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

: VW\F]QLX ���� Z 2�URGNX %DGDÓ -�GURZ\FK Z 'XEQHM
SRG 0RVNZ� Z\WZRU]RQR SLHUZLDVWHN ����

=JRGQLH ] SU]HZLG\ZDQLDPL MHVW Z\M�WNRZR WUZD�\ y
UR]SDGD VLÌ QD SLHUZLDVWHN ��� SR F]DVLH a��V�

3LHUZLDVWND ��� MHV]F]H QLH XGD�R VLÌ Z\WZRU]\È�

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
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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



10-43 s  10-32 s  10-10 s  10-4 s  100 s  300000 lat 

10-35 m 10-32 m 10-18 m 10-16 m 10-15 m 10-10 m
1019 GeV 1016 GeV 102 GeV 1 GeV 1 MeV 10 eV

8QLILNDFMD�RGG]LDá\ZD�

Wielki Wybuch Inflacja Anihilacja Bariogeneza Nukleosynteza Rekombinacja
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4&'���FKURPRG\QDPLND�NZDQWRZD
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10-15 m

10-16 m

10-18 m

λ = h / p

e-u

γe+
 

e-

γ

.UyWND�KLVWRULD�IL]\NL

��������
PHFKDQLND�NZDQWRZD�
IL]\ND�DWRPRZD

�������
HOHNWURG\QDPLND
NZDQWRZD

�������
M�GUD��KDGURQ\�
WHRULH�SROD

�������
NZDUNL��WHRULH�SROD
]�FHFKRZDQLHP

���������636
4&'��XQLILNDFMD�
HOHNWURVáDED

������/(3
��URG]LQ\�IHUPLRQyZ

������7HYDWURQ
NZDUN�WRS

������/+&
KLJJV"�686<"

""��HNVS��SRG]LHPQH"
:LHOND�8QLILNDFMD"

""��""
JUDZLWDFMD�NZDQWRZD"
VXSHUVWUXQ\"

SRFKRG]HQLH�
PDV

UR]SDG�
SURWRQX"

SRF]�WHN�
:V]HFK�ZLDWD

3 leptony

3 kwarki
x3 kolory

10-10m <10eV 3.107lat

10-15m MeV-GeV 3 min.

10-16m >>GeV 10−6s

10-18m 100 GeV 10−10s

10-19m 103GeV 10−12s

10-32m 1016GeV 10−32s

10-35m 1019GeV 10−43s



*UDZLWDFMD y RJÕOQD WHRULD Z]JOÌGQR�FL

GREU]H SRWZLHUG]RQD� DOH SUÕE\ XQLILNDFML ] LQQ\PL
RG]LD�\ZDQLDPL MHV]F]H QLH XZLHÓF]RQH VXNFHVHP

(OHNWURPDJQHW\]P y HOHNWURG\QDPLND NZDQWRZD

QDMGRN�DGQLHMV]D ]H ]QDQ\FK WHRULL� VSUDZG]RQD GR ��−��

7HRULD RG]LD�\ZDÓ HOHNWURV�DE\FK

VSUDZG]RQD GR ����
DOH QLH Z\MD�QLD GODF]HJR F]�VWNL PDM� PDVÌ

QDMOHSV]\ SRP\V�� PHFKDQL]P +LJJVD�

DOH SU]HZLG\ZDQD F]�VWND +LJJVD MHV]F]H QLH RGNU\WD

2G]LD�\ZDQLD VLOQH y FKURPRG\QDPLND NZDQWRZD

GREU]H SUDFXMH Z GX¡\FK HQHUJLDFK�

DOH QLH XPLHP\ Z\NRQDÈ UDFKXQNÕZ GOD PD�\FK HQHUJLL

3R��F]HQLH WHRULL RG]LD�\ZDÓ HOHNWURV�DE\FK
�� PHFKDQL]P +LJJVD� ] FKURPRG\QDPLN� NZDQWRZ�

0RGHO�6WDQGDUGRZ\

]QDNRPLFLH RSLVXMH Z\QLNL ZV]\VWNLFK HNVSHU\PHQWÕZ�

DOH ��� MHVW DTDT\\[FMK[FMK�

2EHFQ\�VWDQ�ZLHG]\



:DG\�

• PD RN� �� ZROQ\FK SDUDPHWUÕZ� NWÕU\FK ZDUWR�FL
WU]HED ��Z�R¡\È ] ]HZQ�WU]v

• QLH Z\MD�QLD GR NRÓFD GODF]HJR F]�VWNL PDM� PDV\
—PHFKDQL]P +LJJVD ��SU]\NOHMRQ\ SODVWUHPtt
—F]�VWNL +LJJVD MHV]F]H QLH RGNU\WR

