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Introduction

* Many BSM predict Heavy Stable particles .g, Lspin susy)

* These particles can have nonzero electric charge,
Heavy Stable Charged Particles (HSCP)
» Stable enough (>ns) to travel through the CMS detector

e Signature is similar to a slowly moving muon-like particle
* High dE/dX, large Time of Flight

* CMS have performed very nice analysis combining both information
* Based on SingleMuon + MET trigger
* Note: there was HSCP-dedicated trigger with RPC when bx=50ns
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RPC Phase-Il upgrade
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* Link system upgrade of present system
« Same chambers, replace electronics

* Necessary for the HL-LHC
after >10 years of operation until the Run-3
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* Provide timing information (~25ns — 2ns)
* Extra smearing due to signal propagation along the strip

« iRPC upgrade in the high-|n| region m T —
» Extends to [n|<2.4in RE3/1 & RE4/1 IR S it S e S e
* Improved RPC chamber design allows to run at lower

threshold ,
i : A7 AN

* New front-end electronics at both ends of the strips spacer - ,
* Precise timing and 2D measurement (2cm, <1.5ns) Readout Strips L1
* Cancel out the smearing due to sig. propagation time Graphite Coatno- A e
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HSCP trigger with RPC

CMS Phase-2 Simulation 14 TeV <PU>—
Y] e L R B B B =
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RPC-ToF can be used trigger algorithm for HSCP
 HSCP hits are detected as delayed signals

i 014 ——] u from ZMM sample Phase-2 geometryf
(detector clocks are synchronized to muons) - p from ZMM sample §

0.18—
0.16 |—

Entries (a.u.)

- Finding hit patterns with RPC time/distance > 0 o
will provide very good separation of HSCP from muons el
| e el
- | . :HSCP ::mdzced ot BX=-1 hit
: / We have proposed a L1 trigger algorithm for HSCP
% i g% (in the Muon Phase-ll TDR)
2 / d, RPC hit Distance to the Vertex [cm] . .
g . e Atleast 3 RPC hits correlated in space (4-6 layers in |n|<1.9)
l _ Clppe g1 1 * Linear fit to find B, fit error < 30%, slope >0
: ; Sope=T F * No bx=0 restriction - increases acceptance in small 3
Slope = 0 : muons * Not applicable for forward region with only 2 RPC hits

Slope > 0 : HSCP
Slope < 0 : unphysical or cosmic
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HSCP trigger performance
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CMS Phase-2 Simulation Preliminary 14 TeV, <PU>=0
> EToTTTToTTTTTTT ”"m"""% 2 RPC-TOF “fitting” algorithm
2 09F e o E - -
g .E g e E « At least 3 RPC hits correlated in
' = $ T . space (4-6 layers in |n|<1.9)
07TE a + 3 « Linear fit to find B, fit error < 30%,
06 * e E slope >0
0.5 * + - = * No bx=0 restriction - increases
0.4 - . = acceptance in small 3
ooF R . E Recovers slow particles of 5 < 0.7
E ¢, °. :
0.1 |&%| | [« Lj' Phase-2 RPC-HSCP trigger ™ —]
oF - Phase-t Regular muon vigger (L1 M Open) =,y = Efficiency drop in B < 0.3 corresponds to
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Efficiency

Trigger performance at high PU
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Work in progress
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We observe efficiency drop at high PU,
combinatorial backgrounds affect fit quality

CMS Phase 2 S/mulat/on Prellm/nary 14 TeV, <PU>

0
= oele A
F ’.:.{ m§+ .
= g ptetietie g, - =
C Y =
— + ., - -
o . e -
— + L d _
E 4 L .
[ L4 _
C LY .
— 'Y b4 —
= he .
C o .
i . -
— L -
E Ll 4
C - _
e . .
C . 3
E 000 =
il 5. S0P b I
E ++ % R4 B
= Y L .
— #* —¢— Phase-2 RPC-HSCP trigger ™ —
- | —e— Phase-1 Regular muon trlgger (L1 Mu Open) "‘ ; .
C 1 | 1 1 1 | 1 | 1 1 d 1
0 0.2 04 0 6 0. 8 1

and decrease efficiency

p

GEl

N

KYUNG HEE

UNIVERSITY




CMS

HSCP trigger algorithm for iRPC
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fJ L L— 5his High-n region is challenging for HSCP trigger
B ELEE e Lé *  High multiplicity: muons, punch-though, pileup, etc
I il = * Fake signals from combinatorial backgrounds
e 40 ar «  Small bending angle by B-field
__E_f';,_p-,,{I---I-;y;_;T_::_.th‘T‘nsz?r"j,L' g * Only two RPC layers — more information is needed
5 6 7 8 9 10 11 12 z(m)

 Higher 3: Need better time resolution

Work in progress
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HSCP trigger algorithm for iRPC
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Proposing a new algorithm

 Assume a HSCP is originated at bx=0 R
* Bxassignment should come from different source ‘ ‘ ‘
* Track trigger could be the best candidate

 [3 at each stations can be computed,

RPCHit
position

L
_ _ "true” position
Bi 1 — Vt/l—l ~ 1+CtiRPCHIt/di
* Finally take <B> = 2B,/N and error from the RMS z (beam fne)
4 “Fitting” with 2 hit .~
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Time at origin not N A
synchronized with BX \_ 7 o
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Matching efficiency
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There are efficiency drop due to the geometry, ~80% in high-eta region
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Introduced additional cuts generated n generated 1

to reduce combinatorial background,
But keep >99% of hits
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We can increase 3 thanks to be better resolution
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Efficiency with new algorithm
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i —e— RPC-HSCP trigger (PU=0)
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New algorithm works for all region at very high efficiency
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Summary

* Trigger algorithms for HSCP are proposed

* Fitting algorithm works for the existing RPCs,
as a complements the regular muon trigger at low beta region

* We show an algorithm to cover the iRPC region

* Constraining at Bx=0 simplifies the algorithm and dramatically
improves the efficiency

* Combination with other detector information is hecessary
for the correct Bx assignment
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