
)LUVW�5HVXOWV�IURP�WKH +(5$�%
H[SHULPHQW

$� =RFFROL
8QLYHUVLWj DQG ,1)1�%RORJQD

r ,QWURGXFWLRQ

r 'HWHFWRU�VWDWXV�

r 7ULJJHU�VWDWXV

r -�5 GDWD

r 2XWORRN�DQG�&RQFOXVLRQV &3FRQI ����
)HUUDUD� ,WDO\
6HSWHPEHU ��WK� ����

)RU WKH +(5$�% &ROODERUDWLRQ



7KH�+HUD�%�H[SHULPHQW

HERA proton

920 GeV
96 nsec BX

wire
targets

B      J/    +  Xψ

Β

Β

µ

µ

+

-
34 GeV

10.5 mm

120 GeV πe, , ...

)L[HG 7DUJHW +DGURQLF
%�)DFWRU\ DW +(5$�

❍ 'HWHFW &3 9LRODWLRQ LQ
WKH *ROGHQ &KDQQHO
% → -�5 .6

❑ 0HDVXUH RWKHU &3
YLRODWLQJ % GHFD\ FKDQQHOV
❑ %6 RVFLOODWLRQV
❑ 5DUH % 'HFD\
❑ E�EDULRQ SURGXFWLRQ DQG
IHDWXUHV
❑ F�TXDUN SK\VLFV

6FKHGXOH�
� DSSURYHG LQ ����
� GHWHFWRU FRPSOHWHG LQ VSULQJ ����
� &RPPLVVLRQLQJ XQWLO $XJXVW ��WK
� +HUD VKXWGRZQ XQWLO MXQH ����



Vertex Detector
Si strip

12 µm resolution

RICH (π/K)
multianode PMT

TRD (e/h)
straw tubes
+thin fibers

ECAL(γ+e/h)
W/Pb scintillator

shashlik

MUON (µ/h)
tube,pad and gas
pixel chambers

Tracking:
- ITR(<20cm):    MSGC-GEM

- OTR(>20cm):   5+10mm drift cells

Magnet: 2 Tm

C4

F10

HiPt trigger
pad/gas pixel

7KH�+HUD�%�GHWHFWRU

r ��� *H9 +(5$ SURWRQV
RQ ZLUH WDUJHWV�

ZLWK

r +LJK VHOHFWLYH WULJJHU

r 'HVLJQ LQWHUDFWLRQ UDWH
XS WR �� 0+]

� % UDWH XS WR �� +]
� ��� SURGXFHG %→ -�5;
SHU \HDU

610/ −≈INELbb
σσ

XbbettNp +→+ )arg(

nb
bb 12≈σ
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+(5$�% GHWHFWRUV KDYH WR IDFH
SDUWLFOH IOX[HV VLPLODU WR ZKDW
IXWXUH /+& H[SHULPHQWV ZLOO
HQFRXQWHU�

3DUWLFOH IOX[�\HDU�
�Ã���� �5� >FP� @
���� JUD\�\HDU LQ WKH

6,�GHWHFWRU
� ��� &�FP�\HDU LQ 'ULIW FKDPEHU

� 5DGLDWLRQ GDPDJH

� 6XEVWDQWLDO 5	' IRU WUDFNLQJ
GHWHFWRUV

5DGLDWLRQ�OHYHOV



7DUJHW

�

�

� �

10

20

30

40

-5

0

5

60

70

12 14 16 18

,QVHUW WKLQ ZLUHV LQWR EHDP KDOR
→ $EVRUE SURWRQV OHDYLQJ WKH EHDP FRUH
→ /LWWOH LQWHUIHUHQFH ZLWK +HUD RSHUDWLRQV

7ZR VWDWLRQV ZLWK � ZLUHV HDFK
→ WDUJHW PDWHULDOV� 7L� &� $/� :

→ 5HOLDEOH RSHUDWLRQV
6PDOO LQWHUIHUHQFH ZLWK RWKHU H[SHULPHQWV



9HUWH[�'HWHFWRU�6\VWHP

� ��OD\HUV�����6L�GHWHFWRUV
�GRXEOH�VLQJOH�VLGH��
�������FKDQQHOV

� OD\HU�����LQ�URPDQ�SRWV
� 5XQV�VWDEOH��KLJK�GDWD�TXDOLW\
� +LW�UHVROXWLRQ�a�����P
� 8S�WR����0UDG�\HDU



9HUWH[ GLVWULEXWLRQ

-0.4
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-0.1

0
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0.4

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2
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2000

4000
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8000
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12000

