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WHAT BID HE JUST SAY?

[l THERE ARE A NUMBER OF SCENARIOS FOR NEBW PHYSICS AT THE
LHC WHICH INVOLVE THE PRODUCTION OF NBW QUASI-STABLE
CHARGED PARTICLES

[]

[

[]

'LL TELL YOU ABOUT THE SCENARIO THAT | FIND MOST
INTERESTING (NOT THAT NATURE CARES ONE BIT ABROUT WHAT
[ THHNK)

EVERYTHING THAT FOLLOWS COULD ERUALLY WELL APPLY TO
ANY OTHER MODELS THAT HAVE STABLE CHARGED PARTICLES

0 TS MY ASSERTION THAT THESE PARTICLES ARE BEST
SEARCHED FOR LONG AFTER THE COLLISIONS HAVE OCCURRED ...
L. WHEN THE BEAM IS OFF

LL TELL YOU ABOUT MY PLANS TO PO THIS AT CMS
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WHY DO WE EXPECT NEW
PHYSICS @ LHC?

STANDARD MODEL OBVIOUSLY
NOT A COMPLETE THEORY

NO DESCRIPTION OF

GRAVITY

RERUIRES EXISTENCE OF

(AS YET) UNOBSERVED

n neutrino tau neutrino

HGGS BOSON TO GIVE Leptons

FERMIONS MASS

RESULTANT HH E‘RARCH—Y TIls THIS PROBLEM WHICH

PROBLEM MANY BELIEVE HOLDS THE KEY
TO NEW PH’YSICS AT THE LHC,
LET'S SPEND ASLIDEON IT ...




HIERARCHY PROBLEM

CAN'T THE SM BE VALID UP TO
THE SCALE WHERE GRAVITY
IS IMPORTANT?

MpLanck = 10V GBV

NOT EASI LY",, EVEN FOR MUCH
LOWER ENERGY SCALES
(Ncvrorr ~ 10 TEV)

INCREDIBLE FINE-TUNING
RERUIRED IN LOOP
CORRECTIONS TO HIGGS
MASS
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4,000,000

This must balance

3,000,000
2,000,000

1,000,000
0

Mass?2[GeV?]

-1,000,000
-2,000,000
-3,000,000
top -4,000,000

gauge _ ir
' ' sell

ree
T Ll.iil

LI = SS% T s e o Y



O

O

“NATURAL” SOLUTIONS
NO AD HOC FINE-TUNING

WIDE VARIETY OF THEORETICAL SOLUTIONS
TO THE HHERARCHY PROBLEM

[l ONE FAVOURED IDEA IS
SUPERSYMMETRY (SUSY)

EACH BOSONIC PARTICLE HAS A FERMIONIC
SUPERPARTNER AND VICE-VERSA

THESE CONTRIBUTE WITH OPPOSITE SIGN TO
LOOP CORRECTIONS ON THE PREVIOUS
SLIDE PROVIDING CANCELLATION OF THE
PROBLEMATIC TERMS

1 THIS IS AN EXAMPLE OF A NATURAL
SOLUTION TO THE HHERARCHY PROBLEM

PARTICLES

4

) SUPERSYMMETRIC

"SHADOW" PARTICLES

5mH—|— 577”LH)—O

NEARLY ALL NEW _
PHYSICS MODELS FOR |
THE PAST 30 YRS HAVE
BEEN GUWDED BY THIS
“PURSWUIT OF
NATURALNESS”

=




WORSE FINE-TUNINGS IN
NATURE

15

0 WHEREAS THE ELECTROWEAK. 107 TeV Mp

FINE-TUNING IS 1 IN 10*°
Gauge Hierarchy Problem
O THE coSMOLOGICAL FINE-TUNING

v
< N : ' N Y
S MORE LIKE 1 IN 10 1TeV Mw

[l THIS PROBLEM IS BOTH MUCH
LARGER AND MUCH MORE
PROBLEMATIC (IF THE
COSMOLOGICAL CONSTANT 10~ 1°TeV 4
WERE 10-100 TIMES ITS Vs
MEASURED VALUE, GALAXIES
WOULD NEVER HAVE FORMED)

Cosmological Constant Problem

O ONE “EBXPLANATION” EOR THIS IS A yacHym et e

(SOMEBWHAT CONTROVERSIAL*) \
STATISTICAL ONE THAT COMES We've ignored this,
FROM STRING THEORY whilst focusing on this

R R R P S g T —— AR G S i e e Sl B e e o e




COINCIDENCE OR PHYSICS?

O WHAT IF THE COSMOLOGICAL FINE-TUNING
WAS JUST A COINCIDENCE?

[0 ULIKE THE APPARENT SIZ.ES OF THE SUN
AND MOON?

1 WHICH IS A COINCIDENCE THAT IS
STATISTICALLY REASONABLE GIVEN
THE NUMBER OF CELESTIAL OB)ECTS

[0 THESAME COULD BE TRUE FOR

COSMOLOGICAL FINE-TUNING (AND EVEN
MORE SO FOR THE COMPARATIVELY MINOR
ELECTROWEAK ONE) IF THERE WERE
ENOUGH UNIVERSES

l RNS O ERE €
[ STRING THEORY “LANDSCAPE” PROVIDES T:"‘ 10';' LT MAY B
10 o
SUCH A POSSIBILITY VACUA, MORE THAN
ENOUGHH
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SHOPPING LIST

FREED FROM SOLVING THE FINE
TUNING PROBLEM, WHAT WOULD
ONE LIKE FROM A BSM THEORY?

