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FoCal is located at 7m

( )*%+,*%)-
! ./0)-'12-$%*#'%-&32,$2$'4%*"'56 ,-1'

78x9./0)-' :,*03,*%)-;
! <%32&*'=")*)-$'=3)>%$2'*)'?2','+23#'

&/2,-'=3)?2'
! @AB'=3)+%12$')==)3*0-%*#' *)',&&2$$'

$>,// Cx

!3)?%-D'$>,//Cx	32E0%32$'$2=,3,*%)-'=)423'
%-'1%32&*'=")*)-',-1'12&,#'=")*)-$'F3)>'GH

! A%D"'D3,-0/,3%*#'12*2&*)3
! :")0/1' ,//)4'I<' $")423'$",=2' ,-,/#$%$'

,-18)3' !,3*%&/2J/)4 K/D)3%*">

𝑥"#$ ≈
2𝑝(𝑒*+

𝑠--

LM!!N6H7OP'QRMSMT.

53&%1*12+&34'#(1+"2%7&3@18

6I CHUC6H7O 6



J)B,/'0=D3,12'=3)=)$,/

!3)=)$21'%-$*,//,*%)-
! !3)=)$,/ 1%$&0$$214%*"%-K@MBR
! M-@AB/)-D $"0*1)4- I
! V0*$%12'*"2'>,D-2*')F'K@MBR
! J)&,/CR'W'J)&,/CA
! !$201)3,=%1%*#'X'IYU'Z'[ Z'UYI
! \O>',4,#'F3)>'%-*23,&*%)-'=)%-*

J)B,/ $*3,4>,-'12$%D-9J)B,/CR;
! A#?3%1'/,#23$'

! 2-23D#'>2,$032>2-*W$")423'
$2=,3,*%)-

! @.'X'7�h 7'&>6P'A.'X'IH�h IH] > 6

! !,1$'W'B(V:'=%^2/'$2-$)3$
! K-,/)D'W'<%D%*,/'32,1)0*
! L0-D$*2-',?$)3?23'9IYU>>'\'7_H;

LM!!N6H7OP'QRMSMT.6I CHUC6H7O I



!3)*)*#=2'12$%D-

! `a'$2-$)3$
! 6b'$,>=/%-D' /,#23$
! I'1%FF232-*' *#=2$')F'$2-$)3$
! c X',?$)3?23'W'&))/%-D
! 6d'X0 %-'*)*,/9HY`OX08/,#23;
! 77>>'()/%e32'3,1%0$

" #$%%&%"'()

! (M(V:K C6I'!AK:R C6
! abH�h abH'=%^2/$
! 7Y`6�h 7Y`6'&>6

! I`('=%^2/$'%-'*)*,/
! ab6] $'32,1)0*' *%>2

* +,-&,)".$%")+/'&%"'()0&1*234&.((5&.(6&/(7-.8%8,'9&:)8/8/':(& ;$+%/&/8&:()#8)<&,(.()+7&=>?

LM!!N6H7OP'QRMSMT.6I CHUC6H7O b



Q2,>'*2$*$'
Utrecht

! μ
! >(1&#,%M%23(+"()3)8

FGHN/FGHI

C$1%O1+$1&*'(-8

CERN

! 1J%π (Mixed)
! >(1&#,%M%PGJ%QGJ%HGGJ%FNN%R1S

FGHNTGU/FGHNTHH

.6"+V1&*'(-

DESY

! 1

! >(1&#,%M%FJ%PJ%NJ%QTN%R1S

FGHNTGF/FGHNTGP

R1&4'(,

LM!!N6H7OP'QRMSMT.6I CHUC6H7O U



R+2-*'32&)-$*30&*%)-' ,-1'*3,&f%-D

" @$%%&A?&0-86()&)(78.0/)$7/+8.

" B/)"+,-/&%+.(&<85(%&#8)&CDE&/)"7F+.,

" CDE&/)"7F+.,&(##+7+(.7'&$:&/8&GHI
" D<:8)/"./&#8)&"%+,.<(./

" J("<&+.7%+."/+8.&78))(7/+8.

K80<+7

< $8.&(L"<:%( ( %(7/)8.&(L"<:%(

W'6%-'+'%HGG%R1S

E+8.

HGG%R1S

(

LM!!N6H7OP'QRMSMT.6I CHUC6H7O a



K/%D->2-*

" ,/%D->2-*'?,$21')-'&)$>%&'>0)-

" 2+23#'$2-$)3'X'I'<)J$'-221$'*)'?2'12*23>%-21

" &)-$*3,%-'42,f/#'12F%-21'<)J$

" *)*,/'<)J$'X'9IC7;�h `a' C6'g'6dI

" 0$2'G*3,&f$',$'+,/%1,*%)-

=(0+5$"%&+.&!