14000

Beam profile

Coasting Beam

&ORVH�WR�WKH�QRPLQDO
UHVROXWLRQ RI�WKH�
GHWHFWRU�

mxy µσ 60≅

mz µσ 500≅

%HDP SURILOH�DQG
&RDVWLQJ�EHDP



2XWHU WUDFNHU�
+RQH\FRPE 'ULIW &KDPEHU

SLWFK� � DQG �� PP�
VL]H XS WR� ��� P [ ��� P
���� PRGXOHV� ���� P��

������� FKDQQHOV

,QQHU WUDFNHU�
06*& ² *(0 GHWHFWRUV

SLWFK� ��� �P�
VL]H� �� FP [ �� FP

��� FKDPEHUV�
������� FKDQQHOV
8S WR � 0UDG�\HDU

InnerOuter

PC1 PC2 PC3 PC4

0DLQ�WUDFNHU



� 'HWHFWRUV DUH LQ VWDEOH RSHUDWLRQ�

� +LW HIILFLHQFLHV XS WR a��� UHDFKHG �GHVLJQ� ����

� 1HZ� ,QGLYLGXDO DGMXVWPHQW RI *(0�YROWDJHV

� +LW UHVROXWLRQ� a�� �P �GHVLJQ UHDFKHG�

� &KDUJH XS RI LQVXODWLQJ VXUIDFH

GLDPRQG FRDWLQJ RI 06*& VXUIDFH

� 6SDUNV GHVWUR\ 06*& VWUXFWXUH�

DGG SUHDPSOLILFDWLRQ LQ JDV �*(0�

� $QRGH DJLQJ�

XVH $U�&�� ������� JDV PL[WXUH

,QQHU�WUDFNHU

3.0 mm

2.8 mm

⇒ 12 FRQWULEXWLRQ WR )/7 LQ \HDU ����� GXH WR HOHFWURQLF QRLVH



� 0DOWHU (IIHFW ZLWK SXUH 3RNDORQ�&
FDWKRGH�

$X�&X FRDWHG 3RNDORQ�& VXUIDFH

� $QRGH DJLQJ ZLWK $U�&)
�
�&+

�
�

XVH $U�&)
�
�&2

�
��������� JDV

PL[WXUH

� 'DUN FXUUHQW ZLWK &)
�
EDVHG JDV�

ZDWHU FRQFHQWUDWLRQ � ��� SSP

2XWHU�WUDFNHU

Stycast
+ Catalyst 9

75 µm C-doped Pokalon foil plated with

Cu(40nm) + Au(40nm)

wire support 
bridge (FR4)

25 µm Anode Wire
(gold plated tungsten)

%LJ ORJLVWLFDO HIIRUW�

3URGXFWLRQ� DVVHPEO\ DQG LQVWDOODWLRQ ZLWKLQ �
\HDU� &RPSOHWHG EHJLQQLQJ �����



7&� ��� ,QVWDOODWLRQ

&KDPEHU
2SHUDWLRQ

u 'HWHFWRU URXWLQHO\ RSHUDWHG

u +9 VKRUWV IRU ���� RI GULIW FHOOV
→ +9 JURXSLQJ� �� RI GHDG FKDQQHOV

� UHGXFH +9 WR VWDELOL]H WKH HIIHFW
� UHSDLU EURNHQ JURXSV

u LQFUHDVH WKUHVKROGV WR UHGXFH QRLVH
IURP WULJJHU RXWSXW

u ,QHIILFLHQF\ DIIHFWV 7ULJJHU

&HOO HIILFLHQF\� a��� �GHVLJQ ����

+LW� 5HVROXWLRQ� a��� �P �GHVLJQ� ��� �P�



5HFRQVWUXFWLRQ VXIIHUV IURP FXUUHQW FKDPEHU SHUIRUPDQFH�

� LPSURYHPHQWV RI WKH DOJRULWKPV WR UHGXFH LPSDFW RI

GHDG FKDQQHOV � ORZHU KLW UHVROXWLRQV DQG KLW HIILFLHQFLHV�

� ��� IRU WUDFNV ZLWK DW OHDVW �� KLWV

7UDFN�UHFRQVWUXFWLRQ

5 MHz event rate
~6 interactions
145 reconstr. tracks

magnet

cm

cm

Pattern recotracing in magnet continuation

2XWHU�WUDFNHU

,QQHU�7UDFNHU
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(OHWWURPDJQHWLF�&DORULPHWHU

6KDVKOLN VDPSOLQJ FDORULPHWHU�
� ODWHUDO VHFWLRQV WR PDWFK RFFXSQFLHV
6WDEOH RSHUDWLRQ
→ 2QO\ VRXUFH RI SUHWULJJHUV XQWLO -XQH ����

