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���LHC-ATLAS��

10 Cross-section measurements as a function of centre-of-mass energy
p
s

Summary of total production cross-section measurements by ATLAS presented as a function of centre-of-
mass energy from 7 to 13 TeV for a few selected processes. The diboson measurements are scaled by a
factor 0.1 to allow a presentation without overlaps.
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Figure 25: Summary of total production cross-section measurements by ATLAS presented as a function of
centre-of-mass energy from 2.76 to 13 TeV for a few selected processes.
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Figure 26: Summary of total production cross-section measurements of electro-weak gauge boson by ATLAS
presented as a function of centre-of-mass energy from 2.76 to 13 TeV.
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•\YJLHC-ATLASH[�A�	=Q$/�5��"*�15%

• Thin Gap Chamber (TGC) P<B�ATLAS P<B�
�4%�-"*ZD (1.05 < |"| < 2.4) ����
=Q$/�5��#,�μSG�)"$LE�;T��

• Luminosity�A7�9��VO8X@�
=Q$/�515$�F?�IK��	��
Thin Gap Chamber (TGC) P<B�W�<��
$/�5�1�$2&���>M���

Thin Gap Chamber (TGC)
• Multi-wire proportional chamber(MWPC)
• W�<�326!-4'0
• �(5%3�.
"NA�
� 5%�$/"*
#NA�
)"$:U�P<��

��LHC-ATLAS��������	
��

Peak Luminosity
(cm-2s-1)

��	
����	
(kHz)

�������	
(kHz)

LHC (Run3) 2 × 1034 100 1
HL-LHC 5 - 7.5 × 1034 1000 10
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•Cf-5!:$&+3�E`

• Cf-5!:7:-�100 kHz��1 MHz�]W	������e��ik�SZ��$&+3�Rj	�
• 7�+9$:�2.5 μs��10 μs�OG�
�����gr����6#5'3�U>�Hs�	�

• TGCcBK$&+3�E`
• TGCcBK���	���<I�cBK;�`��FfLx��`��YfLx�z{	�

( v�B�/9.V�PV�]W����pv�B�/9.V ~ 23 Tbps )
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• ASD (Amplifier - Shaper - Discriminator)  (~ 2 � 3000 �)
• PS board (Primary ProceSsor board) (1434 �)
• JATHub (JTAG AssisTance Hub) (148 �)
• SL (Sector Logic) (48 �)

TGC ���������
	
������

JATHub

PS board 
TGC

on-detector off-detector

PS board
(11 boards / JATHub)

60 - 100 m

SL

�������

��
��

40 MHz ����

ASD

JATHub

! ���
&

!" ��

! ��

����
	��
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PS board ��	�������
�
n@_ : 8 Gbps × 2
��� : 8 Gbps × 1

SL JATHub

ASD ASD ASD ASD

Kintex-7 
FPGA

�:&�

"&$<�8<)<

PP ASIC

ASDsAvPFY
�
��DAC, ADC

• PP ASIC
• KQoX�_�
@L�$�2;�lZ (G�W: < 1ns)
• tR+;%=VaL�M@L�� �;�� (BCID)
• ASD ��'#(,9#�bi

• PS board FPGA
• SL ��B8;�f`�FY@LC�

40 MHz�:&��OS>c�J�I� (clock on data)
�:&�"&$<�8<)<� FPGA � PP ASIC �
"&$�U���:&��?g��

• 40 MHz �:&��>c� 18 ps�G�W�lZKh
• PP ASIC ��-&(@L�u��-&(�\]�
r��	OSp�-&(1&/�B8;��

SL �mn�� (8 Gbps × 2)
• jd[G�T��OS[q�@L�J�I��
OS[q�D^H�k�E��i�

• ASD sAvP�FY (DAC) H�5*$< (ADC)

e28N ICEPP !;0"�3
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JATHub��	�������
�
• ATLAS 8F:	�4 Ethernet G3
• #./��/ FPGA ��/#��)-0�*/��"����� JTAG G3
• #./��/ �-��.!���8;=D�

• SEM controller + JATHub���8;
• PS board 1� 40 MHz �.���2B@9

• PS board J��.���2B� !(100 ps)�>��H6
 BCID �7E����
• 2?� SD�0 , QSPI#+��)'(,�A��5I<���$0����&
• VME���G3

SD card×2

QSPI flash

SFP+

RJ45 multi-jack

11 PS boardsJATHub

JTAG ��

Recovery / Monitor
��

Zynq-7000

LEMO

VME J3 connectorVME J1 connector
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TGC 
�	������������
• TGC D8?�0�"1#��L=NT��� ASD, PS board, JATHub,

(NTF) SL �6
� �"(2�� KEK �J	4��
• ��

(0) PS board �SLS!3�&�3*�";�'1"�/IJ
(1) PP ASIC, DAC, ADC, FPGA 0���:CAM
(2) �1��9Q�5H-#�3���5H:CAM
(3) TGC D8?��%�"7<�E�� ASD  �"$/��F��O�8�$�AM
(4) UPB LHC-ATLAS AT�>���0�"1#���+��.#2��� ,RG