• QLH W�XPDF]\ WU]HFK SRNROHÓ NZDUNÕZ L OHSWRQÕZ

1DG]LHMD�

• 6\PHWU\F]QD VWUXNWXUD 0RGHOX 6WDQGDUGRZHJR
VXJHUXMH� ¡H XNU\ZD VLÌ ]D QL� MDND� EDUG]LHM RJÕOQD�
D ]DUD]HP SURVWV]D WHRULD
SRGREQLH MDN ]D 7DEOLF� 0HQGHOHMHZD NU\�D VLÌ
VWUXNWXUD DWRPX� D ]D PXOWLSOHWDPL F]�VWHN RGNU\W\FK
Z ODWDFK ����� y PRGHO NZDUNRZ\

6WUDWHJLD QD SU]\V]�R�È�

• ]QDOH�È F]�VWNÌ +LJJVD OXE Z\NOXF]\È MHM LVWQLHQLH

• SRV]XNLZDÈ QRZ\FK F]�VWHN

• SRV]XNLZDÈ RGFK\OHÓ RG 0RGHOX 6WDQGDUGRZHJR

0RGHO�6WDQGDUGRZ\



1RZH F]�VWNL PR¡QD Z\WZRU]\È ]GHU]DM�F UR]SÌG]RQH
GR ROEU]\PLFK HQHUJLL HOHNWURQ\ OXE SURWRQ\�

'R UR]SÌG]DQLD V�X¡� DNFHOHUDWRU\�

3URGXNW\ ]GHU]HQLD V� UHMHVWURZDQH SU]H] GHWHNWRU\�

1LHNWÕUH F]�VWNL ¡\M� WDN NUÕWNR ����−��V�� ¡H R LFK
LVWQLHQLX PR¡QD VLÌ GRZLHG]LHÈ MHG\QLH EDGDM�F EDUG]LHM
VWDELOQH F]�VWNL SRZVWD�H Z Z\QLNX LFK UR]SDGX�

$.&(/(5$725<

:H ZVSÕ�F]HVQ\FK DNFHOHUDWRUDFK F]�VWNL QD�DGRZDQH
SU]\VSLHV]DQH V� QD ]ERF]X ELHJQ�FHM IDOL
HOHNWURPDJQHW\F]QHM
SRGREQLH MDN GHVND VXUILQJRZD QD IDOL PRUVNLHM�

)DOD WD MHVW Z\WZDU]DQD ZH ZQÌNDFK UH]RQDQVRZ\FK�

$E\ WH VDPH ZQÌNL Z\NRU]\VWDÈ ZLHOH UD]\ PR¡QD
SU]\VSLHV]DÈ F]�VWNL Z]G�Õ¡ RUELW\ ]DPNQLÌWHM�

7RU\ F]�VWHN ]DNU]\ZLDQH V� ZWHG\ ]D SRPRF�
PDJQHVÕZ�

'R EDGDÓ PR¡QD WH¡ Z\NRU]\VWDÈ SURPLHQLRZDQLH
NRVPLF]QH GRFLHUDM�FH GR =LHPL�

1DU]ÄG]LD�EDGDZF]H
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8*\FLH�FRUD]�WR�QRZ\FK�WHFKQRORJLL�XPR*OLZLD�V]\ENL�
Z]URVW�PR*OLZRVFL�DNFHOHUDWRUyZ�

=DVWRVRZDQLH�PDJQHVyZ�QDGSU]HZRG]�F\FK�Z�
LVWQLHM�F\P�WXQHOX�/(3��&(51��*HQHZD��SR]ZROL�

]GHU]Dü�SURWRQ\�]�  ���7H9�
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jet

produkty
zderzenia

jet

Proton-Proton
Protons/bunch
Beam energy 
Luminosity 

Crossing rate 

Collisions  ≈ 

Zo

Zo

partony
(kwarki, gluony)

protony

paczki

Higgs

e+

e+

e-

e-

HQHUJLD ����7H9

REZyG ���NP

SROH�PDJ� ����7

�ZLHWOQR�ü ����FP��V��

��SDF]HN ��×�����
�S���SDF]ND ����

SU]HFL
FLD�SDF]HN�

F]
VWR�ü ���0+]

