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Outline

* Introduction and Overview

* Gauge Mediated SUSY and
the Higgs Sector

* Phenomenology Analysis

Prospects of Searches for Neutral, Long-Lived Particles that Decay to

° Re S u l 1.8 Photons using Timing at COF

D.T. and P. Wagner
Phys.Rev.D70, 114032 (2004)
® Higgs Boson Decays to Neutralinos in Low-Scale Gauge Mediation
® CO nc I us 'O"S D. Morrissey, D. Poland, and J. Mason
Phys.Rev.D80, 115015 (2009)

Prospects of Searches for Gauge Mediated Supersymmetry with
h® - %3 %3 Production in the Time-Delayed y+Met final state at the Tevatron

J. Masonand D. T
Physics Letters B702, 377 (2011)

David T New work done with Ziging Hong
CIPANP, June 2012 G6MSB . Higas and Delayed Photons 2



Gauge Mediated SUSY
and the Higgs Sec'ror'

» Compelling reasons
to search for both
the Higgs and Low-
Scale
Supersymmetry

* Many mechanisms of
SUSY breaking, will
focus on Gauge

Mediation (6GMSB)

- Light Gravitino (G) and
%5 — vG final states

*B.C. Allanach, et al.,

Toback, Te
Eur. P hYS J. €25, 113 (200.?2,3 Higgs and Delayed Photons 3




Light Neutralino and
Gravitino Model

- What if we don't live in a
minimal world?

* An important and
uncovered region of
parameter space is where

all sparticles except the ¥;

and G and are kinematically
inaccessible at colliders

* No direct sparticle
production at LEP,
Tevatron or LHC

9 Evades current bounds
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Higgs Production and SUSY Decay

* Basically, three things matter:

- Mass of the Higgs = Production cross
section (will assume only h° for simplicity)

- Mass and couplings of the ¥j >

Branching ratio (h® - %3 %¢

- Other couplings in the model > Lifetime
of the %3¢, 1,1 (decay in the detector?)

+ This is a new fmal state topology that
needs to be studied: Exclusive production

- Many searches for yy+Met, but we need
a new search for 7,1 >1 ns

CLFANF, JUune culc GMSB. HIqgs and Delayed Photons o}



Model Parameters

Mo and M0 as

free parameters, but focus on
120 GeV/c?< M, 0<160 GeV/c?

30 GeV/c?<M 7€ 80 GeV/c?

free parameter, but focus on
1 ns <711 < 20ns
Davi X0

CIPANP, June 2012 GMSB Higgs and Delayed Photons 6



Can have a Branching Fraction
BR(h® - %o X0 ) > 50%
Contours of constant BR

My =55GeV_my =135 GeV._ p=300GeV tanj=15

S% 4 T T

450 |

300 -

- 0.5
250 il T T h| 1 | 1 I 1 I I 1 I 1 | 1 I 1 1 |

150 160
J. Masonand D. T
PLB 702, 377 (2011)

Can think of Branching Fraction as a free
parameter that varies from

0% < BR(h® — 71 71) < 70%

tan(p) myp (GeV/ &)



Photons from these decays arrive at

D.T. and P. Wagner PRD 70, 114032 (2004) the calorimeter late Compared to

CDF Timing: NIM A563, 543 (2006) .
CDF Delayed Photon Searches: expectations from prompt photons

PRL 99 121801 (2007) (“delayed phﬂtons").
PRD 78 032015 (2008)




Phenomenology for Exclusive
y+Met

- Assume 10fb-! of Tevatron data o njf"'jjgf;’;-‘ W
» Use CDF Timing system and < — e
" . G — LEDn=4 Mp=0.8 TeV _
Monophoton Search as "Basis of g .l
Estimate” for SM rates -
- Large E+, large Met and large time
- Dominant backgrounds "0 100 120 140 160 180
o . Photon E; (GeV)
1. SM collision where the wrong vertex Photons with |n|<1.1, E.>50 GeV,
was reconstructed MET>50 GeV, jet veto

2. Cosmic Rays

- Estimate sensitivity using the e

“expected 95% C.L. Upper cross S
section limits”

+ Assume 30% uncertainty on the
background and 20% uncertainty

on the signal acceptance
David Toback, Texas A&  '&......i oo o by

A0 8

CIPANP, June 2012 GMSB. Higgs and Delay: - teon (NS)
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Expected Sensitivity as a
Function of Neutralino Lifetime

Minimizes at ~b ns
because

1. Need a long
enough lifetime
to get a delay
for the photon

2. If the lifetime
gets too large,

a - BR (ph)

both neutralinos

leave before
decaying

David Toback, @
CIPANP, June 2012 GMSB Higgs and Delayed PhoTons

3.0

Tﬂ (ns)
Example limit with

M~0 =55 GeV/c?

