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Many models predict long-lived
exotica that could decay inside CMS: |

CMS
Motivation

Compact Muon Sobenos)

Independent of any theoretical motivation these new topological
signatures provide clear evidence for physics beyond the SM

We search for the two following signatures:
— Displaced lepton pair produced inside the CMS tracker
— Long-lived particle decay into photon(s) + X

“Hidden Valley” models (right)_

GMSB SUSY: X1 — v+ G
with weak coupling

Weakly R-parity violating SUSY
“split SUSY™: long-lived gluinos
(squarks very heavy)

7/6/12 valerieh@princeton.edu 2




gg—> H > XX >l =41 (electron) L=5.1fb!(muon)

Heavy Resonances Decaying to Long-Lived
Neutral Particles 1n the Displaced Lepton
Channel (PAS: EXO-11-101)

7/6/12 valerieh@princeton.edu 3



Identification of displaced leptons

1s designed for prompt leptons

CMS

Compact Wuon Sobencs)

Standard CMS lepton 1dentification 1s less efficient because it

Instead, 1dentify displaced leptons by looking for tracks which

match an object from a specialized displaced lepton trigger

7/6/12

Require that tracks are:

- —
§ 1 -
High P, and Isolated N [ -7 Simulation
.. P —— Data ]
Have a significant transverse 5OF Ty,
. c
displacement d, 2 06 . b
: : =R +
Match a trigger object Yo i :i:% ;
For electrons, are also matched i +
to a deposit in the EM calorimeter o2 N ;
(provides better energy resolution T Y |

CMS Preliminary
LI I | I T LI I T

than the track momentum)

as determined from cosmic ray data

valerieh@princeton.edu

d | [cm]
tracking efficiency for displaced leptons,




Entries

Identification of candidates
* Reconstruct X candidates by looking for dilepton pairs t

make a significantly displaced vertex

CMS

W/

Compact Wuon Sobencs)

* Also require vertex flight direction collinear with candidate
momentum and reject back-to-back muons (cosmics)

. Signal efﬁciency range 4-30% (electrons), 5-50% (muons)

CMS Prehmmary\F—? TeV L=4.1 fo’!

R R RN RN RN R R R

g A
RARSRRES T |E1°4 °e :;Q(DH o »
LI TT T T s
2 —H(1000)—» w )
10 B QCD 10 =
ee Cott c
Il Z/y* - ee 107 T
N Z/y* - 1t
10 B ww
Ast
2z
m |Data
1 107
102
-1 0 2 4 6 8 10 12 14 16 18 20
10 Ly/o
1072 vertex displacement

significance for ee (left), ee
0 2 4 6 8 10 12 14 16 18 20 with loosened cuts (center),

/Sy (right)
7/6/12 valerieh@princeton.edu

CMS Preliminary \/s=7 TeV L=5.1fb

T | TTT | T T | TTT | TTT | LI I 1T | TTT | TTT | TTT
' —— H(1000) - XX(350), 1 pb

10° E QCD e
10? E
10 E

1 =

1 0-1 _|
10 5
-3 —

0 2 4 6 8 10 12 14 16 18 20
Ly,/o
5



CMS
Results: Dilepton Mass Distribution

Compact Won Sokence)

We look for a signal as a narrow resonance in the mass spectrum.
Total events passing all cuts in data:
e 0 events 1n muon channel, 4 1n electron channel
consistent with background expectation 0.02709) and 1.387175,
* Main systematic: Tracking efficiency 20% o

