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W GMSB - Model

Gauge mediated SUSY breaking can be understood in terms of loop
effects in a renormalizable framework (in contrast to mSUGRA).

Lightest SUSY particle (LSP): Gravitino Typical decay chain
Neutralino or Slepton _
Missing energy from Gravitino jet d'f;edg”r\uo
m
- [
7, q v/Z°
Parameters (general model has 124):
~0
X2 N
N\: Breaking scale N -0 ~
M: Mass scale of the messengers l X1 G

N2\ 20\ 20\ 28\ 22\%

tanf: Ratio of Higgs vacuum expectation values

N: Number of messenger multiplets [
sign(p): Sign of the Higgs mass parameter

C..... Scale factor of the Gravitino mass - lifetime of NLSP

grav*



@ GMSB - Model I

* 4 main topologies in GMSB:
— prompt decay: di-photon events (e.g. GMSB1, tan =5, N=1)
— non-pointing photons (e.g. GMSB3, tan3 =5, N = 1)
— prompt decay: di-tau final states (e.g. GMSBG6, tanp3 = 30, N = 3)
— long lifetime sleptons: quasi stable staus (e.g. GMSBS5, tan3 = 5, N = 3)

M =500 TeV,N=1,
sign()=1,C__ =1

grav

For N > 1, always
Stau NLSP
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@i Data Samples

* Use officially produced Alpgen samples of the SUSY group.
— Precuts are: E;™> >80 GeV, N, > 4, p(jet) > 50 GeV,

p-(leading jet) > 100 GeV for the background

* Typical SUSY background is W+jets, Z+jets, ttbar, QCD jets.
- QCD+photons doesn’t contribute.

* NTuples produced with HighPtView.

* The official Alpgen samples have 1mm bug.
- Corrected with HighPtView.
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Standard cuts on missing energy
and effective mass not sufficient to
reject background.

Large amount of high momentum
photons

—> good cut objects
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W GMSB1 Selection

« Photons: p; > 20 GeV, |n| < 2.5 - _ EMSE”
1°F W
* Many hard photon events in = —— TTBar
GMSB1. 104§ Jets
g ; — total BG
" : 10°F — E
* Additional cuts on effective mass, - 0 e
missing energy, number of N | N
photons and number of OSSF 10°F
lepton pairs. E g
10g ; E
E ! E
; ; i 1_ 0 1 2 3 4 -
* Example cutflow with significance
(normalized to 1 fb"): N,
Meft | MET | nP | LP | Signal | BG Sig nW nz. ntthar | nlets
600 | 20% | 0 | 0 [ 3180.5[ 189349 | 7.3 [ 907415.8 | 11244 | 72041.8 | 8646.9
600 | 20% | 1 | O | 1877.7 | 1434.0 | 49.6 | 5754 | 49.0 | 809.6 0
600 | 20% | 2 | 0 | 4130 | 05 {6145) 0 0 0.5 0
600 | 20% | 2 | 1 | 50.7 0 ﬂ 50.7 0 0 0 0
/
D g #Signal : :
S = ! - .
Large significance Nentte with simple cuts 2 hard photons

channel almost BG free
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* Fast simulation needed for parameter - ——
Scans_ 1:_ t i —fastsimu_\aﬂon
- What is the performance for the os -
signal in study? - +
. . . . 0.6 —
- What are the efficiencies, which have g - .
to be put in by hand? o T E
02~ =_ .
* Full vs. fast simulation for GMSB1. S T R R I4(|)_0‘|_T—I__—I5_(')_Ol—ﬁ;?l‘}?};
Errniss(GeV)
0.16;” o ﬂﬁ}l ﬁ-‘ | *;uwll nlm;ati 0'6:_ I I I__|
Fake phOtOﬂS N TR ﬂH_Jr — fak c +++ — full simulation
0_14N j_}ﬂ +++++ ~ fast simulat 0-5; :F ‘H: — fast simulation
012~ Hﬁ H i Hm ! +++++++ E b - ; + ;
Inefficiencies™-__1" {1 f o 4 Cutvalue, no 4T B + .
008 f ik T Tmm 1 further correctionos- . | £ E
006~ I 'y, . applied o + - =
0.04/— H Jrj”rﬂﬁ "3 N— - ++ ey +i
3++++++++ f Bt 3 S e o\
0'02; ++ + ﬂ + + +++++ ' ++++++++++++ tett ++ Jr{ 0'1_7\“;* ij: E
05"20 20 60 80 100 120 140:6{;+1§52ng u;illllit":-ji
500 1000 1500 2000 2500
Pr; 1 (GeV) M, (GeV)

- Agreement is achieved by correcting fast simulation by known efficiencies



*  GMSB simulation with ATLFAST
Generation with ISAJET 7.74 (M =500 TeV, N =1, sign(n)=1,C__ =1)

. MC Data normalized to 1 fb"

—~

T NLSP =
§

Decrease of cross section with A

—> Decrease of significance

- Large discovery potential of
di-photon signature in part of
parameter space.