PARK MATTER CANDIDATE

GAUGE COUPLING UNIFICATION

PROTON STABILITY

NO FCNC'S OR PROBLEMATIC

CP VIOLATION

1:1—1:?7-17 —To o e o




SPLIT SUPERSYMMETRY

[1 N.ARKANI-HAMED § S.
DIMOPOULOUS PROVIDE A Split Susy MSSM

MODPEL WHICH HAS THESE M
-1 susy

PROPERTIES o]
N

O JHEP 0506:073,2005

[] ITPRESERVES THE DESIRABLE
ASPECTS OF TRADITIONAL
SUSY BUT WITHOUT ITS
USUAL PROBLEMS

[0 THEY CALLIT “SPUT SUSY” E(GeV)

HGH SUSY BREAKING SCALE LEAPS TO “‘SPLIT" IN MASSES OF SCALARS §
FERMIONS AND A RAPICALLY PIFFERENT LHC PHENOMENOLOGY

D S S




SPLIT SUSY PHENOMENOLOGY

GLUINOS COULD BE COPIOUSLY PRODUCED (AS IN STANDPARD SUSY) WITH
RATES APPROACHING 1 HZ

99 — g9

UNLIKE STANDARD SUSY HOWEVER, THESE GLUINGS (DUE TO THE “SPLIT”) CAN
ONLY DECAY THROUGH HIGHLY VIRTUAL SRUARKS AND MIGHT HAVE LIFETIMES
RANGING FROM TINY FRACTIONS OF A SECOND TO MANY THOUSANDS OF YEARS

- ;;,:l.:;jg'{;ifi'f‘:‘jj_'ff.,' J

g \Uf\umum\ 4 7
q R <;

[0 THEY MIGHT WELL BE STABLE ON NOMINAL CMS EXPERIMENTAL
TIMESCALES

[ IN THIS CASE, AS THEY TRAVERSE THE DETECTOR THEY WOULD BECOME
BOUND BY RCD INTO “R-HADRONS”

999 9999 99

5

D S S —— e —— e e
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“TRADITIONAL” SEARCHES

THESE R-HADRONS (IF CHARGED) CAN BE DETECTEDR BY LOOKING FOR
THEIR ANOMALOUS SLOW PASSAGE THROUGH THE DETECTOR (E.4.
LONG TIME-OF-FLIGHT, HIGH-IONISATION)

IF NEUTRAL, CAN ONLY BE DETECTED INDIRECTLY

[0 UNFORTUNATELY, EVEN IF CHARGED AT ONSET, CAN BECOME
NEUTRAL THROUGH NUCLEAR INTERACTIONS WITH DETECTOR
MATERIAL (E.5.)

gdd — gudd + ud

THIS PROCESS COULD REPEAT SEVERAL TIMES DURING THE
GLUINOS FLIGHT

[0 UuNKNOWN HADRONISATION, FRAGMENTATION, ETC. MAKES
SIMULATING/UNDERSTANDING SUCH EVENTS DIFFICULT

E = R = v —

B e S L e D
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STOPPED GLUINOS

O BUT, gLUNOS BOUND INTO R-HAPRONS WILL LOSE ENERGY VIA IODNISATION (IF
CHARGED) AND/OR NUCLEAR INTERACTIONS

[0 THE CHARGED ONES (WITH VELOCITIES LESS THAN V IN THE EXPRESSION BELOW)
WILL COME TO REST INSIDE THE DETECTOR VOLUME, MOST LIKELY IN THE

CALORIMETERS
8
10
1 1 P o
42\ * (500GeV \ * :
6
OrE Y NS0
~ Na]
L0 mg = 10
& 4
aml
5510t
O N HEP-PH/O506242, 5
T 1
2 P’ TEVATRON
[0 AUTHORS ESTIMATE THAT AS MANY AS
200 500 800 1100 1400
2 M; (GeV)
[l 10*GqLUINOS/FB COULD BE STOPPED IN CMS g




SEARCHING FOR STOPPED
GLUINOS EASIER

[0 AFTER SOME TIME (SECONDS, PAYS, MONTHS, YEARS) STOPPED
GLUINOS WOULD EVENTUALLY PECAY (8.5.)

g — qq(q¢") + X°(xF)

Im i M |——

N\ . | am
[l THESE PECAYS WOULD — i3 REEL el . | =
SHOWER IN THE —_— ﬁ f . : TL —

CALORIMETERS |
PRODUCING A HHIGHLY | e
DISTINCTIVE SIGNATURE T N I I I SR ¢ SN
(ESSENTIALLYJETS THAT

THIS SIGNATURE HAS BEEN LOOKED FOR AT PO (PRL 99, 121801,

WERE RANDOMLY 2007) USING NON-SPECIFIC (JET) TRIGGERS THAT ARE (N TIME wm—r';
ORIENTED WITH RESPECT Ui oty e SRS Faves L
| TO THE NOMIMAL O COMPLICATES THINGS SINCE WITH THESE TRIGGERS EVENTS
. ARE RECORDED (AND RECONSTRUCTED) OUT OF TIME WRT TO |
. INTERACTION REC(ION) THE GLUINOS DECAY i

1  ALSO, SENSITIVITY LIMITED BY BEAM PROPUCED
BACKGROUNDS

£ 2

;mm.‘r—r‘f—r—v—'—f""—*""‘"—’- Py ™ 4 L 4 | = peae ems sme e g s pam gemt =m = ¥ T 14 . P —— TR RIS
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MY* PROPOSAL FOR CMS

[0 SEARCH FOR STOPPED GLUINO DECAYS IN-TIME WITH THE DECAY USING A
DEDICATED TRIGGER THAT WOoULD BE RUN WHENEVER THERE (S NO BEAM
IN THE LHC MACHINE (E.q. BETWEEN FILLS WHERE ONE MIGHT
OTHERWISE BE RUNNING A COSMIC TRIGGER)

[0 THE EVENTS WOULD BE TRIGGERED BY A CALORIMETER TRIGGER THAT
WOULD LOOK FOR THE UNUSUAL JET TOPOLOGY

[0 THIS APPROACH HAS OBVIOUS ADVANTAGES OVER THE PO SEARCH

[1 POTENTIALLY IN-TIME RECONSTRUCTION (THOUGH THIS TURNS OUT
NOT TO BE AN ISSUE AT CMS)

[1 ESSENTIALLY BACKGROUND FREE SEARCH
[] COULD GET RESULTS (SIGNAL OR LIMITS) WELL BEFORE DETECTOR

§ MACHINE ARE UNPERSTOOP WELL ENOUGH FOR TRAPITIONAL
SEARCHES

ST Y

_ JOINED BY A. SKIJA (MARYLAND)

14
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SINCE THIS PROPOSAL LAST APRIL

O ems Now IS PLANNING TO IMPLEMENT SUCH A TRIGGER AND | (AND OTHERS)

O

O

HAVE BEEN STUPRYING HOW BEST TO PO SO

FIRSTLY, | WROTE A TOY SIMULATION TO EXPLORE WHAT MASSES, LIFETIMES,
SUSY-BREAKING SCALES, ETC ONE COULD BE SENSITIVE TO IN A VARIETY OF
BEAM OPERATION SCENARIOS