%"'()&,(8<(/)'&

M#/()J(#8)(
,":

8N()%":

LM!!N6H7OP'QRMSMT.6I CHUC6H7O O



M-&/%-,*%)-'&)332&*%)-

0+<$%"/+8.

M::")(./& /)".0N()0(&0-+#/&8#&0(.08)0&6+/-&
%+.(")&5(:(.5(.7(& 8.&%8.,+/$5+."%&:80+/+8.O&
<80/&%+F(%'&(L:%"+.(5&;'&)(%"/+N(&+.7%+."/+8.&
8#&/-(&;("<&5+)(7/+8.P

h i2/,*21'*)'42,f/#'12F%-21'<)J'F3)>'
,/%D->2-*9-)'&)-$*3,%-')-')3%2-*,*%)-')F'j'
1%32&*%)-;Y

E/)$( QE"%+,.

𝑑𝑁0#1
𝑑𝐴 (𝑟)

LM!!N6H7OP'QRMSMT.6I CHUC6H7O d



B,/%?3,*%)-

)
0

 (Xz
5 10 15 20 25

N
um

be
r o

f h
its

0

0.5

1

1.5

2

2.5

3

3.5

310×

Raw data

Calibrated data

Fit

! &,/&0/,*2'"%*'12-$%*#'%-'3%-D$',3)0-1'$")423'&2-*23

! 2E0,/%j2'32$=)-$2' )F'*"2'b'$2-$)3$'%-'2,&"'/,#23

! 32/,*%+2'/,#23C*)C/,#23'&,/%?3,*%)-'4%*"'D,>>,' 1%$*3%?0*%)-

)
-2

 H
it 

de
ns

iti
es

 (m
m

2−10

1−10

1

10

210

310
Quadrant 0
Quadrant 1
Quadrant 2
Quadrant 3

0.6

0.8

1

1.2

1.4

 Distance to the shower axis (mm)
0 5 10 15 20 25 30

 R
at

io

0.6
0.8

1
1.2
1.4

𝑁 𝑡 = 𝑁8𝑏
:1 ;<=><?@

A B (𝑡 = 𝑥 𝑋8⁄ )

LM!!N6H7OP'QRMSMT.

;(#8)(&(R$"%+0"/+8.

" #/()&(R$"%+0"/+8.

6I CHUC6H7O `



:")423'&2-*23'12*23>%-,*%)-

! k$2'%-F)3>,*%)-' )F',//'D))1' /,#23$'*)'32&)-$*30&*'*"2'$")423'&2-*23Y

! i2F%-2'*"2'$")423'&)32'32D%)-'?#'$2**%-D'&0*')-',>=/%*012'%-'=%^2/'32D%)-Y

! k$2'=)423'/,4'42%D"*'*)'>,f2'$")423'&)32'32D%)-' '>)32'$%D-%F%&,-*Y

𝑋E =
∑ 𝑤#$𝑥##
∑ 𝑤#

$
#

𝑤# =H 𝑅J,#
L

(𝑅J,# = 0	𝑜𝑟	1)

LM!!N6H7OP'QRMSMT.

7$/&"/&A-+/0&:()&:+L(%&)(,+8.

6I CHUC6H7O 7H



! R/2&*3)-'2+2-*'$2/2&*%)-
! :")423'&2-*23'$2/2&*%)-'

! C7YU'Z'&̂P'#& Z'7YU'&>

! B0*')-'-0>?23')F'"%*$'932l2&*'=%)-$;
! B)-*,>%-,*%)-' -2D/%D%?/2'%-'*2$*?2,> 1,*,9\7 m;

! R^&/012'D,=',-1')+23/,=

! 28G$2=,3,*%)-'=)423')F'J)B,/ 9:%>0/,*%)-;
! !%)- 32l2&*%)-?2**23'*",- `Hm%-?3),1 3,-D2

)F 2-23D#

! k$%-D'&0*')-'$")423'$*,3*'=)%-*

! B)-$%123%-D)*"23 $2=,3,*%)->2*")1$
9/,*23,/'%-F)3>,*%)-;'*)',&"%2+2'"%D"23'
$2=,3,*%)-'=)423

R+2-*'$2/2&*%)-' ,-1'=%)-'&)-*,>%-,*%)-

1*12+&3(%2)+%'+%HXGGGJ%7"3(%23(+'4"('+"3(%HYZFY

STT2(U ( V W

LM!!N6H7OP'QRMSMT.6I CHUC6H7O 77



i2$0/*$
@%-2,3%*#'n'R-23D#'i2$)/0*%)-

D))1' /%-2,3%*#
T)*2X'1%FF232-*'$2**%-D$')F'12*2&*)3'

F)3'<R:o',-1':!:'1,*,'$2*$
32,$)-,?/#'D))1'2-23D#'32$)/0*%)-

94%*"%-HYUm1%$&32=,-&#?2*422- <,*, ,-1 (B;

?XBY

BEB

D5("%&O&6+/-8$/&;"5&0(.08)0&".5&7-"..(%0
=("%O&6+/-&;"5&0(.08)0&".5&7-"..(%0

LM!!N6H7OP'QRMSMT.6I CHUC6H7O 76



!)$%*%)-'i2$)/0*%)-

! k$2'&/0$*23$'%-'/,#23'H',$'*302'=)$%*%)-Y
! :%D>,')F'*"2'1%$*3%?0*%)-' %$'*"2'$")423'=)$%*%)-'32$)/0*%)-Y

i2$0/*$

LM!!N6H7OP'QRMSMT.