PS board
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VME backplane
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Switching Hub �����
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������
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����
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• >J+$�HY

• SL ->  PS board

• Z�=
+$�HY
• ASD -> PS board -> SL -> PC
• ASD ($*+5$

• 40 MHz  7' �BN
���� ASD �
BM�($*;A�E��	�����OV

• DGM]��<T?�Z�=
�HS

• Z�=
+$�>J+$�)18$*69"38
�
 Delay Curve�:K
�
(R� PP ASIC ����@F[I�>J)    
• 	�&�/8!�24,69"38�P
� BCID �
W����\X�LQ����H^�%'*�'-��W�

Hit assignment as a function of PP ASIC signal delay
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1434M

8FV

…

1434M

8FV

…8F
PN

8F
PN

8F
PN

• �+�#,$��8FV�^D:�W9:�^\:

• >ZO��"'�=K��+�#,$��������,!��6NH�
%)(. �[@�2��+�#,$����*-��ST���X�GY���

• ������+�#,$��/4�“WE<8FPN”�B5
�	�����
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�
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DVaU78<
(QSPI flash)

16 MB
(32 MB)

3 A6#$! ( < 10 MByte )

4A0[�`��2;7A,
( ~ 700 Byte )

• 

�� PS board �dc�� (PS board � TGC )+.6HE�1434Z)
• ���� PS board ����� PP ASIC �pK�lR�'?-'��pK�oS�

SL ��/A,nG_)<!=<@'�ef�j�Tk���
• PS board �q]%@���X���	� FPGA �J(@3"&9>A):@��X�

FPGA �hP�>*+,�lRW\����
(N PS board �3 A6#$!�In�lR��2;7A,�1;1;)

(W\1) BOBO�SL ������ PS board �>*+,�Y�m� (^j)+.6�W\)
(W\2) PS board C�DVaU78<�L_���PS board �Tk�2;7A,�

Ni�FQ�����PS board �iMb�i��(@3"&9>A):@��
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•`A&/3 5'50"$&
• PS board � JATHub��&/3 5'50"$&9G�E�D�
Q�

SL��;03��>�
Q�
`MK@NSR�����`AX�OZ�
JL8Y��2$��=RP403��=[\�a�

•`A FPGA (=)�3)��-15 .3
• PS board� JATHub��=�3)��-15 .39G�E�D�
Q�
dU�<���
Q�`MK@NSR�����`AX�OZ�
FPGA ��3)��-15 .3�
JL8Y��2$��=RP403��=[\�
B� PS boardT�W��(/,5#�bL�a�
(����� PS board �%5#Cc�H��V:6]���)

->���������	�� PS board 7?�a����F_���
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����	�
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(0) H PS board �=S_Q237�V�p�Pj�
��RM��SL ��WD�V�p����

(1) s[�":�����C%:/�#48;&5:

�	��h�lo��Flash SPI controller�
E��	��=S_Q237��Pj�RM�
m�G��Parameter register �Xe��

(2) Parameter register ��RM�<qF��@N��
SEU �L]�>f��Yd��

(3) @N�RM�K����FPGA �8'()�kO�
PP ASIC �.62;)kO
40 MHz $9*$�?anT�i�

-> ^i&(+1�Z��!8$,9-$(�\B�
Pj�Ur�JA`�bg��	�����

QSPI flash

SPI protocol

PP ASIC

Parameter register

FPGA registerPP ASIC controller

SPI protocol

Kintex-7 FPGA

MMCM
(Dynamic Phase Shift)

MMCM controller

Flash SPI controller
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SL�������	�
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PS board ��������	�
����

'04 5*51#%' ;�4+��.25 /4

• W?'04 5*51#%'
• PS board � JATHub��'04 5*51#%'�B�A��N��
WIE=JPO��� SL ��14��DK
����N[�ZR

• 196.5 ~ 199 msUH (!%$5�15(5�FG	��3%��<>
����N[� 99 %�@��)
• W? FPGA ;�4+��.25 /4

• PS board � JATHub��;�4+��.25 /48C�B�A��N��FPGA�
�4+��.25 /4��WIE=JPO��� SL ��14��DK
����N[�ZR

• 4218 ~ 4233 msUH (FPGA��4+��.25 /4������N[� 95 %�@��)
-> WIE=JPO����2�'3)�"�S:�LY�
�N[�
TX "&-�Q� 1/60 976�M��������
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���

•��jLHC-ATLASh��`	�TGCtQc%A&1B3&+�Uq
• 7BC1%C2�����6.1N^!4.&%C2�����Hv���
• 7BC1%C2%A&1B3&+r��Lx : PS board, JATHub

• ����x�!���h�����9E2YK����_������/+1}�

• KEK��	�TGCtQc%A&1B3&+��_��
• ASD - PS board - (����) SL + JATHub!���/+18C-
• &B.&R��J�=3,E�J�Tm�[���Q�5+!h�
• ����/+1)+/<�x��������jLHC-ATLASh���	�
TGCtQc%A&1B3&+�(;.)>3C')+/<�M�������

•f�w���h�)+/<�z���|�]��"#0"Do��VQ
• @C&%?E�����Gg�Tm����aI�����Zk�b�!Oy�
0E,\�W�!rfX��

• �leTmxu�iP����~�Tm��f�w�FSX�h�
 �
(f�wh���	�r��Tmn{�ps)
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SL+�2
FPGA

Zynq MPSoC

PS board, VH9^
N;D, 
MDT TP,  MUCTPI, FELIX 

CERN IPMC•+�2FPGA
• TGC 87I>�VH9^
N;D��

$� LG�@�?��#�32)��2��
U��a[:PM�>� !" 
OX

• MUCTPI �
a[7Z
\6
• L0A �@�?��HB	 FELIX �
$� LG>� .�3LG�Q�

• FELIX �� 40 MHz �1���L0A �C
TTC 6A�@�?��40 MHz�1���
PS board �<_��

• Zynq MPSoC
• 45
�2 13/���*�
]6
• +�2 FPGA�PS board 
=K

• IPMC
• �03 �2%-�YT�� Shelf Manager �

,"�.2�LG (`F�RJ) 
\6

• SL'3!
&-�).3`S
YT
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PS board ���� 40 MHz ����	��
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TGC signal timing distribution

Optimized Gate timing & width

~ 30 ns

• TGC ]>G���/+,;F�137$6�]>G��<N:d�i��hI���
PP ASIC ��;F�@`Yk?Q� 20 ~ 30 ns aS�R!W�
(J^<N (0°) �Y��ZL�R!W�)
• /+,;F!D�	��	��� BCID !f����mM9P�*"16&��K��
.+%&4#6-!>[���V �������/+,;F!E�<��'7,�
*"16&C�R�ZjA�Tg���

-> ;F�*"16&!X��'7,R!TgZOl�U�������
= 1434 \� PS board �� 40 MHz %5+%�:_!B?�cS !(100 ps) �
8e
�Tg���
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RX Elastic Buffer

When the RX elastic buffer is bypassed, data received from the PMA can be distorted due 
to phase differences after conditions such as a GTH transceiver reset or rate change. If the 
received data evaluated at the fabric interface is invalid on any lane, the RX alignment 
procedure needs to be repeated for the interface after RX CDR is locked on all lanes.

RX Elastic Buffer

Functional Description
The GTX/GTH transceiver RX datapath has two internal parallel clock domains used in 
the PCS: The PMA parallel clock domain (XCLK) and the RXUSRCLK domain. To receive 
data, the PMA parallel rate must be sufficiently close to the RXUSRCLK rate, and all phase 
differences between the two domains must be resolved. Figure 4-49 shows the two parallel 
clock domains: XCLK and RXUSRCLK.

The GTX/GTH transceiver includes an RX elastic buffer to resolve differences between the 
XCLK and RXUSRCLK domains. The phase of the two domains can also be matched by 
using the RX recovered clock from the transceiver to drive RXUSRCLK and adjusting its 
phase to match XCLK when the RX buffer is bypassed (see RX Buffer Bypass, page 242). 
All RX datapaths must use one of these approaches. The costs and benefits of each 
approach are shown in Table 4-39.

X-Ref Target - Figure 4-49

Figure 4-49: RX Clock Domains
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Table 4-39: RX Buffering versus Phase Alignment

RX Elastic Buffer RX Phase Alignment

Ease of Use The RX buffer is the recommended 
default to use when possible. It is robust 
and easier to operate.

Phase alignment is an advanced feature that requires 
extra logic and additional constraints on clock sources. 
RXOUTCLKSEL must select the RX recovered clock as 
the source of RXOUTCLK to drive RXUSRCLK.

Clocking 
Options

Can use RX recovered clock or local clock 
(with clock correction).

Must use the RX recovered clock.

RX PMA RX PCS

(RX XCLK)

RXSLIDE

RX RX FPGA RX
Parallel Clock
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TX Buffer

Due to additional functionality, latency through the gearbox block is expected to be longer 
in the GTH transceiver compared to the GTX transceiver.

TX Buffer

Functional Description
The GTX/GTH transceiver TX datapath has two internal parallel clock domains used in 
the PCS: the PMA parallel clock domain (XCLK) and the TXUSRCLK domain. To transmit 
data, the XCLK rate must match the TXUSRCLK rate, and all phase differences between 
the two domains must be resolved. Figure 3-18 shows the XCLK and TXUSRCLK domains.

The GTX/GTH transmitter includes a TX buffer and a TX phase alignment circuit to 
resolve phase differences between the XCLK and TXUSRCLK domains. The TX phase 
alignment circuit is used when TX buffer is bypassed (see TX Buffer Bypass, page 135). All 
TX datapaths must use either the TX buffer or the TX phase alignment circuit. Table 3-14 
shows trade-offs between buffering and phase alignment.

X-Ref Target - Figure 3-18

Figure 3-18: TX Clock Domains
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