(1 MY SIMULATION IS SIMPLE AND BASED ON KNOWN PHYSICS (ESSENTIALLY
ONLY BETHE-BLOCH), USEFUL TO ALLOW ME TO ARRIVE AT A QUICK § PIRTY
UNDERSTANDING OF SOME THINGS AS A FUNCTION OF THE VARIOUS
PARAMETERS.

e ey g

T WAS NOT MEANT TO REPLACE (THOUGH IS A USEFUL CROSS-CHECK ON)
MORE COMPLICATED (B.§. GEANT § CMSSW) CODES

[0 THESE MORE COMPLICATED TOOLS HAVE BEEN USED TO FULLY
UNDERSTAND HOW TO IMPLEMENT THE PROPOSED TRIGGER, MORE ON THAT
LATER (THOUGH SOME OF THE RESULTS | CAN'T SHOW YOW)

Lo s e T o T o S S S e e e

Ty
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POSSIBLE PROPUCLTION RATES AT 1033
(INITIAL LHC LUMINOSITY)

[l corlous PrROBPUCTION (UP TO
0.1 HZ AT 1072) AT LOW
MASSES BUT

0 CcrROSS-SECTION DROPS

i e e s e S

RIICKLY AS A FUNCTION OF
GLUING MASS

[1 1,000,000 FB FOR 200 GEV
[1 10X LESS AT 500 GEV
[1 100X LESS AT F00 GEV

[1 1000X LESS AT 1100 GEV

Cross Section (fb)

10 8

107

106}
105}
10 4
103}

102 |

10 |

Gluino Pair Production Cross Section

LHC ——

Tevatron Run Il -------

200

400

600

800 1000 1200 1400
Gluino Mass (GeV)

HEP-PH/0506242

1600

1:1—1:?3——17 = E S o
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A SIMPLE R-HADRON ENERGY
LOSS MODEL

O 1 USE PYTHIA TO PROPUCE GLUINGS OF A GIVEN MASS

O  1eNLY po THIS TO GET THE VELOCITY (AND SOME OTHER KINEMATIC) PISTRIBUTIONS FOR
THAT MASS WHICH | SUBSERUENTLY USE AS A PROBABILITY BISTRIBUTIONS IN MY TOY
MOBEL

| O | USE A MOPIFIER PYTHIA WHICH ALSO HAPRONISES THE GLUINCS INTO R-HAPRONS

[ FOR THIS STUPY, | MOSTLY IGNORE THIS, SINCE THE NUCLEAR INTERACTION (S A
NEGUIGIBLE CONTRIBUTION TO THE ENERGY LOSS (EXCEPT IN THE CASES THAT THE |
HADPRON HAS FUIPPED FROM NEUTRAL TO CHARGED AND VICE-VERSA WHICH | DO CRUPELY f
SIMULATE) |

[0 ONCE THE VELOCITY IS KNOWN THE STOPPING DISTANCE CAN BE CALCULATED BY
INTEGRATING THE BETHE-BLOCH FORMULA, ASSUMING SOME STOPPING MATERIAL

| dE Z 1 [1. 2mec?B%~°T 5

: —— = Kz2__2 =g 2eC 527 max g2 (87)

; dx A B4 |2 1 2

[ (USE23 CM OF LEADP (CRUDE ECAL) + #9 CM COPPER (CRUDE HCAL) r

17



O AS You wWouLd EXPECT, HEAVIER GLUINOS ARE

VELOCITY DPISTRIBUTIONS

Gluino Beta Distribution
350 -_ T T T T T T T T T _-

ON AVERAGE SLOWER. (AND THUS HIGHER DE/ wol m_;
X) W Mg =300 4 +
[ | g
0 BUT OWING TO THEIR LARGER KE, DESPITE 10k ++++++++++ :
THIS THEY ARE HARDER TO STOP 100 | ww*#ﬂ* ]
i ¢ ]
50 [ _Mf## y
M‘P’ﬁ.’ﬁ.’" ’ . ! ! ! ! !
[ wiATH THIS SIMPUIFIED ENERGY LOSS MODEL, 00 01 02 03 04 05 06 07 08 05 1
GET STOPPING “EFFICIENCY” OF SEVERAL vie
PERCENT (WITH SLIGHT MASS DEPENDENCE)
Gluino Beta Distribution
250 - - - - - * - ' T
s x | wonCu | ) 200 m™m g = 1000 + +++++ﬁ%+w H 1
EIOO E_ i | Bethe-Bloch Radiative E ﬁﬂ + ++++|
% 7 And — 150 **|+ lT 7
2[4 b | | i "}
% *%’g i [ ++ + I&+ ]
?0 10 E_,'JE %9 Radiative ’ _E 100 i n+++ + + + ]
'g r Minimum f:ffe:cts‘7 / losses —; + 1] +
§ “Nuclear ionization reach 1% e [ ++++ .
@ | lesses N\ | lie-===T k- W :tho;tg _____ 50 i * +++++ I+- ]
01001¢ 0([)1 0J1 1 10 100 1000 1(‘)4 1(|)5 106 ““ ++ ,9
O'l i 110 1(J)0 11 ' IJO 1(1)0 11 110 u*)o 04-(7.; 0.'2 0:3 0.'4 0.'5 0.I6 0.'7 0.|8 0.'9 .1
| [MeV/c] | | [GeV/c] l | [TeVic] | vlc

Muon momentum

........
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OPERATIONAL TIMING
STRUCTURE

o A
% Tbeam Tgap
=
®
Q
ge;
)
>
©
O
Q
§e)
=
>
ge;
Q
Q.
Q
1o
7
© Data taking time
+
E T
=4 ® [ [ [ s T
IfT; T Tbeam Oeﬁ‘ective 4 [Gproduction 8st0p] greco T T 1 €
beam 1 gap
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SIMULATION STEPS

CHOOSE A POSSIBLE BEAM DUTY-CYCLE TO
STUPY (B.G. 12H COLUISIONS, 12H NO
BEAM).

POISSON FLUCTUATE THE EXPECTED
NUMBER OF GLUINOS PRODUCED N 1 DAY
WITH THAT DUTY-CYCLE ASSUMING THE
CROSS-SECTIONS SHOW PREVIOUSLY AND
LUMINOSITY OF 1032,

RANDOMLY ASSIGN A PROPUCTION TIME
(RELATIVE TO T=0 AT FIRST COLLISION)
FOR EACH GLUINO WITHIN THE TIME
WINDOW AND KEEP TRACK OF (T.

THROW AGAINST KINEMATIC PPFS TO
SIMULATE ACCEPTANCE

THROW AGAINST VELOCITY PBF TO OBTAIN
BETA WITH WHICH TO DETERMINE
STOPPING DISTANCE.