LQ5+)(7/+8.

6I CHUC6H7O 7I



@,*23,/'!3)F%/2

H2(U STT2(U

! K+23,D2'"%*$'12-$%*%2$',$','F0-&*%)-' )F'1%$*,-&2'*)'$")423'&2-*23Y
! :")4$'0-=32&212-*21'12*,%/')F'$")423'=3)F%/2

Z [.+R$(&#("/$)(&8#&/-(&5(/(7/8)

i2$0/*$

TIPP'2017,	BEIJING6I CHUC6H7O 7b



(2,$0321'()/%232'i,1%0$'F3)>'B0>0/,*%+2'<%$*3%?0*%)-$

! M-*2D3,/')F'*"2'/,*23,/'=3)F%/2'
! (2,$0321' ()/%e323,1%0$'%$',3)0-1'77'>>Y

i2$0/*$

LM!!N6H7OP'QRMSMT.

= C

6I CHUC6H7O 7U



L4) C:")423' : 2=,3,*%)-

! . ))1'$2=,3,*%)-'=)423')F'*4)'&/)$2'$")423$''1)4-' *)'F24'>>

i2$0/*$

FNN%R1S 8"(#*1%1B1(+

LM!!N6H7OP'QRMSMT.6I CHUC6H7O 7a



B)-&/0$%)-

:0&&2$$F0/'=3))F')F'=3%-&%=/2')F'=,3*%&/2'&)0-*%-D'&,/)3%>2*3#Y

! K'"%D"'D3,-0/,3%*#'1%D%*,/':%Cc'&,/)3%>2*23'=3)*)*#=2'F)3'J)B,/'",$'
?22-'?0%/*' ,-1'*2$*21Y'

! .))1' /%-2,3%*#',-1'32,$)-,?/2'2-23D#'32$)/0*%)-' ",+2'?22-',&"%2+21Y'
! !3)+%12'&,=,?%/%*#')F'28G$2=,3,*%)-'%-'?3),1'3,-D2')F'2-23D%2$Y

R^*32>2/#'"%D"'D3,-0/,3%*#',//)4$'0-%E02'>2,$032>2-*$Y

! :>,//' ( ) /%e32'3,1%0$'977>> ;Y
! @,*23,/'$")423'=3)F%/2$'1)4-'*)'F24'=23&2-*'()/%e32'3,1%0$'

",+2'?22-')?*,%-21Y'
! <)4-' *)'*"2'=%^2/'/2+2/9\] >;' =)$%*%)-'32$)/0*%)-' 4,$'32,&"21Y'
! R^&2//2-*'*4)C$")423'$2=,3,*%)-'=)423Y

LM!!N6H7OP'QRMSMT.6I CHUC6H7O 7O



L",-f'#)0

LM!!N6H7OP'QRMSMT.6I CHUC6H7O 7d



LM!!N6H7OP'QRMSMT.

Q,&fC0=

6I CHUC6H7O 7`



" E")/+7%(&/)"7F+.,1<$8.9&:+8.4

" M%+,.<(./&;"0(5&8.&/)"7F&)(0+5$"%

" D.7%+."/+8.&78))(7/+8.

" CDE&7"%+;)"/+8.&1.8/&+.&/-+0&:)(0(./"/+8.4

" B-86()&)(78.0/)$7/+8.&

" B-86()&7(./()&5(/()<+."/+8.

" B(.08)&0(.0+/+N+/'&7"%+;)"/+8.

" ?(/(7/8)&:()#8)<".7(&)(0$%/0

K-,/#$%$')+23+%24'

!"#$%&'#(#) *+,- .&/0,-1 2 34$(",-& '#(#

LM!!N6H7OP'QRMSMT.6I CHUC6H7O 6H



LM!!N6H7OP'QRMSMT.

L3,-$+23$2'"%*$'1%$*3%?0*%)-'F)3'6bb'.2p

6I CHUC6H7O 67



LM!!N6H7OP'QRMSMT.

<,*,'+$'(B

?+07)(:".7'& O&$:&/8&\TI M55&\<<&]&+.&#)8./1^&TP_" #4

6I CHUC6H7O 66