CMS nary \'s=7 TeV L=4.1 b " cMm: inary \s=7 TeV L=5.1 b "’
UJ,]OSIH' ee T T T[T T T T T I [TTITTTTTT] B= S ——
_-.G:-‘J : € o ;gggoo)—)xx(ssompb 3 § 1035— w ;ggéoo)ﬂxx(géo)J pb 3
5 10°= ==L E c F =D
E B Z/y* > 1t L 102§_ =§,’I*::P—H E
10 . ww - E I ww
E Jwz r wz
C . 2z 10 I zz =
1 i " Dty = E ® Data
- 1L
107g ﬁ E
102k : 107
10° ¢ E 102¢
10’4—4— 1 L bbb Lo Bl L :||||||||||||||||| Do b bl
0 100 200 300 400 500 0 100 200 300 400 500
mass [GeV/c?] mass [GeV/c?]
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Upper limits using CLs

CMS

Compact Muon Sobencs)

Fit signal & background PDFs for the mass spectrum to observed
data to set limits on H — XX cross-section using CL, technique

Include signal efficiency, cross-section, and systematic
uncertainties in limit-setting procedure

Set limits for a variety of H and X mass combinations
CMS Preliminary\s=7 TeV L=4.1 fb’

3
|III

—
o
IIIIIII| T

TTTTI] T T TTTIT

- ee

Ui L

—¥— m, =20 GeV/c®
—&— m, = 50 GeV/c?
—=— m, =150 GeV/c?
—e— m, = 350 GeV/c?
Expected limit (95%)

IIlIII 1 IIIIIII] 1 IIIIIIII 1

TTTTTI] T T TTTTIT T T TTTTIT
m,, = 1000 GeV/c?

III1:-

Cross Section x BR [pb] (95% CL)

10°

10°

ct [cm]

1 m,, = 1000 GeV/c?

Limits ™
0.7-10fb

valerieh@princeton.edu

CMS Preliminary \'s=7 TeV L=5.1 fb"

—
TTTTT] T 1T

- MU

-
o =
N - o
T T T T T

—
<
N

—
<
w

IIIlI| T T TTTTITI T

TTTTTT T T TTTTI T T TTTTTT
my, = 1000 GeV/c? !
—¥— my =20 GeV/c® =
—— m, = 50 GeV/c? E
—=— m, = 150 GeV/c?

—e— m, = 350 GeV/c?

Expected limit (95%)

Cross Section x BR [pb] (95% CL)

ct [cm]
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Displaced Photons:

I Long-Lived Particles Decaying to Photons and Missing
Energy (PAS EXO-11-067, hep-ex/1207.0627v1)

IT Search for Long Lived Particles using Displaced Photons in
the pp Collisions at (PAS EXO-11-035)

7/6/12 valerieh@princeton.edu 8



Displaced photons

Case Study: Gauge-mediated SUSY (GMSB)

* The gravitino 1s the lightest SUSY particle (LSP)
* The lightest neutralino is the next-to-lightest SUSY
particle (NLSP) and 1s long-lived

[

%=y +Gl

p
A [GeV] cT [mm] oro [pb]
100 1, 250, 500, 2000, 4000, 6000  0.2357
120 1, 250, 500, 2000, 4000, 6000  0.0860
140 1, 250, 500, 2000, 4000, 6000  0.0368
160 1, 250, 500, 2000, 4000, 6000  0.0181
180 1, 250, 500, 2000, 4000, 6000  0.0092

7/6/12
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Novel Technique I: Photon Conversion

il
(PAS: EXO-11-067/hep-ex/1207.0627v1)

~ 50% photons can convert into

Ly

¢'e pairs by interacting with the silicon

material in tracker.

Event per IP 0.4 cm

10°

10°

-

CMS

W/

Compact Wuon Sobencs)

Look for photons
with significant
dyy to identify
long-lived
particles

—ct=2cm
CMS Simulation

10

P
7 ' —_

e

kY ﬁf‘ﬁ?