G.

COUNT NUMBER OF GLUINOS FOR WHICH
THIS DISTANCE IS LESS THAN THAT OF
CMS CALORIMETRY (~1M) INCLUDING
FACTOR OF 2 TO CRUDELY ACCOUNT FOR
CHARGE/NBEUTRAL FLIPPING

FOR A GIVEN GLUINO LIFETIME, THROW
AGAINST AN APPROPRIATE EXPONENTIAL
TO GENERATE A DPECAY TIME RELATIVE TO
THE PRODUCTION TIME ASSIGNED IN STEP
=3

COUNT HOW MANY GLUINOS STOPPED IN
STEP 6 AND DECAYED IN STEP F WITHIN THE
NO-BEAM WINDOW (WHERE THE
ENVISIONED TRIGGER WILL BE RUN) FOR
THE GQIVEN LIFE-TIME AND DUTY-CYCLE

BEING STUDIED.

REPEAT FOR VARIOUS MASSES, LIFETIMES,
DUTY-CYCLES, ETC.

20
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SCENARIOS SCANNED

AT THE MOMENT, | HAVE NO IDEBA WHAT THE INTER-FILL
OPERATIONAL SCENARIO OF THE LHC WILL BE (DOES ANYONER?)

ANYWAY, AS AN INITTAL STUPY, | HAVE PONE THE FOLLOWING:

[ HAVE SIMULATED ONE-MONTH OF PATA TAKING AT 103%

| HAVE SIMULATED DUTY-CYCLES OF 6H/18H, 12H/12H, 18H/6H

| HAVE SIMULATED GLUINDO MASSES 200, 500, 700, 1000 GEV

| HAVE SIMULATED LIFETIMES RANGING FROM 1H TO 1 WK

B e S L e D
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NUMBER OBSERVED PER DAY
IN ONE MONTH @ 1032

Number of observable surviving stopped gluinos per 50/50 Day

50% DUTY-CYCLE (12H BEAM-OFF) 6o + ‘ ]
; } L] | T
12+ LIFETIME 0 + | | N | T * +
: T l I Il l l . ]
FOR 300 GEV GLUING, COPIOUS PRODUCTION i + | + _:
RATES MEAN COULD EXPECT T SEE AN E + g
AVERAGE OF ~20 DECAYS PER 12H BEAM-OFF o
?ERI(@D 0 [ L L . . A ]
0 5 10 15 20 25 30
DAYS
l:[ vERY E A SY D( SCOVERY Number of observable surviving stopped gluinos per 50/50 Day
:
FOR 500 GEV, STILL HAVE AVERAGE OF ~= _ ]
DECAY'S PER 12H BEAM-OFF PERIOD ot T '—
6 — -
[1 €EASY PISCOVERY e (4] ‘ 1
| s AR
. g g
HEAVIER. MASSES NEED MORE THAN A % T + o T + T :
, N 22 2 <= \ER\ [ . . . . . ]
MONTH @ 1072 TO MAKE A DISCOVERY 0, : - - ” > %
DAYS

v D e L
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NUMBER OF STOPPED
GLUINOS VS. TIME

i fD
FREEZING THE MASS (2300) AND THE DUTY- Time of Decay (seconds)

CYCLE (50%), | CAN VARY THE LIFETIME AS 120 | *
ILLUSTRATED (N THE PLOTS ON THE RIGHT ol | &\ M | &
l%%w *& | ||w el
THE PLOTS AT THE RIGHT SHOW 2.5 DAYS 80f w | 1+ WT i
WORTH OF GLUING PROPUCTION (12H \WHEN 60 | | ! + £ I ]
BEAM IS ON) FOLLOWED BY 12t OF DECAY 3 t} N # ;
WHEN BEAM S OFF FOR TWO DIFFERENT 40 { ‘ ﬁ} i ' *
LIFETIMES (1H AND 12t) 20 f # I S
: M ' + 1 X 10’4'
v A, L othe o8 ]

[ FYl12H = 43,200 SEC 0 20 40 60 80 100 120 140 160 180 200

Time of Decay (seconds)

NOTE THAT BY RECORDING OBS. NO. OF : | —
GLUINDS AS A FUNCTION OF ABSOLUTE TIME N0 ¢ ;
SINCE T=0, ONE CAN MEASURE THE LIFETIME 80+ 12H | | M -
(WHICH: IS RELATED TO THE SUSY BREAKING Zg ww | w ﬁ + %:
MWW,
0r d& ﬁ | w il P&
L] BTW, TO DO THIS WE WILL NEED TO 30 )W + H'H*l'l W}}Tﬂ ;

STORE UNIX TIME OR SOME SUCH IN %0 ﬁ e t g .
THE EVENT RECORD 13 b v X 107

0 20 40 60 80 100 120 140 160 180 200
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.

NUMBER OF STOPPED
GLUINOS VS. TIME (CONT.)

HERE ARE PLOTS FOR
SLIGHTLY LONGER
LIFETIMES, 1D AND 1WK.

AGAIN, ONE COULD BASILY
MEBASURE THESE LIFETIMES
wWITH 1 MONTH DATA @ 1032

FOR LONGER LIFETIMES
(MONTH, YEAR) WE COULD
STILL OBSERVE 300 GEV
GLUING BVENTS BUT IT MIGHT
TAKE LONGER THAN A
MONTH TO ACCURATELY
MEASURE THE LIFETIME

Time of Decay (seconds)

i
30:— m w
“ ;1 # +'

O WY Ex:r_o‘*

0 L L L L
0 20 40 60 80 100 120 140 160 180 200

ol 1D Ki
|

Time of Decay (seconds)
30 F ' '

25 |

L e
i

5_—||

x10*

0 Il Il Il Il
0 20 40 60 80 100 120 140 160 180 200
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VARYING PUTY CYCLE (eH/18H,
12H/12H)

OO0 FINALLY, | KEPT THE MASS (300) AND
LIFETIME (1H) FIXED AND VARIED THE
DUTY CYCLE FROM 50/50 TO 25/7#5 AND
F5/25

0 7THEPLOTS AT RIGHT ILLUSTRATE THE
EFFECT OF THIS VARIATION

[1 OBVIOUSLY, IN THE FIRST CASE YOU
HAVE HAD LESS COLLISIONS SO You
GET LESS GLUINOS BUT YOU HAVE A
BETTER CHANCE OF OBSERVING
THEM IN THE 12H BEAM OFF WINDOW

[1 INTHE SECOND CASE, THE REVERSE
S TRUE

Time of Decay (seconds)

"l
ko
)

; Iy
20 : ﬂ
. %# .~ . | f M‘ﬁ . . | x10*

0 20 40 60 80 100 120 140 160 180 200

Time of Decay (seconds)

[} 1gH/en

120
100 |
[
S0
¥
60 |+*

40*# ! S
”F . “\&

0 20 40 60 80 100 120 140 160 180 200
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HOW TO DO A FULL GEANT
SIMULATION OF SUCH EVENTS?

