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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
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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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*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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l

l

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�/+&





3U]\N�DG\ WHFKQLN GHWHNF\MQ\FK�

&]�VWND MRQL]XM�F R�URGHN SR]RVWDZLD �ODG Z HPXOVML
IRWRJUDILF]QHM� SU]HJU]DQHM FLHF]\ �NRPRUD :LOVRQD��
SU]HFK�RG]RQ\P JD]LH �NRPRUD SÌFKHU]\NRZD��

&]�VWND SU]HFKRG]�FD SU]H] SÕ�SU]HZRGQLN WZRU]\ SDU\
HOHNWURQ�G]LXUD� 3RZRGXMH WR SU]HS�\Z UHMHVWURZDOQHJR
SU�GX y GHWHNWRU\ NU]HPRZH PR]DLNRZH L PLNURSDVNRZH�

&]�VWND MRQL]XMH JD] PLÌG]\ GZRPD HOHNWURGDPL
R Z\VRNLP QDSLÌFLX� 1DVWÌSXMH Z\�DGRZDQLH GDM�FH
PLHU]DOQ\ LPSXOV HOHNWU\F]Q\ y NRPRU\ ZLHORGUXWRZH�
GU\IRZH� ] VHJPHQWRZQ� NDWRG�� 53&�

&]�VWND SU]HFKRG]�FD SU]H] QLHNWÕUH VXEVWDQFMH � 1D,�
SREXG]D DWRP\� NWÕUH QDVWÌSQLH HPLWXM� �ZLDW�R �IRWRQ\�
y OLF]QLNL VF\QW\ODF\MQH�
�ZLDW�R WR MHVW UHMHVWURZDQH SU]H] IRWRF]X�H HOHPHQW\
HOHNWURQLF]QH y IRWRSRZLHODF]H� IRWRGLRG\�

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

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

'HWHNWRU\



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\ − − − − − +
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The Compact Muon Solenoid CMS experiment at
CERN Large Hadron Collider LHC
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The CMS detector will be built around a high-field superconducting solenoid (4 T) leading to a compact design for the muon 
spectrometer, hence the name Compact Muon Solenoid (CMS). In order to detect signatures of new physics efficiently, 
identification and precise measurement of muons, photons, and electrons have been emphasized in the design considerations of 
CMS. 
The long solenoid allows efficient measurement of forward muons. Muons see the full bending power of the solenoid up to a rapidity 
of 1.5. For the rapidity range 1.5 <|h|< 2.5 they are still measured in the inner tracker and in the four forward muon stations (MF1 to 
MF4). There is enough bending power to maintain good resolution up to a rapidity of 2.5. The muon rate in the forward region is 
dominated by low pt muons from p/K decays in the inner tracking volume. The forward muon trigger system consists of small pads 
designed to reduce effectively the high rate of low pt muons. 
The combined muon momentum resolution is better than 3% at 0.4 TeV in the central rapidity region |h| < 2.5, degrading to 5% at 2 
TeV. Low-momentum ( p < 100 GeV) muons are measured before the absorber with a precision of about 1% up to a rapidity of 2.5.
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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
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s

µ
4

3
2
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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
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���QDáR*RQ\FK�]GHU]H��SS��
ZLG]LDQ\FK�SU]H]�ZHZQ
WU]Q��F]
�ü�NU]HPRZHJR�GHWHNWRUD�
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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
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LQVW\WXFML� ���

NUDMÕZ� ��

UR]SRF]ÌFLH SURMHNWRZDQLD� URN ����

SODQRZDQH XUXFKRPLHQLH� URN ����

]DNRÓF]HQLH DQDOL]\ GDQ\FK� URN ����"

PDVD� �� ��� WRQ

�UHGQLFD� �� P

G�XJR�È� �� P

SU�G PDJQHVX QDGSU]HZRG]�FHJR� ���� $

SROH PDJQHW\F]QH� �7  �� ��� [ ]LHPVNLH �:�ZD�

SUHF\]MD SRPLDUX WRUX F]�VWNL� ������ µP

OLF]ED ]GHU]HÓ SS� PLOLDUG�V  �����URN

OLF]ED NDQD�ÕZ HOHNWURQLNL� ��� ��� ���

VWUXPLHÓ GDQ\FK SU]HWZDU]DQ\FK� ��� *ELWÕZ�V

VWUXPLHÓ GDQ\FK ]DSLVDQ\FK� ��� 0%�V  �� ��� *%�G]LHÓ

PRF REOLF]HQLRZD� � ��� ��� 0,36

(NVSHU\PHQW�&06�Z�OLF]EDFK



0RW\Z ]DVDGQLF]\�

/XG]NLH G�¡HQLH GR SR]QDQLD L ]UR]XPLHQLD �ZLDWD�

1DXND MDNR MHGHQ ] SRGVWDZRZ\FK VN�DGQLNÕZ NXOWXU\�

³3URGXNW XERF]Q\´�

5R]ZÕM WHFKQLN DNFHOHUDWRURZ\FK L GHWHNWRURZ\FK�

=DVWRVRZDQLD Z PHG\F\QLH� SU]HP\�OH� NU\PLQDOLVW\FH�
DUFKHRORJLL�

'DOHND SHUVSHNW\ZD

3UDNW\F]QH ]DVWRVRZDQLD RGNU\È &06�/+& SU]\MG� ]D
������ ODW� DOH SU]\MG� QD SHZQR�

3U]\N�DG\ ] KLVWRULL�

• )DUDGD\ �a����� y SROH HOHNWU\F]QH L PDJQHW\F]QH
—G]L� QLH Z\REUD¡DP\ VRELH ¡\FLD EH] HOHNWU\F]QR�FL

• 0HFKDQLND NZDQWRZD �a�����
—HOHNWURQLND� NRPSXWHU\� ���

&R�]�WHJR�PDP\"


