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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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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
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Wielki Wybuch Inflacja Anihilacja Bariogeneza Nukleosynteza Rekombinacja
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0RGHO 6WDQGDUGRZ\ �60� GREU]H RSLVXMH RGG]LD�\ZDQLD
HOHNWURV�DEH L VLOQH� 'RW\FKF]DV QLH ]DREVHUZRZDQR
¡DGQ\FK ]QDF]�F\FK RGFK\OHÓ RG MHJR SU]HZLG\ZDÓ
�SUÕF] ]DJDGNL QHXWULQ��

0D MHGQDN ZDG\�

• a�� ZROQ\FK SDUDPHWUÕZ

• PDV\ F]�VWHN JHQHURZDQH V� SU]H] PHFKDQL]P
+LJJVD QLH Z\MD~QLRQ\ ZHZQ�WU] 60

• F]�VWND +LJJVD QLH ]RVWD�D �MHV]F]H"� RGNU\WD

• 60 QLH Z\MD�QLD WH¡
—LVWQLHQLD WU]HFK SRNROHÓ IHUPLRQÕZ
—PLHV]DQLD SRPLÌG]\ SRNROHQLDPL

6WUDWHJLD QD QDMEOLôV]� SU]\V]åRx��

• ]QDOH�È F]�VWNH +LJJVD OXE Z\NOXF]\È MHM LVWQLHQLH
Z REV]DU]H GRSXV]F]DOQ\P SU]H] WHRULÌ �a� 7H9�

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

• SRV]XNLZDÈ QRZ\FK F]�VWHN �a�� *H9 y a� 7H9�

3RWU]HEQH QDU]�G]LD

• DNFHOHUDWRU

—GX¡D HQHUJLD
—V]HURNL ]DNUHV HQHUJLL
—GX¡D �ZLHWOQR�È

• GHWHNWRU\
—XQLZHUVDOQR�È �H� γ� µ� G¡HW\� EUDNXM�FD HQHUJLD�
—JUDQXODUQR�È �GX¡D OLF]ED F]�VWHN�
—V]\ENR�È �GX¡D �ZLHWOQR�È�

6\WXDFMD�REHFQD



:\NUHV�/LYLQJVWRQD

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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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
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SROH�PDJ� ����7

�ZLHWOQR�ü ����FP��V��

��SDF]HN ��×�����
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RGVW
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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�/+&



particle mass (GeV)

σ rate ev/yearLHC √s=14TeV L=1034cm-2s-1
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:�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



&]�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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elektromag.
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&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
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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
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3ROH�PDJQ� ��7HVOH



&]�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
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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 

4000

5000

6000

7000

8000

110 120 130 140

E
ve

nt
s/

50
0 

M
eV

 fo
r 

10
0 

fb
–1

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
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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)



7HRULH�VXSHUV\PHWU\F]QH�]DNáDGDM���*H�ND*GD�]QDQD�
�G]LVLDM��F]�VWND�PD��MHV]F]H��QLHRGNU\WHJR�SDUWQHUD�

IHUPLRQ��VSLQ�SRáyZNRZ\��⇔�ER]RQ��VSLQ�FDáNRZLW\�

$WUDNF\MQR�ü�VXSHUV\PHWULL�

• HOHJDQFMD�V\PHWULL

• Z\MD�QLHQLH�PDáHM�PDV\�KLJJVD

• NURN�Z�VWURQ
�:LHONLHM�8QLILNDFML

• PR*OLZR�ü�Z\MD�QLHQLD�FLHPQHM�PDWHULL�ZH�
:V]HFK�ZLHFLH��QHXWUDOLQR�

1DMSURVWV]\�]�PRGHOL��

�0LQLPDO�6\SHUV\PPHWULF�6WDQGDUG�0RGHO���0660���

SU]HZLGXMH�LVWQLHQLH�SL
FLX��ER]RQyZ�+LJJVD�

K0���+0���$0���++���+−

6XSHUV\PHWULD



Jet1
Jet2
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Emiss > 100 GeVt

p  1,2 > 15 GeV
t

 Lint = 103  pb-1

M  (  +  -), GeV

Inclusive   ,+,–+ Emiss  final states t

m0 = 200 GeV, m1/2 = 160 GeV,
tanβ = 2,  A0 = 0,  µ<0

mSUGRA parameters

Production of sparticles may reveal 
itself though some spectacular 
kinematical spectra, with a 
pronounced "edge" in the  ,+, –  mass 
spectrum reflecting χ

2
0 → ,+, – χ

1
o

 

production and decay.   
An example of such a spectrum in 
inclusive ,+, – + E

t
miss  and of a 3 ,±

  

production event are shown below

SUSY event with 
3 leptons + 2 Jets signature

p p

e- ν
e

µ+

µ−

q

q
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χ
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g~
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χ
2

0~

q~

χ
1

0~

χ
1

0~

,VWQLHQLH�VXSHUF]�VWHN�SRZLQQR�
SU]HMDZLü�VL
�ERJDFWZHP�
VSHNWDNXODUQ\FK�SURFHVyZ�
] EUDNXM�F��HQHUJL���REILWXM�F\FK�
Z Z\VRNRHQHUJHW\F]QH�G*HW\�
L OHSWRQ\�R�QLHW\SRZ\FK�VSHNWUDFK�

3U]\NáDG�

�XUZDQ\��UR]NáDG�0""�Z�UR]SDG]LH

�→� �"+
"

−�χ0

2
χ0

1

6XSHUF]�VWNL



GHWHNWRU O��NDQDáyZ ]DM
WR�ü SU]\SDGHN

PR]DLNRZ\ ���������� ������ ����N%

PLNURSDVNRZ\ ���������� ��� ����N%

wczesnych kaskad ������� ���� ���N%
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• ]DUHMHVWURZDQ\FK�GDQ\FK
• VWDQX�GHWHNWRUD
• EDGDQHM�IL]\NL
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16 Million channels

Charge  Time Pattern

MHz 
LLISION RATE

100 kHz 
EL-1 TRIGGER

1 Megabyte EVENT

200 Gigabyte BUF
500 Readout memori e

3 Gigacell buffers

0 Gigabit/s 

5 TeraIPS

Gigabit/s 
SERVICE LAN

Petabyte  ARCHIVE

Energy Tracks

100 Hz
TERED EVENT

EVENT BUILDER.  A large
switching network (512+512 ports) w
throughput of approximately 500 Gbit
the interconnection between the sour
(Readout Dual Port Memory) and the
destinations (switch to Farm Interface
Event Manager collects the status an
request of event filters and distributes
building commands (read/clear) to RD

EVENT FILTER.  It consists 
of high performance commercial proc
organized into many farms convenien
on-line and off-line applications.  The 
architecture is such that a single CPU
processes one event

DYSTRYBUTOR

1 Terabit/s 
A CHANNELS)
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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�
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• VWHURZDQLH SU]HS�\ZHP ROEU]\PLHM LOR�FL GDQ\FK
��� *ELWV�V

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

VHOHNFMD �����
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• VXSHU�SRMHPQD SDPLÌÈ PDVRZD � 3%�URN
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