L INACTUALITY, TO OBSERVE THESE DECAYS SHOULP BE RELATIVELY BASY
[0 PROVIDED AREASONABLE TRIGGER THRESHOLD SET §DPETECTOR LIVE

O BUT TO SIMULATE SUCH A PECAY (AND IT'S RECONSTRUCTION) IS A LITTLE BIT
TRICKIER ... SINCE THIS PECAY WILL HAPPEN MUCH MUCH LATER THAN THE
NORMAL SIMULATION TIME-SCALE

O wepecipeD TO STURY THIS BY FACTORISING THE PROBLEM

als. PROPULCE GLUINOS, ALLOW THEM TO HADPRONISE AND INTERACT WITH THE

CMS DETECTOR, AND POSSIBLY COME TO REST. MAP OUT WHERE IN SPACE ;

THIS STOPPING OCCURS. g

2. SEPARATELY SIMULATE THE DECAY OF SUCH PARTICLES. PRODUCE A GLUINO E
BUT TRANSLATE ITS PROPUCTION VERTEX FROM (0,0,0) TO A POSITION
DETERMINED BY THE ABOVE MAP. DECAY THAT GLUINO INSTANTANEOUSLY.

!

¢

= v - ISP SRS WS WP W AT WA T WV W ERY I CRSETrLY VO e W e . "
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GEANT SIMULATION FOR
ENERGY LOSS IN CMS

FOR CMS, A. RIZZI,
(EUR.PHYS.J.C50:353-362, 2007) HAS Energy as a function of radial distance for charged R-Hadrons
IMPLEMENTEDR A SCHEME FOR
HEAVY STABLE COLOURED =

PARTICLE INTERACTIONS WIATH: 260000
MATTER IN GEANT

Ene

50000

[0l PBASED ON SO-CALLED
“CLOUD” MODEL

40000

30000

WE USE™* THHIS
IMPLEMENTATION ANP
“WATCH” AN R-HAPRON'S 10000

KINETIC ENERGY, WHEN [T - AL T =

HAS REACHED ZERD, L.€. 07000 2000 3000 4000 5000 6000 7000 8000
STOPPED, WE RECORD THAT Rho/mm
POSITION

20000

*ACTUALLY, FOR CONSISTENCY WITH MY SIMPLE SIMULATION, IN THE STUDIES SHOWN
HERE THE NUCLEAR INTERACTIONS HAVE BEEN “TURNED OFF”




RADIAL STOPPING LOCATION

| Stopping Location in 2D

O THE GEANT SIMULATION g10000F
CONFIRMS WHAT WE SUSPECTED = 8000
FROM OUR. SIMPLE SIMULATION

6000
40001
2000

[0 STOPPING RATES OF A FEW °F
PERCENT 20001
-4000:—
-6000;—
[l MOST OF THOSE STOPPED DO 8000}~
SO IN THE CALORIMETERS OR. -10008 056 6000 -6000 4000 2000 02000”4000 6000 8000 10000
x/ mm
THE IRON OF THE RETURN
YOKE

[l HEAVIER GLUINO MASSES,
THOUGH PRODUCED
SIGNIFICANTLY MORE
RARELY, STOPPED MORE
EASILY




WHAT FRACTION STOPS
WHERE?

O THougH THERE IS
SOME DEPENDENCE
ON MASS*, ROUGHLY

[1 ~5% sTOoPIN
CMS’'S ECAL

Ll —55% STOP IN
CMS’S HCAL

[1 ~40% sTOPIN
CMS’'S RETURN
YOKE

*THIS PEPENDENCE CAN ACTUALLY BE EXPLOITED, SEE NEXT SLIDE

Stopping Detector

18000

16000

14000

12000

10000

8000

6000

4000

2000

0

HCAL

IRON RETURN

:7 YOKE

A

ECAL

HBYBYBEB B LOMBYE MEEBHENBKE MBS OV EMGHB YETOEBEGRBYUBLFEMEra EFPO e 1ESVIEPEMEMMBEix EI HaEBYESEME &g
Detector component in which particles stop
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THIS IN FACT COULD BE USED TO
EXTRACT THE GLUIND'S MASS

avbel

E.G§. COMPARE THESE

[0 SINCE THE ECAL S THE FIRST \
DETECTOR THAT COULD STOP P I S S
T THAT THE GLUING WILL 121 :
SEE, THE RATIO OF THOSE 10| YOKE/ECAL -
STOPPED IN THE ECAL TO )
THOSE STOPPED IN SOME 8 HCAL/ECAL ]
LATER ENCOUNTERED :
DETECTOR ELEMENT (S °r . HCAL/YOKE .
ACTUALLY RUITE SENSITIVE Al o :
TO THE GLUING MASS : ® |
| 2 — ° ° ® —
| [l THE YORE/ECAL RATIO IS P
THE MOST SENSITIVE SINCE 400 600 800 1000 1200 1400
IT HAS THE LARGEST LEVER Gluino Mass
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HOW DO HADRONIC INTERACTIONS
CHANGE THINGS?

Effective stopping probability for R-hadrons
O  Fwe Now TURN ON THE NUCLEBAR >0.16 |

INTERACTIONS, WE OBSERVE ROUGHLY 80141
THE SAME DISTRIBUTION OF STOPPING g |
LOCATIONS AS WE BID PREVIOUSLY ® 012}
0.1}
O THE STOPRPING RATES, HAVE HOWEVER, 0.08f
SIGNIFICANTLY INCREASED ;
0.06
[0 WHILE THERE IS SOME EXTRA 0.04 prom s e RS
ENERQGY LOSS THROUGH NUCLEAR 0.02 ...................... ...................... ...................... ...................... ...................... .......... .

INTERACT—(ONS,THIS(SOFFSETBY R I
THE FACT THAT SOMETIMES THE R- 200 250 300 350 400 450 500
HADRON IS NEUTRAL ... WHAT (S gluino mass
HAPPENING?