.Masonand D. T
PLB 702, 377 (2011)



Kinematics and Sensmvu‘ry

- The Higgs - ¥{ mass

difference also of
determines the 2
sensitivity . |
= i

- If the ¥ is very s

boosted it doesn't give
a delayed photon

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
40 45 ) 55 il

- If the ¥ is too
massive don't get a

s [V )

photon that is M,0=135 GeV/c?
energetic enough to h

pass kinematic T-0=D NS
threshold X1

David Toback, Texas A&M University
June 2012 CIPANP GMSB. Higgs and Delayed Photons 11



The Higgs-¥; mass difference
that we are most sensitive to

- Higher Higgs *f
masses |
produce
better
acceptance

- Also, shifts
the optimal o

70 - ol

m [lf-'u\'f L‘I}

¥o mass e ;
* Rises roughly e (GeV/)
linearly 750=5 ns

David Toback, Texas A&M University
CIPANP, June 2012 GMSB. Higas and Delayed Photons 12



a - BR (ph)

Sensitivity at the Tevatron?

Even with this simple analysis we are
often with a factor of two of having

sensitivity Oprod ‘BR for

o USRS tanB = 1.5, = 300 GeV

1.00 | il Op‘timal

|| Expected 95 %
| C.L. Limit

u.nsé— _ b Gpl‘Od BR for‘

120 130 140 150 160 BR < 500/0

m,, (GeV/c?)
S STRUR N -1 1} Y/
CIPANP, June 2012 GMSB Higgs and Delayed Photons 13




Measure any parameters?

M =115GeV,M =40GeV t =20ns
h X X

T T T T T T | T T T | T T T | T T T h1
~ Entries 284981
100 = Mean 1.286
= RMS 1.124
- ¥? | ndf 512/ 31
Prob 0
0= N Constant 12.04 +0.01
= N, Slope -1.274 £ 0.005
- N 2
1(F __ Lhkl __
A
- M N
10=" E
1= =
= | | |_| | | | | | | | | | | | | | | | | | | | | | | |_I||_| | |_| | | =
4 2 0 2 4 6 8 10
TCorrS

Measure the slope using the
functional form
Function = e (tcorr*Slope)

back, Texas A&M Univ.!\.l..e.\c, work with Zlqmg Hong

GMSB ' Higgs and Delayed Photons 14



Slope is most sensitive to M)'??

0
1

"~~~/

*The Higgs - ¥
Mass
difference
determines the
boost > slope

‘For M)7(1) =40

GeV get a slope
of 1.5ns-!

W

S 4

3.5

3

25

2

1.5

1

0.5

Slope v.s. M,H(M |

=125GeV && 1-.=15ns)
x! Higgs Xy

=

ol

s e e e e
Mh0=125 GeV/c?
T)?(1)=15 ns
15

David Toback, Texas A&M University

CIPANP, June 2012

GMSB. Higgs and Delayed Photons



Higgs and Lifetime have Small
Impac*l'

Slopevs. M (M_=40GeV && 1_.=15ns)
Higags X! X

» Around this baseline
value the slope changes ;

25

less than a nanosecond in .
our range of interest

1

Good news: Doesn't e

affect our Mo 5, copeva (4 <12s0my s cioony,

measurement much

Bad news: Have no £

sensitivity to measure 79 - |

lifetime or Higgs mass : S
David Toback, Texas ¢ Uz_ s

CIPANP' June 2012 GMSB. Hiqgs and Deluyeu riwivns ;6_; )



Measure M.,

X0

- If we
measured a
slope of
1.5+0.5 ns-!
we could
determine the
mass to be

4050 GeV

- Combine with
cross section
measurement
fo get Hi/qs
mass and/or
lifetime?
Reduce err'arg?

