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DELPHI results on

SUperSYmmetry and

Extra Dimensions



Topics

The single photon analysis

Extra dimensions

• e+e− → G + γ

SUSY

• e+e− → G̃G̃ + γ

• e+e− → χ̃0
1G̃→ G̃G̃ + γ

The chargino analysis

• e+e− → χ̃+
1 χ̃−1



Extra dimensions

• Gravity alone propagates in 4 + δ dimensions

• The δ compactified dimensions are torus shaped space
dimensions
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Extra dimensions

e+e− → G + γ

G−1
N = 8πRδM δ+2

D (← Giudice et al.)

σ(e+e− → G + γ) = f(MD,δ,
√

s)
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e+e- → γ G DELPHI
HPC+FEMC acceptance

√s
¬
 = 181-209 GeV

95% C.L.
Limit

MD = 1.36 TeV

MD = 0.84 TeV

MD = 0.59 TeV
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STIC
3.8o < Θγ < 8.0ο

172o < Θγ < 176.2ο

FEMC
12o < Θγ < 32ο

148o < Θγ < 168ο

HPC
45o < Θγ < 135ο
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Dimensions MD > (exp) MD > Radius <

2 1.32 1.36 TeV 0.26 mm
3 1.01 1.05 TeV 3.3 nm
4 0.82 0.84 TeV 13 pm
5 0.69 0.69 TeV 0.48 pm
6 0.59 0.59 TeV 54 fm



SUperSYmmetry

Sparticles

Names spin 0 spin 1/2

squarks, quarks Q (ũL d̃L) (uL dL)

(×3 families) ū ũ∗
R u

†
R

d̄ d̃∗R d
†
R

sleptons, leptons L (ν̃ ẽL) (ν eL)

(×3 families) ē ẽ∗R e
†
R

Higgs, higgsinos Hu (H+
u H0

u) (H̃u
+

H̃u
0
)

Hd (H0
d

H−
d

) (H̃d
0

H̃d
−

)

Names spin 1/2 spin 1

gluino, gluon g̃ g

winos, W bosons W̃± W̃ 0 W± W 0

bino, B boson B̃0 B0

spin 3/2 spin 2

gravitino, graviton G̃ G

[W̃±, H̃±] ⇒ χ̃±
i i=1,2

[B̃0, W̃ 0, H̃0
1,2] ⇒ χ̃0

i i=1,.,4



Gravitino par production

e+e− → G̃G̃ + γ

• Gravitino LSP

• All other SUSY-partners to heavy

σ(e+e− → G̃G̃ + γ) = f(mG̃,
√

s)
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e+e- → γ GG DELPHI

HPC+FEMC acceptance

√s
¬
 = 181-209 GeV

95% C.L. Limit

MGravitino = 1.12 · 10-5 eV
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xγ

√s
¬
 = 180-190 GeV
534 events obs.

549 events exp.

√s
¬
 = 190-200 GeV
429 events obs.

452 events exp.
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¬
 = 200-210 GeV
563 events obs.

568 events exp.

E
ve

nt
s/

0.
05

E
ve

nt
s/

0.
05

E
ve

nt
s/

0.
05

Expected limit:mG̃ > 1.14× 10−5 eV

Obtained limit:mG̃ > 1.12× 10−5 eV

⇓√
F > 217 GeV



Gravitino-Neutralino production
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σ(e+e− → χ̃0
1G̃) = f(mG̃,mχ̃0

1
,mẽR,L

,N11 ,N12,
√

s)

Scenario:

General LNZ

χ̃0
1 ' B̃ mG̃ & mχ̃0

1

GMSB: |µ| �M2 are the only free parameters
Independent of tan(β)



Gravitino-Neutralino production

mχ̃0
1
-mG̃ exclusion limits

Complement to mχ̃0
1

excluded from

e+e− → χ̃0
1χ̃

0
1 → G̃γ + G̃γ

since there the kinematic limit implies mχ̃0
1

<
√

s
2
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Chargino par production
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The signal shape depends on:

Mχ̃± −Mχ̃0
1

= ∆M

(ml̃,q̃,H±,0,A > M
χ̃
±

1

)

If χ̃0
2 can be produced, cascade decay are possible:

χ̃±
1→χ̃0

2f1 f̄
′
1→χ̃0

1 f1 f̄
′
1 + f2f̄2

χ̃±
1→χ̃0

2f1f̄
′
1→χ̃0

1f1 f̄
′
1+ γ



χ̃±

1
Windows

❍ Radiative topology:
At least 1 isolated photon

(Eγ > 5 GeV ; 15o < θγ < 165o ; αiso
γ > 15o)

❍ `` topology:

No isolated photons

Number of tracks ≤ 5

❍ j` topology:

No isolated photons
Number of tracks > 5

At least 1 isolated lepton (P` > 3 GeV/c ; αiso
` > 20o)

❍ jj topology:

No isolated photons
Number of tracks > 5
No isolated leptons

∆M REGIONS
3 ≤ ∆M < 5 GeV/c2

5 ≤ ∆M < 10 GeV/c2

10 ≤ ∆M < 25 GeV/c2

25 ≤ ∆M < 35 GeV/c2

35 ≤ ∆M < 50 GeV/c2

50 ≤ ∆M GeV/c2



χ̃±

1
limits

No Excess
⇓

Limits were set at 95 C.L.

⇓

DELPHI χ
~±

1 mass limits
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χ̃±

1
limits

DELPHI χ
~±

1 mass limits
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= 38.2 GeV/c2 for mν̃ > 300 GeV/c2



Summary

The single photon analysis

Extra dimensions

Dimensions MD > (exp) MD > Radius <

2 1.32 1.36 TeV 0.26 mm
3 1.01 1.05 TeV 3.3 nm
4 0.82 0.84 TeV 13 pm
5 0.69 0.69 TeV 0.48 pm
6 0.59 0.59 TeV 54 fm

SUSY

⇒ mG̃ > 1× 10−5 eV

( χ̃0
1 < 140 GeV, if χ̃0

1 is NLSP )

The chargino analysis

∆M > 10 GeV/c2 ⇒ χ̃±
1 > 102.8 GeV

∆M = 5 GeV/c2 ⇒ χ̃±
1 > 101.8 GeV

∆M = 3 GeV/c2 ⇒ χ̃±
1 > 97.2 GeV


