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Outline

new physics?
atter

ch (first half of CDF data)

ounds (Cosmics & SM collision backgrounds)
ion methods for Background

rward: what can we do next?

with updated tools

ta from CDF-> full CDF dataset

= Simulating Higgs 2 neutralinos signal with Monte Carlo
= Optimize the search for Higgs

m Conclusions
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Why new physics: Hierarchy
problem

= When trying to
calculate Higgs mass
with self interactions, it
does not reach finite
number!

@ Need something that
enables us to have a
finite Higgs mass

m Tevatron and LHC both

my = mp,,. + omy see a new particle in
Higgs searches
= Js it *a* Higgs? *The*
Higgs? We still have

hierarchy problem



shysics: Dark matter

broblem with SM
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SM particles) make up
mass

hing that could help
1 problems




supersymmetry

Standard particles SUSY particles

Higgsino

a symmetry
etween fermions
d bosons

every fermion,

ere is a corresponding
on (and vice-versa)

10Nns = matter
@ Bosons = mediators

m Attractive solution to both

roblems presented
(why?..)

’ Leptons . Force particles Squarks Q Sleptons o SUSY force
particles




sSupersymmetry

@ How does SUSY fix our
problems?

= Higgs: sparticles

............ introduce corrections to
Higgs mass with
opposite sign (stays as
finite number)

= Dark matter: According
to R-parity, lightest
SUSY particle *cannot*
decay = excellent dark
matter candidate!



e have yet to detect
upersymmetry

must be broken (we don’t see

'osSible mechanisnr is Gauge Mediated
symmetry Breaking (GMSB)

preaking is transmitted via Standard
gauge Interactions



_____

Mason and Toback

Phys. Lett. B 702, 377 (2011)

Qutline of our search

= GMSB model where sparticles are
too heavy to be produced at
Tevatron and LHC

» Sparticle production at
Tevatron dominated by
production and decay of
lightest Higgs

= Produce Higgs which decay to
neutralinos (t ~ ns) which decay to
photons and gravitinos = look for
gammas + missing energy!

= Neutralinos = next-to-lightest
stable particle (NLSP); gravitinos
= lightest stable particle (LSP)



= Up until 2008, most

10

levatron

FERMILAB'S ACCELERATOR CHAIN

MAIN INJECTOR

powerful particle —
aCCeleI'atOI' in the \ \ 7 souncs
world f

Center-of-Mass
energy equal to 1.96
TeV

Collides protons and
anti-protons




Final State

In general GMSB models, NLSPs
may be long-lived before they
decay to LSPs and photons

CDF Calorimeter

Tevatron has 0.5 ns timing
resolution

= Higgs produced with smaller
boost = able to detect delayed
photons

Thus, we only look for single _ S
photons (we get a photon whose ¢ — |1’f — i
timing is “delayed” with respect to corr = of ¢ c
time of collision) since other
neutralino will have left detector

Our final state = photon + missing

energy, *nothing* else
11
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Backgrounds

Standard Model Collision Sources

Backerounds in two types:
o\ | +gnon-SM i

SM backgrounds can have
many vertices per collisions;
sometimes right vertex is not
reconstructe

Wrong vertices mess u
timing and produce fake
(large) flight times -
dominate SM backgrounds
However, all SM

backgrounds can be modeled
as two Gaussians

For non-SM backgrounds,
cosmics are flat smearing
across timing distribution

Arbitrary Units

W — ev — Yiake + B
v +iet =y +ietioee = Y+ Hrpe
W = 70 = Yake + Hp
W = lvy = v+ lost + Hp
Zy —=vvy—=~v+ Hy
Non-Collision Sources
Cosmics
Beam Halo
Satellite Bunches

Il Right Vertex
I Wrong Vertex

Cosmics
E== GMSB MC Signal

tcorr (ns)



Key to Collision Background
Estimation

1 thoy = (tFY — V) + (TOFry — TOFwv)

Geometric term:

; small RMS, with
sqrt(2)*1.28. Primary mean up to a
contribution to RMS nanosecond

Determining wrong-vertex mean
and RMS is key to backgrounds

13
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SM Backgrounds: double
Gaussian

Have to account for
effects which can bias
our sample

After taken into
account, we can model
backgrounds as double
Gaussian fits: right-
vertex and wrong-
vertex

Wrong-vertex mean is

non-zero, with RMS of
~2.0 ns

RMS doesn’t depend on
mean
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» | Fit from -10 to 10 ns

y2 I ndf =26 /37 Exclusive y + E‘r

—— W— ev MC, ~11 fb"
Il Right Vertex

- Wrong Vertex
- Mean=0.73£0.19 ns

Exclusive y + ET

—— W-s ev MC, ~11 fb™
—o— y+Jet MC, ~25 b
—e— Wy MC, ~500 fb!