Slope v.s. M_
Xy

||I|'II|I‘I|I||II|I‘|II|‘I|II||I|I

II||||IIITI||I|

25 30 35 40 45 50 55

I\P-E](Ge\f)

xl:l

115 GeV < M,o <140 GeV
ons < T <30ns

GVid T‘IUU\—I’\, 1 ©AUD TVWAIVY WVINTVG]T o110 ,

CIPANP, June 2012 GMSB Higgs and Delayed Photons 17



Conclusions: h°® — ¥3 ¥5 Search

- Proposed a new search for h® - ¥j ¥ in the
exclusive ¥Ypeiayea + Met final state

- Sensitivity studies for LHC in progress

+ Exciting possibility of discovering Higgs and
SUSY at the same time with the full Run IT
dataset

* Optimal sensitivity when 7.0=5 ns and when
1

the mass of the ¥; is slightly less than half
the mass of the A°

* May even have the potential of measuring
some of the parameters of the new physics

David Toback, Texas A&M University
CIPANP, June 2012 GMSB Higgs and Delayed Photons 18



Backups

David Toback, Texas A&M University
CIPANP, June 2012 GMSB Higgs and Delayed Photons
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Abstract

We propose a search for direct production and
decay of the lightest supersymmetric Higgs
boson to two neutralinos in gauge mediated
models at the Fermilab Tevatron. We focus on
the final state where each neutralino decays to
photon and light %ravi’rino with a lifetime of
order OMs). In the detector this will show up
as a photon with a time-delayed signature and
missing £7. We estimate that using the photon
Timinlq system at CDF, and the full'10 fb™ data
sample, that the sensitivity can be within a
factor of three in some regions of parameter
space for direct production of the Higgs.

David Toback, Texas A&M University
June 2012 CIPANP GMSB Higgs and Delayed Photons 20



Gauge-Mediated SUSY Breaking
Models
~0

/ — 76 models provide

a warm dark matter candidate
Consistent with Astronomical
observations and models of inflation|

More natural solution for
FCNC problems than

vent

e Candidate

Early Universe Later Universe
@ | ] | ] | ] | ] | ] | ] | ] _>
High Ener gy semminar SUSY Searches at CDF 21

April, 2010 David Toback, Texas A&M University



High and Low Lifetime Searches

The lifetime and M- -7
associated particle < p ~r oL =~z
X1
production dictate /,«" Jef
different final 0000040

states

* yy+Met for smal
lifetime

[
Photon
o L N arrival is |
[ - 11 '] 3
7 : delayed
5 ..... \ )
> i
L -

rmyrn crneryy

Seminar
Anmrnil 2010 S _SUSY Se_ar'




CDF Run Il Preliminary, yy+X, 2 fb”
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arXiv: 0910.5170
(submitted to PRD)




Low lifetime Neutralinos

PRL 104, 011801 (2010)

u Data - 3 ifetime=0 ns
B [ 1 QCD w'th fak? #r A 10 ; ected limit and 1 stat. variation ;
> 10 I ith real i, — = — obs®yed cross section limit -
8 = E - L TRy, E= produchgn cross section |
o - P ] i |
N - s=140 GeV, lifetime=0 ns "é‘
P
¢ 1= - = ~ 102 —
e = H- 1° .
% - — . . ’
g. — — L -
w10 = = - .
- ] 10— =
- . — T | AN AN TN T T T [ W T A A A NN N S N MO A T A M AR A B B
104 ] 1 1 | ' 1 1 | 1 | 1 | 1 1 | 1 | 1 | 1 1 | 1 | : ] 70 su 90 1 oo 11 0 120 1 30 140 1 50
0 100 200 500 600 700 %, mass (GeV)

300 400
H; (GeV)
April, 2010 SUSY Searches at CDF



Nanosecond Neutralino Lifetime Searches

102 E_ -.-“!"'ET"'J"-‘t data
o — Al
B Collisions
B 4 [ Beam Halo
2 10 §_ - gﬁnsgBichignal MC . .
I Measure the time of arrival of
c jl‘ photons in y+Met+Jet events
S
m 35_ll|IIll[llllIIIIIZIIIIIIIIII[IIIIlIIIIIIIII_l_

N y+ET+1 jet analysis with EMTiming
- Predicted exclusion region at 570 pb™
Observed exclusion region

—
=

30

10__210 0 A TTTTT I [TrTT
( ) Expected exclusion region with TT"'E, and 2.6 fb"! ]
tCO - ns — Observed exclusiof region with yy+§_and 2.6 b’ -
0 Observed exclusigh region with y+§_+Jet and 570 pb” |
o d ] TR, pb” |
C DF ’ P RL 99 ' 121 801 (2007) g 2 255:.':.3’;3'?'32" n::gion with 0.5<M_<15 keVic? -
= i
CDF, PRD 78, 032015 (2008) T B
G ‘E’ GMSB ;{1—>"{G
' 3 M.=2A, tan(p)=1

N,.=1, u>0

—

i
IIII|IIII|IIII|IIII|-IIII|IIII|IIII

‘ ergy o 90 100 110 120 130 140 150 160 170
April, 2010 SUSY Searche %, mass (GeV/c?)