'{W W ﬁ% [l

i I

il

It

e —
—e—ct=5 cm -

2 ~=ct=10 cm 9
D ]

S
W HT '*

ct=25cm

i w

1
-5 -10 -5 0 5

Reconstructed converted photons yields the photon direction

7/6/12
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Selection Criteria

Compact Won Sokence)

* Di-photon Trigger
. at least 2 energetic photons in the final state
: Ercut of >45 GeV and >30 GeV for leading and sub-leading
photons selected on the plateau of the trigger efficiency
* Photon Id
— Any ECAL Barrel photon with £,>45 Gel satisfying:

— Track + ECAL + HCAL Isolation 2 [~ -
§ CMS 2011, (5 =7TeV | Ldt=223b"
— Prompt Electron veto 2 L e DataE™S30Gev ]
B §+ —+— GMSBMC ? ct=5cm >
-
z

10 3

* Photon |dy[>0.6 cm, optimized by

the average expect limit of production 'F ‘tﬁ ‘i r+ e —

Al Hr—H o+
. -1 | _4
Cross section. 107 gt 1 T + 25

Photon |dxyl (cm)
** Efficiency for c T =5 cm is 1.58%.

7/6/12 valerieh@princeton.edu 11




Result: Photon d,, Distribution

Compact Wuon Sobencs)

« E;miss< 20 GeV of data was used as control
region to describe signal region E;™s> 30 GeV

CMS Fx:)e‘:r at LHC, CERN

Data re d b Y Jul 24 18:05:02 2011 PDT
L | Ru F r 171446 / 617408005

{ 1| Lumi section: 489

» Background of 0.7873:33 events expected;
one 81gnal event observed

LA L L R R L L L R L L L B L L L B NN L B LN I B BN

CMS 2011, {s =7 TeV J.Ldt =2.23fb"

2

OI T Il””ll T TIIITTII T Il”lll] T TTT IT[

—— lIsolated Photons ET*°<20 GeV

—«— lIsolated Photons ET**>30 GeV

’J—I..l...l...l..
0.6

08 ! Pho on Id f‘tcm)

7/6/12 valerieh@princeton.edu 12
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Upper Limit Using CLs

Novel technique leads to new

95% CL upper limits on the
cross-section for pair

production of neutral particles,

cach of which decays

into a photon and invisible particles.
Limits are set as a function

of the long-lived particle's lifetime.
Strengths of this result:

« applicable to a general class of

T I T ] .
CMS 20117557 TeV dt=2.23%p"

—

—l— Observed limits u
---&-- Expected limits

[ ] 1o expected limit
| | =20 expected limit

Cross section (pb)

. o 5 10 15 20 25 30
new phySlCS Neutral particle proper decay length ct (cm)
e sensitive to short lifetimes (good
. (& - 0.1 - 1ns |
dy resolution)
* requires lower missing ET than
cT (cm) 2 5 10 25

many SUSY photon searches

o (pb) 95%CL || 0.21 0.12 0.11 0.14

(PAS: EXO-11-067/hep-ex/1207.0627v1)

7/6/12 valerieh@princeton.edu 13
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Displaced Photon: Technique 11

Search for GMSB with Displaced Photons

DO (6.3 fb"l): Di-photon prompt

> Z

115 E E 2

- ] 14
Y = 12 E f g

g E -1.45 F

(PAS: EXO-11-035)

Sadercm)

Compact Wson

L=4.86fb!

Basic principle: search for an excess of events
over SM expectation in distributions of missing
ET and ECAL time (time of impact of the photon
on the surface of the ECAL)

N - = o i s =
o SMssmumenzen ST _ggp OMsSmumenzon o7y
g T —— E E
-1.05 5 - ‘\ 3 -1.3 E
: o . E : SR
: H o™\ i = uh-
AE ‘\ =] ) E -1.35 F Qy
— 3 E S ol

.25 : E
....... YETYITTI SYTRTTITTY ITTUTRTTE FRTTRTTTI FITTRITNT I ) =TRVEUTETE FRTEVITETE FTRTETITE FETSTRTETE FATPTTIT

002 004 006 008 01 0.12 075 08 08 09 095 1
n n

Mass(y?,) > 175 GeV/c? pre 105, 221802 (2010) ,
CDF (2.6 fb-!): Di-photon non-prompt Displaced photon Prompt photon