&F —+ Wopvme, ~70? © s

1
—— Wow MG, ~11fb! Data, 6.3 fb
—e— 2y MC, ~25k fb —s— Data, 6.3 b (E_> 30 GeV, E; > 30 GeV)




round estimation methods

predict number of e

y . . | Mean = 0.0 ns RMS = 0.65 ns
events in signal region [ | o
<7 ns)

Normalization of
wrong vertex

backgrounds

= Wrong-vertex mean

(RMS is independent
of it)
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Nrong-Vertex Mean from No-
Vertex Sample

—tWV 4+ (TOFy — TOFyv)

‘corr corr

4 CDF Run Il Preliminary Mean Of NV and WV

Exclusive y + B

—a Woe ME, 11! approximately equal,
Ry since t"V has mean of
o e 0, and TOF,and
TOF,yy are roughly
equal since deviations
ot are small compared to
e Datn, 637 (€, > 30 GV, B, > 30 GeV) detector radius
= Agreement using many
different data and MC

control samples



/rong-Vertex Mean from No-
Vertex Sample
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5 CDF Run Il Preliminary
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Exclusive y +

—s— Wosev ME, ~11 fb!
y+Jet MC, ~25 fb!

—e— Wy MC, ~500 fb™'

—s— Wopuv MC, ~7 fb”'

—e— Wty MC, ~11 fb!

—#— Zy MC, ~25k fb™!

e+ET

—&— Data, 6.3 fb™'

—e— Data, 6.3 fb”' (ET > 30 GeV, E, > 30 GeV)
—— Wrong Vertex RMS 2.0 + 0.1 ns

CDF Calorimeter (Xf ’ tf_)

AZ ~ 28 cm




Study with 6.3 fb'!

CDF Run Il Preliminary

| Exclusive y + E

.
| —— Data, 6.3 b
| EE Right Vertex

10° F I
; |
| B Wrong Vertex | ]
|
|
|
|

yw/ E; >45GeV 38,291
& MET > 45 GeV

Reject beam halo 36,764
Reject cosmics 24,462
Track veto 16,831
Jet veto 12,708

Large |Z| vertex 11,702
veto

ARy 10,363

Good vertex 5,421/4,942
events/No vertex
events

Cosmics
1 Signal Region

10? E
I .
+++*+*+*l,}++++**+*+***+++++++++++++++++ﬂ+’f+ﬂ* | +

}

| Cosmics Region | 1
I

20 40 60 80
tl::orr (ns)

Events/1.5 ns

Likelihood fit on
sideband to estimate
events in signal region




Results

CDF Run Il Preliminary

Exclusive y + E
—+— Data, 6.3 fb”
Il Right Vertex
I Wrong Vertex
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CDF Run Il Preliminary

Exclusive y + ET
—+— Data, 6.3 fb"

1o Fit Uncertainty
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N(SR),,. = 322
N(SR)..., = 286 + 24

exp

Significance = 1.2¢

For such a modest
excess, all events are
above expectation

Impetus for doing
study again with full
dataset
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‘ward: what can we do
next?

et-up for next analysis
ull 10 fb! dataset taken by

late Higgs = neutralinos with full
‘detector simulation tools

| we make our search more
sophisticated and more optimized?

20



or next analysis

ome of the cuts

ing to add new track isolation cut

ved background fit calculator
ware with our current framework

21



yw/ E; >45GeV 68,139
& MET > 45 GeV

Reject beam halo 64,363

Reject cosmics 43,214

Track veto 24,193
Jet veto 13,269

Large |Z| vertex 12,183
veto

ARp 10,558

lesults with new cuts

= This is comparing to
the OLD way of doing
the analysis (does not
reflect on upcoming
analysis)

= Working on
understanding the
results

22
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CDF Run Il Preliminary

Exclusive y + ET
—+— Data, 6.3 fb™
I Right Vertex
I Wrong Vertex
Cosmics

40 |} Exclusive y + ﬂT
—4— Data, 6.3 b
1o Fit Uncertainty
I 2o Fit Uncertainty

B [ & [

Results with new cuts

N(SR).,. =330
N(SR)..., = 366 + 34

exp
Significance = -0.9¢
Still work to do in

fully reproducing old
results
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0 fb'! dataset

t down in September 2011
f Run II, CDF collected 10

y to add 4.7 fb! to our existing 6.3

e to calibrate the rest of the dataset
easier said than done!)
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Iggs signal with MC

doing simulation work

25



e sophisticated search

10ment, we have a simple

L " Lower E; thresholds
= Raising Py of vertex

26



onclusions

study complete, ready to

new tools, can optimize search for
and Supersymmetry

Looking to refine how we do our analysis

27






(400d photon selection

Quantity |Selection Cut
EM cluster E+ 1 cluster with E+ > 30 GeV
Fiducial | Xces| < 21 em and 9 < |Zees| < 230 ecm

Hadronic fraction Euap/FEem < 0.125
HadE > —0.3 + 0.008 - ES [13]*

Energy isolation Eine 04 <2.0+4+0.02. (Er —20.0)
CES E/E > 0.2 [13]*
1st CES cluster Eitip + Ediie > 10 GeV
energy (FEcgrs cut)
2nd CES cluster The bigger quantity of the CES 2nd cluster strip
energy or wire energies required to be smaller than one

of the two corresponding sliding cuts:
(1) B3y < 0.14E7

(2) B3, <24 4+0.01- Er

PMT spike rejection* | Apyr = [pEMIL=EMI2L <

Track Multiplicity Number of N3D tracks either 0 or 1
Track Pr HEN3ID=1— Pr<1.04+0.005- Ep

TABLE IV: The good photon selection cuts. Note that these are standard photon ID cuts for high Ev photons [17], with the
following exceptions (marked with a * on the above table) described in CDF note 9625 [18]: the standard y&gg cut is removed,
and the PMT asymmetry cut to reject PMT spikes, and two new cuts on Hadronic E and CES E f E to reject cosmics.