M, 0 —Mzsgsw  MzCasw

0 M- MzCewSg —MzCaew
—Mz8as8w  MZCIEW 0 —Ii
MzCagsw  —MgCRCW — 0

!

~0 ~0 =0 | .0
X445 X35 X2:\X1

lightest Neutralino



M, 0 —MgSgsw  Mzegsw

0 M- mzew Sz —MzCICW
—MZSASW  MZCASW 0 —li
MyCasw  —MzCaew — 0

Ma, n > My

2
9zo0xIx7 ™ €

1> 250 GeV



py > 25 GeV and |n| < 1.1

)

%
e,
L
=
=
B

e i)

100" 30 40 50 60 70 80 90 100 110 120
m_(GeV)




pr > 25 GeV, |n| < 1.1, Er > 30 GeV

* data
—— SM + signal A=75 TeV

—--—- SM + signal A=90 TeV

—
?.-'.?':-.:-"-:-.-:.::':'::..-"-:. WE-FTT

0 20 40 60 80 1EH]12D14D1EG1HI]2{'.ID
Missing ET{GE‘IJ}

Abazov et. al. (2007): 0710.3946 |[hep-ex]

2 =3, 10 fb !

N



7] {( e f L'!}

500

400

]
th
=

300

250

2) Significant BR

10

L#¥ ]
o
]

=t T

=

=

130

140

myo (GeV/ )




GMSB SUSY at the Tevatron

G
=t . +
g —t 1:1 ;cr y
X T
z‘< - ;
q &= Ve
T-I » T_

xi N '}{ 43 G

GMSB models provide compelling Slightly simpler but less common
motivation for looking for SUSY with models provide motivation for

long lifetime looking at exclusive y+MET and
YY+MET (short lifetime) or YW+MET

vy+MET+Jet (long lifetime) g
Models of this kind are

previously unexplored and a
BOTH THESE SEARCHES new window of opportunity

| = IHm«'E BEEN PERFORMED Phys. Rev. D 70 (2004) 114032 & a
Y  HERE AT CDF 2007 & 2010 Phys. Lett B 702 (2011) 377

David Toback, Texas A&M University
CIPANP, June 2012 GMSB Higgs and Delayed Photons
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Prompt Decays to Neutralinos in GMSB
(phenomenology)

Study a parameter point:

M; =50 GeV, u =300 GeV, tanp = 5.5, my = 1000 GeV

BR(h? = x1x1) = 0.1, my, = 115 GeV, m,, = 47 GeV




Tabke 1

Table of FEqUIrEMENIS 10 SEIECT EXCIUSVE Fospms + Er evenrs. In this table we as-
SUME Myt = 135 I:|:-1.-';'-:"-m11-: - 55.5 GeV,/c" and Tgr =5 5. The accepLance is the
fraction of events passing all the reguirements, and takes iNtD account the 75% jet

veo eMcency SLarming in that row. We take 2 20X unceTiainmy on the acteprance.
The Datkgrouands are sCaled o expecianons for 10 Mo ' and we assume 3 30% un-

CETLANTY.
Cut Signal accepEnce Background events
I = 1.1 15 4% R
K7 = 50 GeV | 6O -
J-'.-F = 40 Gy | 68X =
JeT vem T 2100
Lo = 2 TS 030X 1
J-'.-F = S G 0_ZBX 53

CIPANP, June 2012

David Toback, Texas A&M University
GMSB. Higgs and Delayed Photons
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For the reasons above we considered
_lifetime combinations in the phenomer
Decays may be prom ', ;5" 160 GeV/c2, 30 GeV/c2 < 1

1 < 20 ns. For simplicity we choose c
GeV/c2, m “x01 =555 GeV/c2 an
Ty o) my, =50 G central values of our parameters.

10.00 Typically assume MH>2 MCh10

......................... E-IFHF] I.G'E.Iillrl‘
00
TeV

Can have g litetimes. and.displaced decays

CIPANP, June 2012 GMSB. Higgs and Delayed Photons 34