Mass(y?,) > 149 GeV/c?, lifetime (x°;) > 2 ns

PRL 104, 011801 (2010)
7/6/12
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Selection Criteria

. 1 CMS Preliminary 2011, 4.86 fb ™ s =7 TeV
Gogl. Look fqr events with one N A NARRRmas
isolated, high-Pt photon in = o DATA ) ;
10 3 W QCD multiet (MC) 7§

association with at least 3 jets W+ Jet (MC)

. . . 10" & I DY and W — | v (MC) é

Online trigger: Photon with Et>90, e WZ+Jet+y (MC)

E #eee Bkg. stat error El

Et>90 + 3Jets Pt>25 —_— GI\?SB (100,2000) 7

S e GMSB (100, 250) E
Offline: 10*

* Photon with Et>100GeV
* Isolated (TrackertECAL+HCAL)

N
o
w

Number of Events / 20
3,
m

N —
-~ o
T TTTTIm TTTIT T TTTTI TTTIT TTTIT TTTIT TTTIT

 Photon not associated to electron:

AR (v, electron) > 0.25 .l

* Photon not overlapping to jets: 0 200 400 600 800
AR (v, jet) > 0.5 Photon P [GeV/c]

o 3 J ets Wlth Pt >3 5 G eV data-driven techniques used to estimate main

backgrounds;
7/6/12 valerieh@princeton.edu 15



Number of Events / 0.50

Data/Bkg.

MET and ECAL Timing

Good agreement of the main discriminating variables MET and ECA

Timing between data and expected background over their full range

Full shapes of these distributions used to search for an excess (more
sensitive than cut-and-count approach) over the SM background

Main Systematic: Uncertainty on the background shape (stat)

CMS Preliminary 2011, 4.86 fb -

1 08 I T T T T I T T I
1 07 . DATA
[ v + Jet (data)

10° I QCD multi-jet (data)

5 [ it + Jet (MC)
10 B DY and W — | v (MC)
10* W/Z + Jet + v (MC)

3 “ Bkg. stat error
10 GMSB (100, 2000)
102 GMSB (100, 250)

10

1 -
10
102
107

-4
10 4

2 5009

L B A [}
0
-2 0

Vs =7TeV

CMS Preliminary 2011, 4.86 fb 5 Ns=7TeV
5 10% — No. Events
3 . " DA ot GMSB (100, 250) 6+8
- S GCD mltet (¢at) GMSB (100, 2000) 4+4
2 402 ] g\’; Jea (O/IVC) v (MO) multi-jet and y+jet 80916 = 290
— _ an -1V I . .
2 WIZ + Jet + y (MC) tt + jet (fixed) 73
u 10 s Bkg. stat error W — ev +jet (fixed) 116
o) - GMSB (2000) B . .
> o GMSB (250) Drell Y§n +jet (f.1xed) 67
2 . W/Z +jet + 7y (fixed) 215
g 10" Total background 81387
z Data 81382

vata/bKg.

400

1
32
N
S
1S)

valerieh@princeton.edu

600 800
£ [GeV]

results of final fit to data
— total background
compatible with data
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Exclusion Plots

