.5 m

NDRQ .�6 0.9 ⋅10−10 s 2.7 cm

Λ0 Σ+ Ξ0− Ω− ... ~ 10−10 s ~ 3 cm

'0+ %0+ ΛF
� ΛE

� ~ 10−12 s ~ 300 µm

SLRQ π� 8.4 ⋅10−17 s 25 nm

η,ψ, UH]RQDQVH <10−19 s —

&]�VWNL�G�XJR¡\FLRZH



3RPLDU SUÄGNR�FL

0R¡OLZ\ W\ONR GOD F]�VWHN R QLH]E\W GX¡HM HQHUJLL
SRUXV]DM�F\FK VLÌ ] SUÌGNR�FL� LVWRWQLH PQLHMV]� RG F�

• F]DV SU]HORWX PLÌG]\ GZRPD OLF]QLNDPL ∆W G�Y
• N�W VWR¡ND SURPLHQLRZDQLD &]HUHQNRZD VLQθ Y

F
�Y

3RPLDU SÄGX

3URPLHÓ NU]\ZL]Q\ WRUX Z SROX PDJQHW\F]Q\P

5  S � ��� % >5@ P� >S@ *H9� >%@ 7

7RU PR¡H E\È

• ]DREVHUZRZDQ\ EH]SR�UHGQLR Z HPXOVML
IRWRJUDILF]QHM� NRPRU]H PJ�RZHM OXE SÌFKHU]\NRZHM�

• Z\]QDF]RQ\ SU]H] V]HUHJ SXQNWÕZ ]PLHU]RQ\FK
—GHWHNWRUHP PLNURSDVNRZ\P OXE PR]DLNRZ\P
—NRPRU� GUXWRZ�

3RPLDU HQHUJLL

(OHNWURQ L IRWRQ uJU]Ì]Q�v Z PDWHULL Z\ZR�XM�F NUÕWN�
NDVNDGÌ HOHNWURPDJQHW\F]Q��

+DGURQ\ �S� Q� π� .� Z\ZR�XM� NDVNDGÌ KDGURQRZ��

/LF]ED F]�VWHN Z NDVNDG]LH MHVW SURSRUFMRQDOQD GR
HQHUJLL F]�VWNL SLHUZRWQHM�

'R MHM ]PLHU]HQLD PR¡H V�X¡\È

• VF\QW\ODWRU ] IRWRSRZLHODF]HP OXE IRWRGLRG�
• NRPRUD SURSRUFMRQDOQD

=HVSÕ� WDNLFK GHWHNWRUÕZ PLHU]�F\ HQHUJLÌ QD]\ZDP\
NDORU\PHWUHP�

&]�VWNL�G�XJR¡\FLRZH



&]�VWNL G�XJR¡\FLRZH LGHQW\ILNXMHP\ REVHUZXM�F MDN
RG]LD�\ZXM� ] PDWHUL��

• F]�VWND QD�DGRZDQD y �ODG
• HOHNWURQ� IRWRQ y NDVNDGD HOHNWURPDJQHW\F]QD
• KDGURQ �S� Q� π� .� y NDVNDGD KDGURQRZD

'HWHNWRU XQLZHUVDOQ\ VN�DGD VLÌ ZLÌF ]Z\NOH ] � F]Ì�FL�

• ZHZQÌWU]Q\ GHWHNWRU �ODGRZ\ �uWUDNHUv�
• NDORU\PHWU HOHNWURPDJQHW\F]Q\
• NDORU\PHWU KDGURQRZ\
• ]HZQHWU]Q\ GHWHNWRU �ODGRZ\ �GHW� PLRQRZ\�

2EHFQR�È QHXWULQD PR¡QD UR]SR]QDÈ MHG\QLH SR
uEUDNXM�FHM HQHUJLLv y SR]RUQ\P ]�DPDQLX ]DVDG\
]DFKRZDQLD�

3URWRQ� NDRQ L SLRQ PR¡QD RGUÕ¡QLÈ Z\]QDF]DM�F PDVÌ
F]�VWNL� ]PLHU]\ZV]\ XSU]HGQLR MHM HQHUJLÌ L SÌG�

P�  (��F� − S��F�

γ H ν S�π�. Q µ
WUDNHU − + − + − +
NDORU\PHWU HOHNWURPDJ� + + − − − −
NDORU\PHWU KDGURQRZ\ − − − + + −
GHWHNWRU PLRQRZ\ − − − − − +

,GHQW\ILNDFMD�F]�VWHN



,GHQW\ILNDFMD�F]�VWHN
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5  m

ALEPH

HCAL

ECAL

TPC

Muon Chambers

Coil

TPC

ITC
VDET

Tube
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-DN ]DREVHUZRZDÈ F]�VWNL� NWÕUH ZRJÕOH QLH PRJ� LVWQLHÈ
VDPRG]LHOQLH� MDN QS� NZDUNL L JOXRQ\"