PRI S S S S S |

ol

These doubly charged states (R-hadron
analogue of A**) lose energy 4x faster, and
are thus the most likely to be stopped

] T LS PUE TO THE FORMATION, OF POUBLY
CHARGED R-BARYONS

F T3 7 FT 3
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F T3 7 FT 3

NOW THAT WE KNOW WHERFE

THEY WILL STOP ...

WE USE PYTHIA AS A PARTICLE GUN
TO PRODUCE A SINGLE R-HADRON, OF
A GIVEN MASS, AT (0,0,0)

WE SET ITS 4-MOMENTA SUCH THAT
IT'S AT REST

WE THEN TRANSLATE THE R-HADRON
TO ORIGINATE FROM A RANDOMLY
CHOSEN (Vx, Vy,Vz) WEIGHTED BY THE
MAP OBTAINED PREVIOUSLY

NEXT WE HAVE PYTHIA DECAY THE R-
HADRON AND HADRONISE § SHOWER
THE DECAY PROPUCTS AS NORMAL

Radial Stopping Distance, Gluino Mass = 300 GeV Entries 2531

0
0

50
40 |
30
20

10 |

HCAL

r T T ™1 Mean 3378
RMS 1872

Underflow 0

1

Overflow

Integral 2530

Y

ECAL

1000 | 2000 3000 4000 500%\ 4000/ 7000 8000

R[mm]

IRON RETURN
YOKE
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R-HADRON DECAY
SIMULATION DPETAILS

0
R-HAPRON PECAY S ESSENTIALLY A GLUINO PECAY, RQUARKS X’1 .\e\
ARE SPECTATORS I
I

~
(9
‘O
—

*

I
—

R-hadron

ME = Mg - 2 GEV

. spectator quarks

THE COLOUR STATE OF THE SPECTATOR RUARKS ACTUALLY
EFFECTS THE QLUON/RUARK JET FORMATION

[  THUS, PECAYING STAND-ALONE GLUINO IS NOT ENOUGH,
NEED TO SIMULATE THE ENTIRE BARYONIC SYSTEM

THANKS TO STEVE MRENNA, WE PUT TOGETHER CUSTOM BPECAY
TABLES THAT ALLOW PYTHIA TO PO WHAT WE NEEDR

+DIRUARK) SYSTEM

R-hadron — g q (qq)

[0 WE DECAY THE WHOLE COLOURLESS (GLUINO+RUARK |_) g %O
n
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RECONSTRULCTION?

[0 ecAN WE RECONSTRUCT THESE EVENTS?

[1 NOTSTRICTLY NECESSARY AS LONG AS CAN TRIGGER ... BUT WOULD BE

O we HAVE RUN THE STANDARD CMS RECO SERUENCE (THOUGH WE ONLY
ATTEMPT CALORIMETRY +_JET RECONSTRUCTION)

[0 AND SURPRISINGLY, WE FIND SIGNIFICANT ENERGY DEPOSITS IN THE

[0 INTERESTINGLY THOUGH, AS YOU SAW PREVIOUSLY, A SIGNIFICANT
NUMBER OF GLUINOS ARE STOPPED BEYOND THE CALORIMETRY - VERY |
RARELY PO THESE PUNCH BACK THROUGH TO THE CALORIMETER AND
DEPOSIT SIGNIFICANT RECONSTRUCTABLE ENERGY™

*IF WE WANT TO RECORD THIS CLASS OF EVENTS, WE'LL PROBABLY NEEP A MUON CHAMBER TRIGGER

NICE |

CALORIMETER AND CAN IN MOST CASES RECONSTRULCT A )JET OR TWO

3 Ao o S S aa i o o

—p— R e AR B 20 22 2ol
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JET RECO RESULTS

Jet Energy, Iterative Cone - 0.7 Entries 938 Jet Energy, Iterative Cone - 0.7 Entries 929
T T T T T T T Mean 47.59 M
T T T T ean 67.29
RMS 35.92
RMS 56.95
102 | Underflow 0 mg = 300 GeV Underflow 0
Overflow 0 102 F Mo = 50 GeV Overflow 0
Integral 938 s X Integral 928
— A i

10 F mg = 200 GeV ] 10 E

: mgo = 50 GeV | i !

1k [ Anon 1 1F \—H‘H-I g

200

0 50 100 150

250 300

0O 20 40 60 80 100 120 140 160 180 200 220
Energy [GeV]

Energy [GeV]
O uSING AN ITERATIVE CONE ALGORITHIM, R = 0.7
[0 SIGNIFICANTLTY ENERGETIC JETS ARE FOUND IN MOST CASES

[0 THERE S, OF COURSE, SOME DEPENDENCE ON THE SUSY POINT
CONSIDERED DUE TO AMOUNT OF VISIBLE ENERGY IS AVAILABLE

P R T e ——
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DEPENDENCE OF GLUINO MASS ON
RECONSTRUCTION EFFICIENCY

Stopping Rate x Reconstruction Efficiency, ma =200 GeV Stopping Rate x Reconstruction Efficiency, ma =500 GeV

0.22F ; 0.055 | :

02 B — ]

018 i — mxo=50 GeV _: 005 ] - mXO:SO GeV _E

: E 0.045 | — m =100 GeV

0.16 ; — m,=100GeV | — m,=200GeV

0.14 | . 0.04 g .

0121 ; 0.035 | '
0-11 5 0.03 |
0.08 | E :
0.04 | ] 0.02 ¢

0.02 | E 0.015 | _

O B | | 1 1 ) | | ] - | | 1 1 1 1 1 1 | B

0O 20 40 60 80 100 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180 200
IC7 Jet Energy Threshold IC7 Jet Energy Threshold

AS YOU WOULD EXPECT THE HEAVIER THE GLUINO, AND THE MORE VISIBLE
ENERGY (N THE DECAY, THE HHGHER THE THRESHOLD MAY BE SET
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VERY PISTINCTIVE EVENTS AS EXPECTED!