] 0CMS Preliminary 2011, 4.86 fb™ \s=7TeV 0 CMS Preliminary 2011, 4.86 fb" NS =7 TeV
b~ E I T T T I T T T I T T T ] T T T I T T T I T T T E — T T TTTTT T T TTTTT T T T TTTTT T L=
'.é = ct-, = 250 mm = -8_ % ! ! ! -
= : : Theoretical LO cross-section i = N i
O 4L Observed 95% CLupperlimit | 1O 4| _
T S Expected 95% CL upper limit 3 T = 3
pTe - [ + 10 Expected . e - .
+ 1 i [ ] 2o Expected 7 + B
oxv—.‘ 0 3 = ON‘_ 1 0-1 - =
T - N T .
& 2l ] & 42 1
~ 107 E ~ 107 ¢ M., = 140 GeVi/c? E
© : 7 © - 1 Theoretical LO cross-section
B . B Observed 95% CL upper limit
1073 = | } } } } } } } E 1073 = e Expected 95% CL upper limit —
00 110 120 130 140 150 160 170 18(H n [ + 10 Expected .
i A [TeV] 7 - [ ] +2 o0 Expected ]
10‘4 I 11 I 11 I 1 1 1 I | I I 11 1 I 11 10‘4 | | lIIIIIl | | IIIIIII | | IlIIIIl | L1
140 160 180 200 220 240 260 2 3
1 10 10 10
M-, [GeVic? ct, (mm)
1

1

Using CL to set limits, can exclude y’, masses below 220 GeV,
and proper decay lengths ¢t below 6m

7/6/12 valerieh@princeton.edu 17



2D Exclusion Plot

Compact Won Sokence)

2D mass-lifetime plane of the y?,

0° CMS Preliminary 2011, 4.86 fb™ \Ns=7TeV
.g. 1 07 f_ """"" CMS expected with y + Jets (4.86 fb'l) _:
- N Good extension of
(&) 10 6 CMS observed with y + Jets (4.86 fb™) N
5 ? CDF withy y + E_+ Jets (2.6 ) ? llmltS set by Tevatl”on
10" = = . .
N P T New exclusions are:
10* S =
i - Mass(y?,) > 220 GeV/c?
1 03 g_ _§
10° ;_ sPss —; CTX <6000mm
= GMSB7 — v G 3
& M, = 2A, tan(B)=15 7
1 O — Np=1,u>0 =
1 _* P I |i L _;I
100 150 200 250
M., [GeV] )




CMS
Conclusions

First three results from CMS on distinct new topological signature involving
long lived particles using 2011 data were presented

95% C.L. Upper Limits have been placed on the production cross section x BR

gg —> H — XX — Il for H masses of 200-1000
GeV/c? and X boson masses of 20-350 GeV/c2, => o x BR ~0.7-10 fb, for X
bosons with L, in the laboratory frame of ~2-100 cm (PAS EXO-11-101)

95% C.L. Upper Limit on the cross section for pair production of neutral
particles, each decaying to one photon and MET, 1s 0.11-0.21 pb depending on
the neutral lifetime, introducing a new technique for long-lived particles
decaying to photons (PAS EXO-11-067/hep-ex/1207.0627v1)

Upper limits at 95% C.L. were set on the GMSB cross section in SPSS,

and from these upper limits a mass below 220 GeV/c? and below ct 6000 mm
can be excluded for y° (PAS EXO-11-035)

7/6/12 valerieh@princeton.edu 19
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Displaced Lepton Limits (More)

. - _ -1
CMS PreliminaryVe=7 TeV L=4.1 fb CMS Preliminary\s=7 TeV L=5.1 fb”

j E Ie'fl‘el-lllll k IlllllrITI_] =I410I0Ie;V/CI2I T E : F T ‘LI-Illlll T T TTTTTT T T TTTTTT I2I TTTTTT |
O B H _ - m,, = 400 GeV/c .
< 10 —+— my =20 GeVic? O 4L MF e m, =20 GeVIc? E
) C —=— m, =50 GeV/c? i X g X ) E
@ 10¢ —e— m, = 150 GeV/c? E g 100 +mx:50GeV/c ) ]
o) E Expected limit (95%) 1 ~ = —e— my =150 ‘_SGY’C E
o 1 [ N a E Expected limit (95%) ]
x E S o1c E
@ i 1 1 F g
x 107g = o0 r ]
c ] x 107 E
9 B 7 c E 3
‘t)‘ 10_2? E 9 C ]
B L ] 5 10%E 1
@ 10'3§— E n C ]
e 1 IIIIIII| 1 IIIIIII| 1 1 IIIIII| 1 IIIIIII| w 1035_ _E,
O 10—1 1 10 102 103 8 E 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| E
ct [cm] G 10" 1 10 10? 10°
ct [cm]
j E T J.I_IIIII T T T TTTTT T T T TTTTT T 177177117y
T _ 2 O o[ MM my, = 200 GeV/c? N
Top: limits for m,, = 400 GeV/c < 10 e = 20 GoVie?
S 1oL —e— m, = 50 GeV/c? i
Bottom: limits for m, = 200 GeV/ = Expected limit (95%)
c2 S o1 E
o F E
(electron efficiency is too small, 2 oL ]
so only muon limits are set here) s ]
B 10%F E
(D) F -
wn L ]
810°F
O 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 I