1RZRSRZVWD�\ NZDUN SRZR�XMH ] SUÕ¡QL GR LVWQLHQLD SDU\
NZDUN�DQW\NZDUN NRV]WHP VZRMHM HQHUJLL�
��F]\ VLÌ ] MHGQ\P OXE GZRPD ] QLFK WZRU]�F KDGURQ�
3R]RVWD�H NZDUNL WZRU]� NROHMQH SDU\� D¡ GR Z\F]HUSDQLD
HQHUJLL L SR��F]HQLD ZV]\VWNLFK VZRERGQ\FK NZDUNÕZ
Z KDGURQ\�
3RZVWD�\ VWUXPLHÓ KDGURQÕZ QD]\ZDP\ G¡HWHP�

*OXRQPR¡H UÕZQLH¡ GDÈ SRF]�WHN SDU]H NZDUN�DQW\NZDUN
L XWZRU]\È G¡HW�

.ZDUNL�L�JOXRQ\

=�→�T�T

��G¡HW\

=�→�T�T�J�

��G¡HW\



&]�VWNL NUÕWNR¡\FLRZH EDGDP\ REVHUZXM�F SURGXNW\ LFK
UR]SDGX� -H¡HOL ]QDP\ HQHUJLH L SÌG\ F]�VWHN ZWÕUQ\FK
WR ] ]DVDG ]DFKRZDQLD PR¡HP\ Z\OLF]\È HQHUJLÌ� SÌG
L PDVÌ F]�VWNL SLHUZRWQHM�

-HVW WR VWDQGDUGRZD PHWRGD RGNU\ZDQLD QRZ\FK
F]�VWHN�

�� =DVWDQDZLDP\ VLÌ QD MDNLH F]�VWNL PRJ�DE\ VLÌ RQD
UR]SDGDÈ�

�� 'OD ND¡GHJR SU]\SDGNX� Z NWÕU\P WDNLH F]�VWNL
SRMDZL�\ VLÌ Z\OLF]DP\ PDVÌ KLSRWHW\F]QHM F]�VWNL
SLHUZRWQHM L ]D]QDF]DP\ M� QD Z\NUHVLH�

-H¡HOL U]HF]\ZL�FLH E\�D RQD Z\WZRU]RQD Z F]Ì�FL
REVHUZRZDQ\FK SU]\SDGNÕZ� WR QD WOH SU]\SDGNRZ\FK
NRPELQDFML GDM�F\FK UR]PDLWH PDV\ SRMDZL VLÌ uSLNv
Z PLHMVFX PDV\ SRV]XNLZDQHM F]�VWNL�

&]�VWNL�NUÕWNR¡\FLRZH



5HNRQVWUXNFMD�]GDU]HQLD



5HNRQVWUXNFMD�]GDU]HQLD
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if M
H
 is in the range 80 – 140 GeV.  

The high performance PbWO
4
 crystal 

electromagnetic calorimeter in CMS 
has been optimized for this search.  
The γγ  mass resolution at  Mγγ ~ 100 
GeV is better than 1%, resulting in a 
S/B of ≈1/20 
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3UHF\]\MQ\�SRPLDU�
HQHUJLL�L�NLHUXQNX�IRWRQyZ�
SR]ZDOD�]UHNRQVWUXRZDü
PDV
�0+a��� *H9

] GRNáDGQR�FL��GR����
L Z\GRE\ü�V\JQDá�
VSRG�ROEU]\PLHJR�WáD�

+�→ γγ  (�����0+������*H9)



p pH

µ+

µ-

µ+

µ-

Z

Z

In the M
H
 range 130 - 700 GeV the most 

promising channel is H0 → ZZ*→ 2,+  2,–
 

or H0 → ZZ → 2,+  2,– . The detection 
relies on the excellent performance of the
muon chambers, the tracker and the 
electromagnetic calorimeter.  
For  M

H
 ≤ 170 GeV a mass resolution of 

~1 GeV should be achieved with the 
combination of the 4 Tesla magnetic field
and the high resolution of the crystal 
calorimeter
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3U]\SDGNX� ]� F]WHUHPD� Z\VRNR�
HQHUJHW\F]Q\PL�OHSWRQDPL��H�OXE�µ�
QLH�GD�VL
�QLH�]DXZD*\ü�

=ZáDV]F]D� SHZQD� LGHQW\ILNDFMD
PLRQyZ� ��]áRW\� NDQDá��� SR]ZDOD
QLHPDO�FDáNRZLFLH�Z\HOLPLQRZDü�WáR�

3UHF\]MD��

σ �0+a����*H9�� ���*H9�

+�→ ==�
��→���OHSWRQ\  (����0+�����*H9)



&RPSDFW�0XRQ�6ROHQRLG

NRPRU\ PLRQRZH

NDORU\PHWU

KDGURQRZ\

VROHQRLGNDORU\PHWU HOHNWURPDJ�

ZHZQÌWU]Q\

GHWHNWRU

�ODGRZ\

MDU]PR

PDJQHVX



(NVSHU\PHQW�&06

� ����� WRQ� ��[�� P� ��� POQ NDQDáyZ HOHNWURQLNL
� ���� IL]\NyZ ] �� SD�VWZ
� SURMHNW L EXGRZD ���������

&(51� *HQHZD