RGVW
S ���QV

F]\OL ����P

3U]\�QRPLQDOQHM��ZLHWOQR�FL�Z�ND*G\P�SU]HFL
FLX�
SDF]HN�]DMG]LH�������]GHU]H��SURWRQ�SURWRQ�

=GHU]HQLD�SURWRQ�SURWRQ�Z�/+&
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3U]\N�DG\ WHFKQLN GHWHNF\MQ\FK�

&]�VWND SR]RVWDZLD �ODG Z HPXOVML IRWRJUDILF]QHM�

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

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

&]�VWND SU]HFKRG]�FD SU]H] QLHNWÕUH VXEVWDQFMH � 1D-�
SREXG]D DWRP\� NWÕUH QDVWÌSQLH HPLWXM� �ZLDW�R �IRWRQ\��
�ZLDW�R WR MHVW UHMHVWURZDQH SU]H] IRWRF]X�H HOHPHQW\
HOHNWURQLF]QH�

&]�VWND Z\V\�D WH¡ IRWRQ\ �W]Z� SURPLHQLRZDQLH
&]HUHQNRZD� MH¡HOL SRUXV]D VLÌ Z R�URGNX V]\EFLHM QL¡
�ZLDW�R�

:VSÕ�F]HVQH HNVSHU\PHQW\ IL]\NL F]�VWHN VWRVXM�
NRPELQDFMH ZLHOX HOHPHQWÕZ G]LD�DM�F\FK QD UÕ¡Q\FK
]DVDGDFK�

'HWHNWRU\



&RPSDFW�0XRQ�6ROHQRLG���WR�GHWHNWRU�SU]H]QDF]RQ\�GR�
EDGDQLD�]GHU]H��SURWRQ�SURWRQ�Z�DNFHOHUDWRU]H�/+&�

3RGVWDZRZH�]DáR*HQLD�SURMHNWRZH�

�� %DUG]R�GREU\�V\VWHP�PLRQRZ\
—SUHF\]MD�SRPLDUX��KHUPHW\F]QR�ü��UHGXQGDQFMD

�� 1DMOHSV]\�PR*OLZ\�NDORU\PHWU�HOHNWURPDJQHW\F]Q\
—]GROQR�ü�UR]G]LHOF]D��MHGQRURGQR�ü��JUDQXODUQR�ü

�� :\VRNLHM�MDNR�FL�GHWHNWRU�FHQWUDOQ\
—J
VWR�ü�SUyENRZDQLD��SUHF\]MD�SRPLDUX

�� +HUPHW\F]Q\�NDORU\PHWU�KDGURQRZ\

(NVSHU\PHQW�&06

� � � �



MUON BARREL

CALORIMETERS
 

Micro Strip Gas Chambers (MSGC)
Silicon Microstrips
Pixels 

HCAL  Plastic scintillator 
copper 

sandwich

ECAL  Scintillating PbWO4 

Crystals 

 Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

Drift Tube 
Chambers (DT) 

Resistive Plate 
Chambers (RPC)

strips

w
ire

s

µ
4

3
2

1

Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

SUPERCONDUCTING 
COIL

IRON YOKE

TRACKER

MUON ENDCAPS

%XGRZD�GHWHNWRUD�&06

:DJD �������WRQ
�UHGQLFD ���P
'áXJR�ü ���P
3ROH�PDJQ� ��7HVOH



:�FL�JX����ODW�SUDF\�/+&�]DMG]LH������]GHU]H��SS�

=DREVHUZRZDQLH����³HJ]RW\F]Q\FK´�SU]\SDGNyZ�PR*H�
VWDQRZLü�HSRNRZH�RGNU\FLH�³QRZHM�IL]\NL´�

1DOH*\�MHGQDN�XPLHü�RGV]XNDü�RZH����SU]\SDGNyZ�

Z�UyG�ZV]\VWNLFK������

6]XNDQLH�LJá\�Z�VWRJX�VLDQD"

• W\SRZD�LJáD�²���PP�

• W\SRZ\�VWyJ�VLDQD�²����P�

LJáD���VWyJ� ���������

3RV]XNLZDQLH�³QRZHM�IL]\NL´�Z�/+&�
WR�V]XNDQLH�LJá\�Z�PLOLRQLH�VWRJyZ�VLDQD�

6HOHNFMD�SU]\SDGNyZ



0RGHO 6WDQGDUGRZ\ RSLHUD VLÌ QD ]D�R¡HQLX� ¡H LVWQLHMH
F]�VWND +LJJVD� O¡HMV]D QL¡ a� 7H9�

(NVSHU\PHQWDOQLH Z\NOXF]RQR MX¡ 0+��� *H9�

-H¡HOL KLJJV QLH ]RVWDQLH RGNU\W\ SU]\ QDMZLÌNV]HM
HQHUJLL /(3 ���� *H9�� WR GR SU]HV]XNDQLD SR]RVWDQLH
REV]DU �� � 0+ � ���� *H9�

2SW\PDOQD VWUDWHJLD SRV]XNLZDQLD KLJJVD Z /+& ]DOH¡\
RG MHJR PDV\�

�� � 0+ � ��� *H9 + → γγ

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

��� � 0+ � ���� *H9 + → ==�
� → � OHSWRQ\ � � G¡HW\

3RV]XNLZDQLH�KLJJVD



 

 

p p

γ

γ

H

M
Higgs

 = 100 GeV

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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Higgs  signal

H → γγ

Mγγ  (GeV) 

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

60
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40

120 140 160 180
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E
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H→ZZ*→ 4   ± 

M
Higgs

 = 150 GeV

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)
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H→ ZZ →    jj 

p pH

jet jet

e+

e-

Z

Z

For the highest M
H
, in the range 

0.5 - 1 TeV, the promising channels 
for one year at high luminosity are 
H0 → ZZ → ,+ ,–  νν,  
H0 → ZZ → ,+ ,–  jj and 
H0 → W+ W- → ,±  ν jj .  
Detection relies on leptons, jets and 
missing transverse energy (E

t
miss), for 

which the hadronic calorimeter 
(HCAL) performance is very 
important

M
Higgs

 = 800 GeV

:�UHDNFMDFK�

+�→�==�
��→�"+
"

−��M�M

+�→�==�
��→�"+
"

−��ν ν

+�→�:+:−�→�"±�ν��M�M
NDORU\PHWU�KDGURQRZ\�PLHU]\�
HQHUJL
�G*HWyZ��M��L�EUDNXM�F��

HQHUJL
�SRSU]HF]Q��(W
PLVV��

FKDUDNWHU\VW\F]Q��GOD�QHXWULQ��ν��

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



���QDáR*RQ\FK�]GHU]H��SS��
ZLG]LDQ\FK�SU]H]�ZHZQ
WU]Q��F]
�ü�NU]HPRZHJR�GHWHNWRUD�
PLNURSDVNRZHJR�
:�UyG�QLFK�UR]SDG�F]�VWNL�+LJJVD�QD���PLRQ\�

=QDMG(���SURVWH��ODG\�

àDPLJáyZND



=UHNRQVWUXRZDQH��ODG\�R�SW�!���*H9�

:�UyG�QLFK�GREU]H�ZLGRF]QH���PLRQ\�]�UR]SDGX�+LJJVD�

5R]ZL�]DQLH�PR*OLZH�MH�OL�]DM
WR�ü�GHWHNWRUD�a��

 →�SRZLHU]FKQLD�PLNURSDVND�a�PP�

 →�!����NDQDáyZ�RGF]\WX

5R]ZL�]DQLH�áDPLJáyZNL
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0RF�REOLF]HQLRZD�SURFHVRUyZ�Z]UDVWD����UD]\�FR���ODW

3RMHPQR�ü�SDPL
FL�Z]UDVWD���UD]\�FR���ODWD

&DáD�PRF�REOLF]HQLRZD�&(51X�Z������URNX�E\áD�
PQLHMV]D�QL*�MHGQHJR�ZVSyáF]HVQHJR�NRPSXWHUD�
RVRELVWHJR�

5R]ZyM�WHFKQRORJLL



6NDOD�SU]HGVL
Z]L
FLD�Z\PDJD�DE\�SURMHNW�WHFKQLF]Q\�
E\á�JRWRZ\�QD���ODW�SU]HG�XUXFKRPLHQLHP�
HNVSHU\PHQWX�

$E\� XU]�G]HQLH� QLH� E\áR� SU]HVWDU]DáH� MX*� Z� PRPHQFLH
RGGDQLD� GR� X*\WNX�� Z� F]DVLH� SURMHNWRZDQLD� QDOH*\
SU]HZLG]LHü�L�XZ]JO
GQLü�PR*OLZ\�UR]ZyM�WHFKQRORJLL�

&Dá\�V\VWHP�Z\]ZDODQLD�L�]ELHUDQLD�GDQ\FK�&06�]DZLHUD
SRQDG��������PRGXáyZ�HOHNWURQLF]Q\FK�

-H*HOL�PRGXá�SVXáE\�VL
��UHGQLR�UD]�QD���ODWD��FRG]LHQQLH
QDOH*DáRE\�Z\PLHQLDü����PRGXáyZ�

+DUPRQRJUDP�SUDF

�� �� �� �� �� �� �� �� �� �� ��

SURMHNW�WHFKQLF]Q\

RFHQD�GRVW
SQ\FK�WHFKQRORJLL

Z\EyU�WHFKQRORJLL�
L�ILQDOQD�VSHF\ILNDFMD

SURGXNFMD�L�WHVW\

WHVW\�SURWRW\SyZ

LQVWDODFMD

URN



3UÕED RGNU\FLD u1RZHM )L]\NLv Z\PDJD
VLÌJQLÌFLD GR EDUG]R Z\VRNLFK HQHUJLL �� 7H9

L SRV]XNLZDQLD QLH]Z\NOH U]DGNLFK ]MDZLVN σaIE
3R��F]HQLH W\FK GZÕFK Z\PDJDÓ VWDQRZL Z\]ZDQLH
GOD QDMQRZRF]H�QLHMV]\FK WHFKQRORJLL
LQIRUPDW\F]Q\FK L WHOHNRPXQLNDF\MQ\FK�

Z\VRND HQHUJLD�

• GX¡D OLF]ED SURGXNRZDQ\FK F]�VWHN a����SU]\SDGHN

• SUHF\]\MQ\ SRPLDU
Z V]HURNLP ]DNUHVLH G\QDPLF]Q\P a���µ���P

SRV]XNLZDQLH U]DGNLFK ]MDZLVN�

• ROEU]\PLD F]ÌVWR�È RGG]LD�\ZDÓ a� *+]

• QDN�DGDQLH VLÌ RGG]LD�\ZDÓ �����

• PD�\ VWRVXQHN V\JQD�X GR W�D ����
��

� ����
��

Z\QLNDM�FH ] SRZ\�V]HJR Z\PDJDQLD WHFKQRORJLF]QH�

• VWHURZDQLH SU]HS�\ZHP ROEU]\PLHM LOR�FL GDQ\FK
��� *ELWV�V

• DQDOL]D SU]\SDGNÕZ Z F]DVLH U]HF]\ZLVW\P

VHOHNFMD �����

• JLJDQW\F]QD PRF REOLF]HQLRZD � 7,36

• VXSHU�SRMHPQD SDPLÌÈ PDVRZD � 3%�URN

6SHåQLHQLH W\FK Z\PDJD� SU]H] GHWHNWRU\ &06 L $7/$6

SR]ZDOD ô\ZL� QDG]LHM� QD RGNU\FLH �&]HJRx 1RZHJR� Z /+&

3RGVXPRZDQLH



(NVSHU\PHQW ��&RPSDFW 0XRQ 6ROHQRLGv &06
QD DNFHOHUHWRU]H /+& �&(51� *HQHZD��
2N� ���� IL]\NÕZ L LQ¡\QLHUÕZ ] NLONXG]LHVLÌFLX NUDMÕZ�

5RG]LQD :URFKQÕZ� 0DPD� 7DWR� $QLD� 0LFKD�� 0DUFLQ L �XNDV]

���� 5RG]L VLÌ $QLD

���� 5RG]L VLÌ 0LFKD�

���� 5R]SRF]ÌFLH SUDF SURMHNWRZ\FK� 5RG]L VLÌ 0DUFLQ�

���� %URQLÌ SUDFÌ GRNWRUVN�� 3RGHMPXMÌ SUDFÌ Z &06�

���� 3URMHNW NRQFHSF\MQ\� 5RG]L VLÌ �XNDV]� $QLD GR V]NR�\�

���� 2JÕOQ\ SURMHNW WHFKQLF]Q\� 0LFKD� GR V]NR�\�

���� 6]F]HJÕ�RZH SURMHNW\ WHFKQLF]QH� 0DUFLQ GR V]NR�\�

���� 5R]SRF]ÌFLH SURGXNFML HOHPHQWÕZ� �XNDV] GR V]NR�\�

���� 3RF]�WHN PRQWD¡X� $QLD Z OLFHXP� 0LFKD� Z JLPQD]MXP�

���� 8UXFKRPLHQLH� $QLD QD VWXGLD� 0LFKD� Z OLFHXP�

0DUFLQ L �XNDV] Z JLPQD]MXP�

���������" =ELHUDQLH GDQ\FK

���������" $QDOL]D Z\QLNÕZ

���� $QLD NRÓF]\ VWXGLD

���� 0LFKD� NRÓF]\ VWXGLD

���� 0DUFLQ NRÓF]\ VWXGLD

���� �XNDV] NRÓF]\ VWXGLD

(NVSHU\PHQW ]DNURMRQ\ QD GZD SRNROHQLD�

:V]\VF\ F]ZRUR PRJ� ]URELÈ GRNWRUDW\ Z &06�

6�XFKDF]H G]LVLHMV]HJR Z\N�DGX WH¡�

+LVWRULD�MHGQHJR�HNVSHU\PHQWX�
L MHGQHM URG]LQ\