7/6/12 valei3 10" 1 10 102 10°

ct [cm]
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Event Selection Efficiency

Compact Wuon Sobencs)

cT [em] 2 5 10 25
Efficiency 0.92% 1.58% 1.80% 1.39%
Statistical errors || 0.05% 0.06% 0.06% 0.06%

Event selection efficiency depends on neutralino lifetimes

EXO-11-067

7/6/12 valerieh@princeton.edu 22



Fake photons as control samples

|dyy| distribution comparisons:

— Fake photon E,/55<20 GeV vs E/"55>30 GeV (left)
— Fake photon E,/"55<2() GeV vs isolated photon E/"s5<20GeV (right
— Normalization by the total number of conversions, and reweighted by

conversion vertex y? probability.

Compact Won Sokence)

Fake photons: One of the 1solation criteria 1s not satisfies

2y T T T T £
§ " (a) CMS 2011, (s =7 TeV ILdt=2.23fb“ ? § o (b)
- m 10E
(i _ = -
5 el Fake Photons E7*°<20 GeV _ ‘5 -
5 E —— Fake Photons ET**>30GeV = & 10° |-
i >
2 10 % ok #

e
—
o
LI Ill

Ill:ll

—
T IIIIHII 1 IIHHII

I

14$ HTITT_L 10-1_A,..

T I T T

CMS 20

——

TTT TT

LA

1,(s=7TeV |Ldt=223f" -

Isolated Photons ET"*°<20 GeV
Fake Photons E]'*<20 GeV

| IIIIIIII 1 1 IIIIII|

| II![IIl

1- IIIIIII|

—h
Q
o=
l

0.5 1 1.5 2 2. 0 0.5
Photon IdXYI (cm
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Shape Variable

CMS

Compact Muon Sobencs)

-~ z
S¢¢p + Syy £ \/(5¢4> — Syy)” + 45,

S Major —

*  Syinor — LOW and high cuts are to select photon

*  Sygor — Make sure all correlated variables

o |

Minor 2 2.85 -

»  Exploit shape of the energy deposit in the ECAL 25|

3
§
/e
HrEE)

like objects (correlated to topological cuts) 2.5}

\ (€g. Oy at HLT) does not introduce bias 24

7/6/12 valerieh@princeton.edu
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Systematic Uncertainties

Compact Muon Sobenos)

Trigger efficiency

Source of systematic bias | Uncertainty
Luminosity | 2.2%
Systematic uncertainties in the signal efficiency
Pileup modelling | 2%
Parton distribution functions | < 1%
Renormalisation and factorisation scales | < 0.5%
Tracking efficiency | 20%

2.6% (€), 11% (1)

Mass resolution

0.4 % (e)0.8 % ()

7/6/12
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7/6/12

Systematic Uncertainties

Systematics Uncertainty (%)
Integrated luminosity 2.2

Jet pr/ETSS energy scale < 0.5
Pile-up 2.5
Photon identification data/MC scale 2.6
Photon—electron difference 0.5
Conversion reconstruction efficiency 21
Photon dxy resolution < 0.5
Total 25

valerieh@princeton.edu
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Systematic Uncertainties

