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Goal:	
  to	
  pick	
  up	
  high	
  momentum	
  (pz>5	
  GeV/c)	
  muon	
  events	
  more	
  effecCvely.	
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• A module address packet, which indicates an ID number
of the MuTRG-DCMIF board.

• A clock counter, which indicates a beam-clock counter

value at the trigger reception.

After these header packets, the multiplexer reads hit data pack-

ets from the FIFO with changing their order according to a suit-

able format. The size of the data for each event becomes 2 oc-

tants � ( 96 strips for Station-1 + 192 strips for Station-2 +
320 strips for Station-3 ) = 76 packets, where 1 packet = 16-bit.

At last, following trailers are added on the hit data packets to

complete making an output data array.

• Error packets, which indicate error flags onMuTRG-MRG
and MuTRG-DCMIF.

• Longitudinal parity packet, which indicates longitudinal
parity of all the packets in the event data. This value is

compared in DCM to confirm successful transmission.

As a result, the number of packets in the array for single trigger

is 5 (header) + 76 �n (data) + 2 (trailer), where n is the size of
the beam clock window for which events are transmitted.

Each data packet of the array is written to latter asynchronous

FIFO at a rate of 9.4 � 12 MHz. The written packets are

read with 80 MHz oscillator clock and sent to a transmitter,

TLK2501(Texas Instruments). The TLK2501 encodes the 16-

bit data packets into a serial signal with an e�ective serial rate
of 1.6 Gbps, providing 1.28 Gbps of data bandwidth. The serial

signal are sent to DCM via an optical driver.

4.2.3. Control signals for MuTRG-DCMIF

Timing control signals for MuTRG-FEE system is originally

generated by GTM. A serial signal from GTM is decoded with

a deserializer chip, HDMP1024 (Hewlett Packard), into a col-

lection of control signals. Main signals used in MuTRG-FEE

system are the beam-clock signal, trigger accept signal and sev-

eral mode bit signals. The mode bit signals are translated into

reset signals forMuTRG-DCMIF,MuTRG-MRG andMuTRG-

ADTX on the FPGA. These signals are distributed to MuTRG-

MRG through category-6 Ethernet cables.

As well as MuTRG-MRG, MuTRG-DCMIF is also con-

trolled through VME bus. The control signals through VME

bus play following roles.

• Reset for registers

• Reset for a phase-locked loop (PLL)

• Configuration of FPGA and CPLD on MuTRG-DCMIF

• Setting of the number of transmitted events for each trigger

5. Muon Trigger Performance

5.1. Trigger logic

Fig. 29 schematically displays the concept of the high-

momentum muon trigger. The trigger is generated based on hits

from each channel of MuTRG-ADTX. The basic idea to select

high-momentummuons is to find a straight trajectory originated

in the collision point from the hits from MuTRG-ADTX. There

are several parameters to optimize the trigger performance and

they are summarized below. The order of the items corresponds

to actual order of the operation. Detailed explanation is pro-

vided in the following sections.

1 Threshold for the pulse height. To be balanced between the

level of noise and signal pulse height. See Section 3.2.1

and 3.2.2.

2 CFD or LED. See Section 3.2.4

3 Timing window (LL1 width). See Section 5.1.1.

4 OR/AND of hits in multiple cathode planes in the same

station. See Section 5.1.2.

5 Clustering on/o�. See Section 5.1.3.

6 Trigger map (acceptance window and sagitta). See Sec-

tion 5.1.4.

Figure 29: Explanatory drawing for the trigger logic.

5.1.1. Timing window (LL1 width)

As described in Section 3.2.3, because the timing resolution

spreads over two to three beam clocks, we open up the tim-

ing window to accommodate this in the MuTRG-MRG board.
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Triggers	
  needed	
  for	
  run15	
  200	
  GeV	
  p+p	
  	
  
•  Single	
  Muon:	
  SG3&MuID1D&&BBCLL1	
  (<	
  1.5	
  

kHz	
  	
  combined	
  both	
  arms)	
  
	
  

Trigger	
  on	
  MuTr	
  
stripe	
  hit-­‐paaerns	
  

(SG3)	
  

Only	
  operates	
  within	
  each	
  
half-­‐octant	
  of	
  MuTr.	
  	
  



sg1	
  and	
  sg3	
  triggers	
  only	
  
operate	
  within	
  each	
  half-­‐
octant	
  to	
  match	
  MuTr	
  hit-­‐
paaerns	
  among	
  	
  the	
  three	
  
tracking	
  staCons:	
  	
  
st0,	
  st1,	
  st2.	
  	
  

Due	
  to	
  the	
  cathode	
  
readout	
  stripe’s	
  
geometry	
  layout…	
  



Zooming	
  in	
  on	
  the	
  readout	
  
stripe	
  geometry…	
  

Events	
  will	
  get	
  lost	
  when	
  crossing	
  
the	
  boundary	
  of	
  half-­‐octants.	
  
	
  
Leading	
  to	
  a	
  reduced	
  trigger	
  
efficiency.	
  