37



JET TRIGGER STUDIES

|_RH Reco 200_50 efficiency from L1JET trigger energy | h1.20050 1 ["RH Reco 200_50 efficiency from L1JET trigger energy | hi1_200_50
0.2 . : € .
0.18 W ALAL sum Ey f 001'§ 1 HCAL sum E ]
0.16 mi\ max.jet E; 0.16 ] max jet E
014 P max L1jet E; 014 | max L1 jet E |
012§ ] 0.12 ]
0.1 :_H“‘;}: : o1l Ny | B OR &7
0.08 | NS f : R T |
s 15{.\ e ] 0.08 | 1,\ 1,1‘& Loy ]
0.06 | g HLL_ 3 0.06 | o
; "‘\:\ 1 : i \‘H\R\ lL‘H
0.04 | o : 0.04 | X, =
0.02 | : ] - s !
o . - ] o.o§ ; [T |
0O 20 40 60 80 100 120 140 160 180E20 0 20 40 60 80 100 120 140 160 180E200
T
O usSINgG THE CMS LL TRIGGER EMULATOR, | Trigger efficiency for R-hadron decays |
WE HAVE STUDIED JET TRIGGER S sl
EFFICIENCIES S ook P
£ 09} y, P
0.85 | 4 [
0.8} o
0 weFIND HiGgH EFFICIENCY, INPEPENPENT 0.75 f ;%' M(gitine)=200
Tk ; (gluino)=2
OF MASS, AT ALL REASONABLE 0.7} M(gtuino)=360
THRESHOLDS 0.65 M(gluino)=500
0.6
0.55
Ll POESNT MATTER MUCH WHETHER 0-507750 100 150 200 250 300 350 400 450 500

WE CONSIDPER € OR &+ M(gluino)-M(neutralino)




AN ARTIFACT OF OUR
TREATMENT OF TIMING

0 NORMALLY PARTICLES TAKE

SEVERAL NS TO REACH THE
CALORIMETERS

[0 THE RESPONSE OF THE 0.18
CALORIMETER 0.16 &
ELECTRONICS IS 0.14
ACCORBINGLY DELAYED 0.12 g
RELATIVE TO THE BX triggered on current BX =50
TIME BY THIS FUIGHT
TIME

O N oUR SIMULATION, WE 0.02 |
INSTANTLY TRANSLATE R- ot
HADRONS TO THE

RH Reco 200_50 efficiency from L1JET trigger energy hl1_200_50

0.2

triggered on previous BX —

0.22 |

0.08 |
0.06 |
0.04 |

——T T 1T ——T1——T1—— 1 Entries 1200
............... . Mean 46.01
: : : : : : : RMS . 49.09

............ tnggeredoncurrent_

orgprewc;»us BX

CALORIMETER CAUSING
SOME EVENTS TO
(ARTIFICIALLY) APPEAR (N
PREVIOUS BX

HE S TS S e = S B S R B B

—

v—v—v

=

MR S G S A e S B e -
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TRIGGER SYNCHRONISATION

[0 sSINCEDECAY IS
UNCORRELATED WITH LHC 0.6 T T
cLock (To wHieH SN SR R R L 1 O D R
CALORIMETER ELECTRONICS 05| _________________ d 1 ................... ___________________ ________________ :
ARE TIMED INT®), EXPECT SOME T I
ENERGY LOSS 0.4

0.3}
0 wWe HAVE SIMULATED THIS [

EFFECT BY SMEBARING DECAY o2f
TIME UNIFORMLY ACROSS BX T T
WINDOW N S s e S -LW ------------------- _—

0 weoBSERVE NO SIGNIFICANT - 0 30 40 50

EFFICIENCY DEGRADATION DUE Ot [ng}
TO THIS TIME SMEARING

e L 4 Y =Ty L 4 Y Y 4 R A S S e — . e e
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UPDATED OPERATIONAL
SCENARIO RESULTS

0 we HAVE REPEATED THE DECAY TIME/
OBSERVABILITY STUBIES | SHOWED YOU
PREVIOUSLY, BUT NOW

L] INCORPORATING THE FULL GEANT SIMULATION,
INCLUPING NUCLEAR INTERACTIONS FOR R-
HADRONS THAT | HAVE SHOWN YOW

[ AS WELL AS THE TRIGGERING AND
RECONSTRUCTION EFFICIENCY OBTAINED FROM

THE FULL CMS SIMULATION WHICH | HAVE
SIMILARLY SHOWN

N UNFORTUNATELY, RESULTS OCBTAINED WITH FULL

CMS SIMULATION MUST BE APPROVED BEFORE BEING

SHOWN OUTSIPE THE COLLABORATION,

[l  BUTICAN SAY THAT THESE STUPIES LARGELY
CONFIRM OUR EXPECTATION THAT THIS SIGNAL
IS A FIRST WEEK OF DATA KIND OF SEARCH

*From the makers of the original “AIRPLANE!”

*(Not The Wright Brothers)

PARAMOUNT PICTURES PRESENTS TOP SECRET!

STARRING WL KILMER-LUCY GUTTERIDGE * MUSIC BY MAURICE JARRE
WRITTEN BYJIM ABRAHAMS DAVID ZUCKER JERRY ZUCKER AND MARTYN BURKE
PRODUCED BY JON DAVISON AND HUNT LOWRY
DIRECTED BY J[\i ABRM l \\b [)I\\ ID ZUCKER JERRY ZUCKER

(v et i - S

PG e wow sssmy a5 | 0TS FROM THE CHEL Mo I ated \I\R\\K)L\T}’Kflllﬂ
’ ﬁ

[
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BACKGROUNDS

SINCE THESE DATA WILL BE
COLLECTED WITH THE BEAM
OFF

ONLY SIGNIFICANT PHYSICS
(AS OPPOSED TO
INSTRUMENTAL) BACKGROUND
SOURCE WILL BE COSMIC RAY
SHOWERS

THE RATE OF THESE WILL BE

LOW SINCE CMS IS 100
METERS UNDERGROUND

NO PROBLEM FOR TRIGGER
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BACKGROUND ESTIMATION

0 THECcosSMIC BACKGROUND WILL BE
ESTIMATED FROM PRE-COLLISION
COSMIC DPATA ONCE CMS IS FULLY
OPERATIONAL AT POINT 5

[1 o®BvIiOUSLY, NO SIGNAL IN THESE
PATA

O THIS wiLL HAPPEN THHS SUMMER

O INSTRUMENTAL BACKGROUNDS CAN ' | \\\\\§§ %%////

BE RULED OUT STATISTICALLY ——

[ E.q.wWEKNOW (OR WILL KNOW)
HPD NOISE RATE

[l o) HZ ABOVE 20 GEV




WHAT CAN WE LEARN FROM RECENT PO PAPER?