Compact Muon Sobenos)

Source

Uncertainty (%)

Signal efficiency:

Photon energy scale < 3.0 -
Jet energy scale < 0.05 Uncertainty on
Jet energy resolution <19 ' signal efficiency
PDF uncertainties <17
Signal shape: ,

Ft1 resolution < 1.5 ] : Uncertamty on
ECAL time uncertainty < 5.0 signal shape
Background:

Shape < 10.5 :
Normaliiation < 0.3 e Uncertamty on
Multi-jet/y+ jet fraction <05 background
Luminosity 2.2 %

7/6/12
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o [fb]

10°

10

CMS, !
3
}
3
° ° ?
Current Limits for GMSB — /Y
|
SPS8 GMSB SUSY (Prospino 2.1) d=1 UED (PYTHIA 6.421), AR_=20
Ly Fl||||‘||l||‘lI|ll|I||||I|||l‘|||||||||||||
DZ 6.3 fo! B NLO cross section é --------------- Expected exclusion region with yy+E_and 2.6 fb"
observed limit © 25

Observed exclusion region
- - - expected limit

[ expected limit =10
expected limit +2 o

d Observed exclusion region with y+ET+Jet and 570 pb™

ALEPH exclusion region
Cosmology favored region with 0.5 < MG < 1.5 keV/c?

20

- - B

: - 2,

- . = GMSB %, —vG

- - = M,,=2A, tan()=15
B

N,,=1, u>0

-t

PR | L L L | - L L | PR L 1 L
120 140 160 180

II‘I!IIIIIIIII'IIII|IIII|II

- m , [GeV] A
: 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1X1| 1 :
N 220 240 260 280 300 320 340 360 ]
B m,. [GeV] -
L T S T T T ST T T LT T A by by b P b vy b v by
80 90 100 110 120 130 140 o 0 90 100 110 120 130 140 150 160
A [TeV] )’(‘: mass (GeV/c?)

« DO (6.3 fb!): Di-photon prompt PrL 105, 221802 (2010)
Mass(y?,) > 175 GeV/c?
« CDF (2.6 fb'!): Di-photon non-prompt PrL 104, 011801 (2010)
Mass(y?,) > 149 GeV/c? , and lifetime (¥%) > 2 ns
« CMS (2.2 fb"): Single photon non-prompt Exo-11-067— No interpretation
(4.6 tb-1): Single photon non-prompt Exo-11-035
Mass(y?,) > 220 GeV/c? , and lifetime ct(y’,) > 6000 mm
« ATLAS (1 fb-!): Di-photon prompt PLB 710, 519-537 (2012)
7/6/12 MaSS(Xol)vgerlencgp(r}@Vmedu 28




Technique II: Photon Time of Flight |

Compact Wson Sobence)

1 For the ECAL time calculation: Calculate a weighted =~ =~ cMsPreiminay 2011, 48617 V8- 77ev
average of timing for all crystals in super-cluster 730000, .
. B ]
£ B W
T i % 88 Teaiip .
>l 520000 .
of 5 | :
2 The time of the pp collision will vary event-by-event ‘E15000f .
(correct for this) =z | ]
Calculate T, (corrected timing) by subtracting the mean time of 10000} .
the event from the signal photon (using all rechits not belonging to N
the two most energetic photons) 5000 .
i T R T T
% 0 2 4 6
ECAL Time [ns]

Teorr = sig Tinean 0T, = \/ 0'%

2 ~
sig + aTmean T UTmean

*  This improves the timing resolution (with respect to
using the ECAL time of the seed crystal only) lowering
uncertainty from knowledge of the beam-spot
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Background PDF

CMS Simulation {s=7 TeV
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Fit of the background shape to a simulated sample with with lifetime-related selection
Requirements removed, shown for the electron (left) and muon (right) channels. The shape
used is that of a Breit-Wigner distribution times a turn-on function, added to an

exponential term.
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