NON-SM Backgrounds: Cosmics

CDF Run Il Preliminary

Exclusive e/y + E;
Cosmic Ray Data (v + E;)
i —— Electron Data (e + F;)

(=]
-

o
o

Probability/0.04 GeV
o [=]
'g o

-0.5 0 0.5 1 1.5
Hadronic E - ( - 0.30 + 0.008 x E;,) (GeV)

e+E.

—e— Data, 6.3 fb"

I Right Vertex

. Wrong Vertex
Mean =0.17 £ 0.05 ns
Cosmics

Events / 0.5 ns

Flat distribution across
time

To avoid swamping our
signal, require some

energy in CES and
hadronic calorimeters

Reduces cosmics rate
significantly (no need to
worry about other non-
collision backgrounds)



5 CDF Run Il Preliminary
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Exclusive v + 21
—e— Wo ev MC, ~11 fb™
y+Jet MC, ~25 b’
—e— Wy MC, ~500 b
—s— Wouv MC, ~7 fb”!
—a— Wty MC, ~11 fb!
—a— Zy MC, ~25k fb™
e+E,
—a— Data, 6.3 fb’
—a— Data, 6.3 fb™' (ET > 30 GeV, B, > 30 GeV)
—— Wrong Vertex RMS 2.0+ 0.1 ns

Normalization of WV

backgrounds

= Normalize wrong-
vertex backgrounds
from the (-2,-7) region

= Follows well
predictions from
double Gaussian
approximation



Tr — LT
teorr = tf — t; — Q

1 t. = arrival time

measured by

EMTIiming

t. = initial time

measured by space-
time vertexing

= X = final position
measured in the CES

= x; = initial position
measured in the

space-time vertexing

Photon Timing

=@ Our primary analysis
variable is the time of
arrival of the photon
at the EM calorimeter
minus the expected
time of arrival.

= We calculate the
expected time of
arrival assuming the
photon originated at
the event vertex and is
prompt.



Likelihood fit

w
E

(g — a)
'y P
207¢

= E —n;Iny; + vy
i

—InL=—-—InLoy —InLyy — Z

constraints

n. = observed events
V. = expected events

04 = parameter being
onstrained

@ o= nominal value of
parameter being
constrained

@ o) = systematic
uncertainty on oy



Parameter | Nominal Value | Systematic Uncertainty
7

o) 0 ns 0.05 ns
RMS{(tH ) 0.05 ns

= AT eorr

(tWVy (2 0.08 ns

\CeorT S

RMS{¥VY | 2.0 ns 0.1 ns

= \NTCoTT/




Wrong-Vertex Mean from No-
Vertex Sample

CDF Calorimeter (Xfr tr)

AZ ~ 28 cm



Relating Wrong-Vertex Time to
No-Vertex Time

th = ;" —t)"V) + (TOFry — TOFyv)

Add and subtract time-of-tlight from zero

tVV =tV — "V £ (TOFRy — TOF,) + (TOFy — TOFy v )

CoOTT

And note that:

t0 =t L TOFRy — TOF,

cCorT

tW vV o _ t(}

corr corr

—tWV 4+ (TOFy — TOFyv)




Ny LHC and not Tevatron?

s at Tevatron (CDF), *not* LHC
avored at Tevatron



would look like it has
excess even when we
now there’s no new
hysics

Wrong Vertex mean =
fails to account for
biases towards large
flight times

B WV Mean =0.20 +
0.13 ns

']
c
n
[=]
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=
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ean = 0 BAD ASSUMPTION

CDF Run Il Prelimina

Wrong Vertex Mean Fixed @ 0.0 ns  e+E;
Fit from -10 ns to 2 ns —s— W_s ev (MC ~11 fb™)
Right Vertex
Wrong Vertex
- Mean = 0.0 = 0.0

0
tcorr (ns)



‘ge Flight Times

1Ses



hreshold

vertex can give shorter *AND*



e photons

ive rise to fake photons via hard
the material

se to reconstructed photon
life as an electron)

ethod removes 67% of fake photons
cepting 95% of real photons



0st jets

happen at very large | Z |
outside the detector

ith |Z| > 60 cm, if it
three trac

efficient



Nt backgrounds

lominant background






Beam Halo

by CDF Calorimeter ()_ff, tf) Beam Halo
interactions between

beam and accelerator
aterial

End up as muons

am, with larger
radius

= Leave identifying
signal on calorimeters



Satellite bunches

m Packets within beam ——
line that are not ' RS 532
intended to include
particles, but which

do

= Interact with particles
from main bunch at
an offset of ~18 ns at
very large | Z |

EMCluster Time