PHYS. REV. LETT. 99, 131801 (200#)

THIS PAPER PRESENTS A NICE
SEARCH FOR STOPPED GLUINOS
USING JET DPATA FROM DO
RECORDED

UNLIKE OUR PROPOSED
TRIGGER, THEY HAD OUT-OF-TIME
TRIGGERING AND
RECONSTRUCTION
INEFFICIENCIES AS WELL AS
BEAM RELATED BACKGROUNDS

THEY RE PRIMARY BACKGROUND
HOWEBVER, WAS (AS WILL BE THE
CASE FOR US) COSMIC RAYS
THAT SHOWER IN THE
CALORIMETER

Events/ 10 GeV

10

107

|

I

I llllll|

I

I ]IIIIII

I

5 e - *

DQ, L=410 pb™’

— Background

---- Signal (mg=400 GeV, 0=0.71pb)
= Data

:fL_l LIJLJH +

—100

1 I | |
200

“400 500 600
Jet energy (GeV)

| 1 I 1 1 1
300

As mentioned, we will derive our cosmic

background estimate simply by running our
trigger before any collisions have occurred ...
but until we have this sample, maybe (just for
fun) we can scale from DQ’s estimate?
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BACKGROUND GUESSTIMATE, SCALING
FROM Flg 1. OF DO PRL

Assume volume of CMS’s calorimeters are 2x that of P0’s (total quess)

Assume fraction of cosmic rays that shower in 00’s calorimeters will be
same as the fraction that will shower in CMS’s

Assume coswmic ray flux is attenvated by a factor of 3 at CMS due to being
100w underground

P0’s data were collected over 22 months, with say 80% detector efficiency
and say 307 downtime (total guess) = 1 year

So | get that the cosmic background at CMS in a week of our trigger with
50% livetime should be, roughly:

80 events fromFig. 1 x2x 1/3x 1/12x 1/4x 0.9
=0.99 events/wk. at CMS
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O

O

SENSITIVITY TO SUSY
BREAKING SCALE

IN SPLIT SUSY, LIFETIME IS
RELATED TO THE SUSY BREAKING
SCALE AS BELOW:

megs )4( 1TeV

—3x 1072
g £ Sec(109GeV mg

)5

THE PLOT AT RIGHT SHOWS WHAT
SCALES THIS KIND OF SEARCH IS
SENSITIVE TO (~10f - 10**)

BLUE = 1H, GREEN = 1D, RED =
1MO

COMPLEMENTARY TO THOSE
LIFETIMES ACCESSIBLE PURING

LIFETIME

 SENSITIVE AREA

N

2ISPwe SRR RN

1 -
-t s :
ﬁﬁ%ﬁﬁﬁ%ﬁﬁ ﬁﬁiﬁgaﬁﬁ 1 P! SER S R
1

HEH ) ﬂEEE%EEEMEﬁ 5%5 -t
10 > 110 10 ¢

I /T
@g% > | 8% 4

1
% , Eoait %\

i %
. 1

COLLISIONS, POWN HERE

SUSY BREAKING SCALE

46



INDIRECT CONSTRAINTS ON

A. ARVANITAKL BT AL (paysrovorzorson,2s) SET
LIMITS FROM VARIOUS SOURCES ON
POSSIBLE GLUING MASSES § SUSY
BREAKING SCALES (ANP THUS LIFETIMES)

F GQLUING MASS > 300 GEV (500 \WATH:
DIFFERENT ASSUMPTIONS)STRONGEST
CONSTRAINTS COME FROM BIG BANG
NUCLECSYNTHESIS (BBN)

[1 UFETIME < 100 SECONDS

[l UNLESS INTHESE HOLES IN THE
EXCLUSION CURVE

[0 NB. THESE CALCULATIONS RELY ON
HIGHLY SPECULATIVE R-HAPRON
CROSS-SECTIONS

THE LIFETIME

ALTERNATIVE ASSUMPTIONS
ABOUT UNKNOWN R-HADPRON
INTERACTIONS

[a— [a—

) )
— —
AN oo
T

[U—

O
o
S
T

SUSY Breaking Scale (GeV)
5 s
(e} N
Collider

[a—
o
oo
.\ T T
- RunIl |

Q |
an
—
106 l . A R | . R
100 200 500 1000 2000 5000 10000

Gluino Mass (GeV)

IF MASS < 300 (500) GgEV,
LIFETIME LIMIT IS WEAK,
10° YEARS
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CAN LOOK AT THE ABORT GAPS TOO

T2BUNCHES
25 ns DISTANT

3B MISSING BUNCHES

Bunch D

SMISSING BUNCHES 29 MISSING BUNCHES 119 MISSING BUNCHES
1 2 3 4
- 88.924 ps »-
]

AEBA={[(72b+Bex3 + ek 2+ [(72b+ Be)xd + Ae]}x 3 + {[(72b+8e)x 3+ 20e|x 3+ &le} T

Bunch 3553

A MORE (EXPERIMENTALLY) AMBITIOUS PROGRAMME INVOLVES RUNNING A
SIMILAR TRIGGER IN THE ABORT GAPS

SENSITIVE TO SHORTER LIFETIMES, HHIGHER MASSES, PIFFERENT SUSY

BREAKING SCALES

WE HOPE TO HAVE THIS TRIGGER ALSO IMPLEMENTED (AT SOME POINT) IN CMS

g
= =

AJEA SRR 2 == 3
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SUMMARY § OUTLOOK

0 ®RUASI-STABLE CHARGED PARTICLES MIGHT BE PRODUCED AT THE LHC

[0 THESE COULD BE SPUT SUSY GLUINOS, WHICH | HOPE I'VE SHOWN (S AT
LEAST AN INTRIGUING POSSIBILITY

OO INANY CASE, SOME FRACTION OF THESE WILL COME TO REST IN CMS

| [ THESE CAN EASILY BE OBSERVED VIA A CALORIMETER TRIGGER RUN
| WHEN THERE (S NO BEAM

0 RATES ARE SUCH THAT IF THEIR MASS (S LIGHT (< 500) , AND LIFETIME
REASONABLE (1H - 1 MO.) A DISCOVERY COULD BE MADE IN THE EARLIEST
PHASE OF THE LHC ERA

[l MASS g LIFETIME CAN EBASILY BE MEASURED, GIVING EXPERIMENTAL
ACCESS TO THE SUSY-BREAKING SCALE

[0 sHoULP BE A FUN WAY TO FIRST PHYSICS AT THE LHC

TR = v e e R B R B e & -

B e S L e D
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