—> no photons 0

grav

, the assumed photon efficiency is 70%.

50

30

GMSB1 A(TeV)

overy potential

160

140

{120

- 100



Efficiencies

« In GMSB the NLSP can have different lifetimes due to C__,.
= Non-pointing (to the IP) photons in the calorimeters, as in GMSBS3.
- Shower shapes etc. look different!

- normal photon triggers (here g60) maybe inefficient. —
Efficiency wrt offline [ —
T T L ot T L L i : - *
? - EM Calorime:j] | 2
'g 1— GMSB1 Ayt 4—|—+"’+‘{‘ + +++++" ] +J'r‘|"|‘|'+ JF‘LH:F Y Barrel » g
) I JrJr++ L L A T 4
E - | T U + _— T U:L \‘ '-/lT 600 Urlu
- ‘ _,'_“ | | | r [im Vi {:iiy \\ E E
! i H : L, PN 12
05— “‘ T t — — M B
- ‘\» 1 _ - a | =7
I , GMsB3 ||| o % 4
- ‘ 1P
i T ) Total efficiency

L T 100 0 200
EF

Pr,(GeV)
* For prompt photons photon triggers as good as GMSBI1 | g60 | 80.5 £ 1.4
standard SUSY trigger, e.g. E;™ss, jets etc. 20201 | 47.9 £ 1.8

«  For non-pointing photons efficiency loss for GMSB3 | 60 | 36.9 = 1.8
standard g60 and 2g20i trigger. 20201 | 129 £ 1.2
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" GMSB signatures

Tarem, Nomoto et al.

1

* In some GMSB scenarios NLSP = Slepton 09

(e.g. N >1, large tanp). Rhg W 08
1 % 05
GMSB6 - 05

= 04

e 2 taus in final state:
— e.g. GMSBS6 (tanp = 30, N = 3).
co-NLSP - 02

— BG rejection with 4 high p; jets, missing energy .

i 1!|1!||1| 2
and 2 tau jets. S00 800 900 1000 1100 1200 1300 1400 1500 1600 1700 °

=1 03

— Since gravitino is massless, downstream tau is M(g) [GeV]
hard and invariant mass can be reconstructed. !

B spectrum

10°F
GMSBS5 |
10’5—

* Quasi stable staus:
— e.g. GMSBS5 (tanp =5, N = 3).

— For B ~ 1 not distinguishable from ordinary muons,
use muon triggers.

Sleptons

10}

— Bunch crossing identification challenging for f < 1, Leptons

but most events contain a high B (> 0.7) slepton. T T TR I N
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mmary

* GMSB breaks supersymmetry radiatively.

* Different final states in GMSB
— Di-photon (prompt)
— Non-pointing di-photon
— Di-tau final state
— Quasi stable staus

* Study of di-photon signatures presented in detail.

* Large discovery potential for some parameter regions
- perhaps even with a few pb-' of data.

* Presented studies are part of SUSY-CSC8 note.
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ry in a nutshell

Messenger fields are chiral superfields which transform under SM as
I [ 1
o~ B0y T B (v (120 T (12

Coupling to a gauge singlet chiral superfield S:  Winess = y25¢ + 13547

Scalar components of S aquire VEVs and produce massterms

" 7. 92 e o2 2 e S 2 o §
E‘C ’ irn’fermic»ns _ |y2 ‘\S” ) Mecalars — |y2c\.gjp| + |y2 ‘\F S f|
—- . . I P 2 . S 2 oy \
4.9 : irn’fermic:rns _ |y3 ‘\S” ! Mycalars — |y3c\'gf| + |y3 <\"-55';1"

One loop contributions to gaugino masses
- Gauge mediated breaking

- Scalars aquire 2-loop masses  {; & " &
é[‘; \\‘__11 "ﬁfL §-‘\'\.‘__
(Fs) _____;_5__?7,_____ LSS5 ______%-:v\;\é ___________ - E’u‘;:ﬂj _____
/")(ih'\

(s)
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