π0

mγγ

η0
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)/7�VWDWXV

3UHVHQW VWDWXV�
GDWD WDNHQ ZLWK 6LQJOH�/HSWRQ WULJJHU
DQG 'L�/HWRQ WULJJHU

r 6LQJOH PXRQ WUDFN HIILFLHQF\ YHU\
ORZ ����� � -�5 VHHQ ZLWK WKH IXOO
WULJJHU FKDLQ

r %HWWHU VLWXDWLRQ IRU HOHFWURQV

r 1R -�5 LQ 'L�/HSWRQ )/7 WULJJHU
VHHQ

� )/7  2QOLQH WUDFNLQJ � GHSHQGV RQ WKH WUDFNHUV VWDXWV DQG XQGHUVWDQGLQJ
�PDSSLQJ� HIILFLHQFLHV� JHRPHWU\� DOLJQPHQW «��

(IILFLHQF\ RI WKH GHWHFWRU KDV WR LQFUHDVH
Ù 1R SULQFLSOH REVWDFOHV KDV EHHQ HQFRXQWHUHG VR IDU



6HFRRQG�/HYHO�7URJJHU

7KH VHFRQG OHYHO DOJRULWKP ZRUNV
RQ 3& IDUP RI ��� QRGHV�

�7UDFNLQJ ZLWK UHILW
�3URSDJDWLRQ LQ WKH 0DJQHW
�'L�OHSWRQ YHUWH[LQJ

3HUIRUPDQFHV FORVH WR GHVLJQ

([WHQVLYHO\ XVHG LQ GDWD WDNLQJ DQG -�5
3URGXFWLRQ� �,$ PDLQO\ DW �0+]�

)/7 E\� SDVV�
�'L�OHSWRQ H�SUHWULJJHU ��Ã ��� HY
�'L�OHSWRQ H �� �SUHWULJJHU ��� Ã ��� HY

:LWK )/7� )XOO WULJJHU &KDLQ�
6LQJOH OHSWRQ ��� Ã ��� HY



6XPPDU\�RI�6XEV\VWHP�6WDWXV

:HOO 5XQQLQJ V\VWHPV
7DUJHW 5RXWLQHO\ RSHUDWHG

9HUWH[ 'HWHFWRU 'HVLJQ SHUIRUPDQFHV

5,&+ &ORVH WR 'HVLJQ SHUIRUPDQFHV

(&$/ &ORVH WR 'HVLJQ SHUIRUPDQFHV

3UH�7ULJJHUV H�� SUHWULJJHUV ZRUNLQJ

6/7 &ORVH WR 'HVLJQ SHUIRUPDQFHV

'$4 'HVLJQ SHUIRUPDQFHV

6\VWHPV ZLWK SUREOHPV
,QQHU 7UDFNHU 5RXWLQHO\ RSHUDWHG� KLW HIILFLHQF\ EHWZHHQ �������

12 )/7 VLJQDOV LQ UXQ ����

2XWHU 7UDFNHU 5RXWLQHO\ RSHUDWHG� KLW HIILFLHQF\ DW ���

/RVV RI FHOOV → UHSDLUHG LQ VKXWGRZQ

0XRQ &KDPEHU 5RXWLQHO\ RSHUDWHG� /RZ SDGV HIILFLHQF\

)/7 &RPLVVLRQLQJ VWDUWHG WRR ODWH

9HU\ ORZ WUDFN HIILFLHQF\



6LQJOH�OHSWRQ WULJJHU

.
6
� ���� ± ���

)  ��� 0H9 �
�
� ��� ± ��

)  ��� 0H9

6HOHFWLRQ� LQYROYHV YHUWH[ DQG WUDFNLQJ GHWHFWRUV
�! FXW RQ VHFRQGDU\ YHUWH[ RQ SDLUV RI XQOLNH FKDUJH WUDFNV



πK mass
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Chi2 / ndf = 13.26 / 15
p0       = 54.45 +- 13.21 
p1       = 1.826 +- 0.01054 
p2       = 0.03129 +- 0.007029 
p3       = 192.3 +- 7.955 
p4       = 1.612 +- 0.08505 

Chi2 / ndf = 13.26 / 15
p0       = 54.45 +- 13.21 
p1       = 1.826 +- 0.01054 
p2       = 0.03129 +- 0.007029 
p3       = 192.3 +- 7.955 
p4       = 1.612 +- 0.08505 

3.8M triggers

85 counts

ππK mass
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Chi2 / ndf = 13.84 / 15
p0       = 31.62 +- 6.985 
p1       = 1.854 +- 0.01044 
p2       = 0.04369 +- 0.008459 
p3       = 37.99 +-  3.37 
p4       = 0.9059 +- 0.161 

Chi2 / ndf = 13.84 / 15
p0       = 31.62 +- 6.985 
p1       = 1.854 +- 0.01044 
p2       = 0.04369 +- 0.008459 
p3       = 37.99 +-  3.37 
p4       = 0.9059 +- 0.161 

68 counts

'
�
Ù% .

'� Ù% % .

6HOHFWLRQ� LQYROYHV YHUWH[
DQG WUDFNLQJ GHWHFWRUV

7ZR WUDFNV SRLQWLQJ WR
WKH SULPDU\� EXW QRW
EHORQJLQJ WR LW�

2SHQ�&KDUP�6LJQDO



'DWD WDNHQ LQ GLIIHUHQW WULJJHU FRQGLWLRQV� PDLQO\�
� SUHWULJJHU�6/7
� SUHWULJJHU �6/7 ZLWK )/7(�6/,&(5�5(),7�/�6LOL �ZWK 275��

'L�/HSWRQ�7ULJJHUV

$W OHDVW � %5 UHTXHVWHG

� %5 UHTXHVWHG

����� -�5 H[SHFWHG LQ WKH IXOO VDPSOH
ZLWKRXW %UHPVVWUDKOXQJ UHTXHVW



�� 8QOLNH VLJQ
�� /LNH VLJQ

6XEWUDFWLRQ RI WKH WZR
GLVWULEXWLRQV�

-�5 â�� ��

a ���� HYHQWV IURP ��� RI WKH
IXOO VWDWLVWLFV



-�5 â�� �� ��VHDUFK�IRU�VHFRQGDU\�YHUWLFHV

= GLVWULEXWLRQ RI SULPDU\ YHUWLFHV
0DLQO\ IURP 9'6 UHFRQVWUXFWLRQ

& WDUJHW

7L WDUJHW

6HOHFWLRQ RI HYHQWV DVNLQJ IRU VHFRQGDU\
97; � PDVV FRQVWUDLQW ILW�

3� 3� � ! ��

a ���� HY



8SVWUHDP >���� � ���� FP@ � � HY

'RZQVWUHDP >��� � � FP@ � � HY

5HTXLULQJ DW OHDVW � H[WUD WUDFN LQ WKH
-�5 VHFRQGDU\ YHUWH[�

8SVWUHDP >���� � ���� FP@ � �� HY

'RZQVWUHDP >��� � � FP@ � �� HY

=�-�5��² =�SULPDU\��'LVWULEXWLRQ



7KH VLJQDWXUH�

⇒/RRN IRU � WUDFN GHWDFKHG YHUWLFHV�

([SHFWDWLRQ IURP 0&� ��� HY����� -�5
)RU �� QE EE FURVV VHFWLRQ

*HRPHWULFDO UHFRQVWUXFWLRQ RI WKH
��SURQJ YHUWLFHV�

5HVXOW RI WKH ILUVW LWHUDWLRQ RQ KDOI RI
WKH PXRQ VWDWLVWLFV�
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&RQFOXVLRQV�

w 7KH +(5$�% GHWHFWRU LV HVVHQWLDOO\ FRPSOHWHG

w +(5$�% GLG D ELJ 5	' ZRUN LQ WKH WUDFNHU DUHD� 2QH RI WKH ODUJHVW
KRQH\FRPE WUDFNHU DQG 06*&�*(0 GHWHFWRU V\VWHP DUH RSHUDWLQJ
LQ D UDG�KDUG HQYLURQPHQW �/+&�OLNH��

w 7KH FRPPLVLRQLQJ RI WKH VXE�GHWHFWRUV LV ZHOO DGYDQFHG� DV ZHOO DV
WKH 6/7 DQG '$4�

w 7KH FRPPLVLRQLQJ RI WKH )/7 KDV QRW \HW ILQLVKHG� $W WKH PRPHQW
YHU\ ORZ WUDFN HIILFLHQF\� 1R PDMRU SUREOHPV HQFRXQWHUHG�
1R WULYLDO WDVN�

w (IIRUWV DUH XQGHUZD\ WR EULQJ WKH GHWHFWRU FORVH WR WKH GHVLJQ
SHUIRUPDQFHV

w :LWK SHUIRUPDFHQV FORVH WR WKH GHVLJQ YDOXHV +(5$�% FDQ VWLOO
PDNH YDOXDEOH FRQWULEXWLRQV WR % SK\VLFV�


