
PhysicsPhysics
withwith

Thomas NaumannThomas Naumann

DESY ZeuthenDESY Zeuthen



Zeuthen Seminar      22 October 2003 Th.Naumann      DESY Zeuthen 2

Why   HERA 2   ?Why   HERA 2   ?
• DIS: measure NC + CC cross sections with

2 polarizations x 2 lepton charges
– extract structure functions F2, FL, xF3(x,Q2), …

• QCD analyses:
– determine parton distribution functions xq(x,Q2)

– the gluon and αs

• understand production of Heavy Flavours
• study the nature of diffraction
• look beyond the Standard Model:

– contact interactions, leptoquarks, SUSY, …

describe upgrade of HERA  and experiments
give   HERA 1   results   - show   HERA 2   prospects

Reach original HERA goals:
HERA proposal, DESY 1981

HERA 2
HERA 1
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HERA    HERA    LumiLumi UpgradeUpgrade
• 1993-2000: 120 pb-1 e+ ,  20 pb-1 e-

• mainly low β :
– move proton quad’s from 27 to 11 m
– superconducting quad’s inside detectors

• modest increase of beam currents
• polarization
• 2003-2006/7 :  ‘close to 1 fb-1 ’
• 22.10.03:   19 mA e+  x  52 mA p

Lspec = 1.6 1030 cm2 s-1 mA2      L = 1.6 1031 cm2 s-1
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HERA 2002 / 3HERA 2002 / 3
• Luminosity:

– Low β and specific lumi reached,
but currents limited by …

• Background:

– synchrotron radiation :
• better masks + collimators :
• coating, shape (HOMs), cooling
• lead shielding of beam pipe 2 mm

– p-gas :
only 25% of lumi with drift chambers 

• large currents
improve vacuum

• add ion getter pumps
• long bake out
• started Sept 2003

Absolute H1 Luminosity
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HERA   PolarizationHERA   Polarization

• σcc,pol (e±) = (1± λ) σcc (e± )

• spin rotators around H1 and ZEUS :
λ ~ 50% reached   at first try

• need dλ/λ as good as dL/L :  ~1%
precise polarimeters
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HERA 2002 / 3HERA 2002 / 3
• 27.5 GeV e x  920 GeV p
• 2 accelerators : efficiency 2
• reliability:   running efficiency Feb 2003:   41 %

aging components
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HERA  Maximum Peak LuminosityHERA  Maximum Peak Luminosity
Ieb = 0.300mA (design)            

0.600mA (2 x design)              

Ipb= 0.600 mA (Y2000 max)  
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max

2 Can’t get to maximum 
Luminosity with 180 bunches  
Can’t get to maximum Can’t get to maximum 
Luminosity with 180 bunches  Luminosity with 180 bunches  

Peak Luminosity Prospects 2003
F.Willeke:

A likely 
scenario

F.Willeke:

A likely 
scenario

I2max/mA2 Iep/mA2 Ipb/mA nb L/cm-2sec-1

2000 0.3 0.6 100 3.75535E+31
1500 0.3 0.6 90 3.37982E+31
4000 0.3 0.6 140 5.2575E+31
2000 0.6 0.6 70 5.2575E+31
1500 0.6 0.6 60 4.50643E+31
4000 0.6 0.6 90 6.75964E+31

Peak Luminosity Prospects 2003
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H1 UpgradeH1 Upgrade

Forward tracking: Si + DC

Fast Track Trigger

Very
Forward
Proton

Spectro-
meter
VFPS

polarimeters

pe
27.5 GeV 920 GeV
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ZEUS UpgradeZEUS Upgrade

Lumi SpectrometerZEUS
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DIS   KinematicsDIS   Kinematics

centre-of-mass energy squared:
s = (k + p)2 = 4 Ee Ep

Q2  = - q2  = - (k - k‘)2 =  s x y
four-momentum transfer squared

x = Q2 / (2P⋅q)      Bjorken-x
momentum fraction of struck parton

y = (P⋅q) / (P⋅k) inelasticity
relative energy transfer to the proton

hadronic energy squared
W2  = (q + p)2 =  s y
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NC Cross SectionNC Cross Section
d2σNC 2πα2 2πα2

~
dxdQ2                     xQ4 xQ4(e±)  =          (Y+F2 Y- xF3 - y2 FL ) =         Y+ σNC(x,Q2)

±

~Y± = 1 ± (1-y2)   helicity dependence σNC =  reduced cross section

Generalized Structure Functions :

F2   =  F2
γ +  a2 F2

γ-Z +  b2  F2
Z

xF3 =  a3 xF3
γ-Z +  b3 xF3

Z           parity violating
FL   =  FL

γ + …                                   (longitudinal, small at low y)

_
F2

γ, γ-Z, Z =    x Σ (eq
2 , 2eqvq , vq

2+aq
2) (q+q)

q
_

xF3 
γ-Z, Z =  2x Σ (          eqaq , vqaq)     (q- q) =  2x Σ (eqaq,vqaq) qvq                                                               q=u,d

valence quarks

+
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FF22

measure proton structure with
fixed target precision at high x + Q2 !

HERA 1        HERA 2

F2 (x,Q2)
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NC   NC   cross sectioncross section
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HERA Neutral Current

H1 e+p 94-00

ZEUS (prel.) e+p 99-00

SM e+p (CTEQ6D)

H1 e-p

ZEUS e-p 98-99

SM e-p (CTEQ6D)

y < 0.9

Q2 (GeV2)

d
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/d
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2
 (
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e
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2
)

e-

e+

MZ
2

Standard Model :
describes data over
6 orders of magnitude !

Q2 > MZ
2 :

sensitivity to
electro-weak effects :

γ-Z interference:
• constructive for e-

• destructive for e+
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NC:  NC:  γγ−−Z Z interferenceinterference
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HERA Neutral Current at high x

Q2 (GeV2)

σ∼

H1 e-p
ZEUS e-p 98-99
SM e-p (CTEQ6D)

H1 e+p 94-00
ZEUS (prel.) e+p 99-00
SM e+p (CTEQ6D)

x=0.08 (x10000)

x=0.13 (x2500)

x=0.18 (x500)

x=0.25 (x100)

x=0.40 (x5)

x=0.65

Reduced cross section:

e- constructive

effect of γ-Z interference
e+ destructive

1     xQ4        d2σ
Y+    2πα2 dxdQ2   σ =∼
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NC   cross sectionsNC   cross sections
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HERA Neutral Current at high x

Q2 (GeV2)

σ∼

H1 e-p
ZEUS e-p 98-99
SM e-p (CTEQ6D)

H1 e+p 94-00
ZEUS (prel.) e+p 99-00
SM e+p (CTEQ6D)

x=0.08 (x10000)

x=0.13 (x2500)

x=0.18 (x500)

x=0.25 (x100)

x=0.40 (x5)

x=0.65

γ-Z interference:   e- constructive / e+ destructive

500 pb-1:   10 % cross section error  for Q2 > 16.000 GeV2

= SLAC = BCDMS = NMC

 500 pb-1

HERA 1 HERA 2
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NC:   xFNC:   xF33

~ ~    ~ _
xF3 = (σ- - σ+)NC Y+/2Y- = 2x Σ eqaq [q - q]   ~  qv

q

)Q,x(~Y
Qx

2]F~xYF~yF~Y[
Qx

2
Qdxd

)pe(d 2
43L
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2

σπαπασ
+

2

−+

2±
=−= �
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x

direct access to valence quark distribution !    Need lumi :  HERA 2 !

xF3
~

xF3
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NC   NC   vsvs CCCC
ignore FL and xF3

λ = ± 1 for
left/right handed e
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HERA

H1 e+p CC 94-00

H1 e-p CC

ZEUS e+p CC 99-00

ZEUS e-p CC 98-99

SM e+p CC (CTEQ6D)

SM e-p CC (CTEQ6D)

H1 e+p NC 94-00

H1 e-p NC

ZEUS (prel.) e+p NC 99-00

ZEUS e-p NC 98-99

SM e+p NC (CTEQ6D)

SM e-p NC (CTEQ6D)

y < 0.9

Q2 (GeV2)

d
σ/

d
Q

2  (
p

b
/G

eV
2 )

M2
W,Z

~ 1 / (MW
2+Q2)2

~ 1 / Q4

2

COUPLING      PROPAGATOR   
NC  2πα2                                   1 /  Q4

CC    πα2 / 8 sin4 θW 1 / (Q2+MW
2)2

similar since similar at
sin2 θW ~ ¼                    Q2  > MW

2

‘Unification’ of elm. and weak forces
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CC   CC   Cross SectionCross Section
d2σCC                     GF
dxdQ2                  4π x(e±) =                         (Y+F2       Y-xF3  - y2FL )

±M2

M2 + Q2
W

W
22

± ± ±
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HERA Charged Current

H1 e+p 94-00

ZEUS e+p 99-00

SM e+p (CTEQ6D)

H1 e-p

ZEUS e-p 98-99

SM e-p (CTEQ6D)

y < 0.9

Q2 (GeV2)

d
σ/

d
Q

2  (
p

b
/G
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2 )

e-

e+

σ (e-p) > σ (e+p)

_   _
--- σ (e-p) ~ x (u+c) + (1-y2)  x (d+s)

_  _
--- σ (e+p) ~ x (u+c) + (1-y2)  x (d+s)
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CC   Cross SectionCC   Cross Section
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HERA Charged Current

Q2 = 280 GeV2

σ∼

H1 e-p

ZEUS e-p 98-99

H1 e+p 94-00

ZEUS e+p 99-00

SM e-p (CTEQ6D)

SM e+p (CTEQ6D)

Q2 = 530 GeV2 Q2 = 950 GeV2

Q2 = 1700 GeV2 Q2 = 3000 GeV2 Q2 = 5300 GeV2

Q2 = 9500 GeV2 Q2 = 17000 GeV2 Q2 = 30000 GeV2

x · u
(1-y)2x · d

x

HERA 1 HERA 2

_  _ constrain u and d                   need more lumi
--- σ (e- p) ~ x (u+c) + (1-y2) x (d+s) valence quark density at

--- σ (e+p) ~ x (u+c) + (1-y2) x (d+s)           high x and Q2                                       HERA 2_  _

x

• e- 250 pb-1 • e+ 250 pb-1

x
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FF22
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ZEUS 98-00
CCFR
ZEUS-S

∆(xF3,FL)

x = 0.42

Q 2 (GeV2)

CC quark singlet structure function :

F2
cc = 2 / Y+ (σ+ + σ-)cc + ∆(xF3,FL)

see  scaling violations in CC !

HERA 2 :
reach precision of
neutrino experiments !
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Polarization in CCPolarization in CC

• weak interactions violate parity :

σcc (λ,e±) = (1± λ) σcc (0,e±)

• test chiral structure of SM :
- λ=1.0: switch CC on / off !
- λ=0.6: simulate with 4 x 50 pb-1

- (1+0.6) / (1-0.6) = 4 ± 0.0?

• polarization :
- varies in time -> syst. error
- as precise as lumi ? 1-2% ?
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e-p Data (Prelim. 16 pb-1)
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e-p SM (MC)

√s=320 GeV (50 pb-1)

e+p Data (48 pb-1)

e+p SM √s=300 GeV
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√s=300 GeV (50 pb-1)
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helicity
suppression
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PolarizationPolarization

CC cross section 
e- 2 x 5 pb-1 λ = ±0.4 

NC cross section 
e± 4 x 250 pb-1 λ = ±0.7 

e+

e-

try 2003 !?
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NC:   xGNC:   xG22

• ”F2” of γ-Z interference: parity violating

for  NC e±

• simulation of 2 x 200 pb-1 with λ = ± 0.5 :

ud4
ud1

F
Ga

)(-)(
)(--)(

Z
2

2
eZ /

/~~
+
+±±

+
λκλκ

λσλσ
λσλσ
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FFLL
FL in  LO - NLO - NNLO 

FL sensitive to gluon 
and to theory.

Important measurement +
consistency test of QCD !

H
1 

C
ol

la
bo

ra
tio

n

R. Thorne, Lepton-Photon, FNAL 2003
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FFLL

HERA 1: determine FL

with extrapolation method
HERA 2: vary y by varying Ep

Ep = 300, 350, 465, 920 GeV 10 pb-1 each

T.Lastovicka, EPS 2003 Aachen L.Bauerdick, A.Glazov, M.Klein, HERA Workshop 1996
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HERA   low energyHERA   low energy

• minimum possible
proton energy:

extend kinematics

access large x
at lower Q2

overlap with BCDMS

αS from one expt. ?

simulation 460 GeV x 27.5 GeV  30 pb-1

BCDMS region
•x=0.65

•x=0.18

y = 0.3 at
280 GeV

W2 =
20 GeV

•x=0.55

•x=0.45

•x=0.35

•x=0.25

•x=0.23

•x=0.14

•x=0.07

•x=0.10
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Parton  Distribution  FunctionsParton  Distribution  Functions
DGLAP equations:   

• needed to understand 
new physics ! 

• valence quarks :
% precision

• problem: gluon !
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Parton  Distribution  FunctionsParton  Distribution  Functions
needed to understand new physics, e.g. at LHC !
QCD fits to structure functions :

_                  _
F2 ~ 4/9 (U+U) + 1/9 (D+D)

_                  _     with
xF3 ~    2 (U-U) +       (D -D)

_     _  _       _    _  _
D = d+s       U = u+c
U = u+c       D = d+s

% precision except for gluon :

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

10
-4

10
-3

10
-2

10
-1

x

xf
(x

,Q
2 )

H1 PDF 2000H1
ZEUS-S PDFZEUS-S PDF
CTEQ6.1CTEQ6.1

Q2=10 GeV2

xuV

xdV

xg(×0.05)

xS(×0.05)



Zeuthen Seminar      22 October 2003 Th.Naumann      DESY Zeuthen 29

GluonGluon
HERA 1        HERA 2

xG(x)
1 fb-1

Q2 = 2,20,200,2000 GeV2

δ xG / xg ~ 3 %

systematics fitted
M.Botje, M.Klein, C.Pascaud, HERA Workshop 1995
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ααs s (Q(Q22))
• QCD fit of F2 scaling violations :

αs = 0.1150 ± 0.0019 (expt+fit) ± 0.0050 (scale)     H1
αs = 0.1166 ± 0.0052 (expt+fit) ± 0.0040 (scale)     ZEUS

• Jet cross sections: 1, 2, 3 jets
αs = 0.1224 ± 0.002 (exp) ± 0.004-5 (theory)

running αs (ET)
in one experiment0.1

0.15

0.2

0.25

10 10
2

Bethke 2002

   ZEUS (82 pb-1) (inclusive jet γp)
   ZEUS (38 pb-1) (dijet DIS)
   ZEUS (39 pb-1) (inclusive jet DIS)
   CDF   (87 pb-1) (inclusive jet pp)

µ (GeV)

 α
s
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ααs   s   at  HERAat  HERA

theoreticaluncertainty

experimentaluncertainty
 World average
 (S. Bethke, hep-ex/0211012)

 Dijet cross sections in NC DIS ZEUS
 (Phys Lett B 507 (2001) 70)

 Inclusive jet cross sections in NC DIS ZEUS
 (Phys Lett B 547 (2002) 164)

 Inclusive jet cross sections in CC DIS ZEUS
 (hep-ex/0306018)

 Inclusive jet cross sections in NC DIS H1
 (Eur Phys J C 19 (2001) 289)

 NLO QCD fit ZEUS
 (Phys Rev D 67 (2003) 012007)

 NLO QCD fit H1
 (Eur Phys J C 21 (2001) 33)

 Jet shapes in NC DIS ZEUS (prel.)
 (Contributed paper to IECHEP01)

 Subjet multiplicity in NC DIS ZEUS
 (Phys Lett B 558 (2003) 41)

 Inclusive jet cross sections in pp CDF
 (Phys Rev Lett 8 (2002) 042001)

 Inclusive jet cross sections in γp ZEUS
 (Phys Lett B 560 (2003) 7)

0.1 0.12 0.14

αs(MZ)

0.00?0.005theory
0.0010.002experiment

HERA 2HERA 1δ αS

precision limited by theory :

NNLO non-singlet expected for 2003
NNLO singlet + gluon                2004
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HERA’sHERA’s Charm and BeautyCharm and Beauty
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FF22
cc / F/ F22
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0.4F 2 cc–  / 
F 2

Q2 = 2 GeV2
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x

HERA F2 
cc–
/F2

charm fraction
in the proton 

F2
c / F2

at high Q2

reaches 30-40% :
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FF22
cc

0

0.2

0.4

0.6

F
2 cc–

HERA F2 
cc

Q2 = 2 GeV2

H1 96-97
ZEUS 98-00
ZEUS 96-97
ZEUS NLO
QCD

4 GeV2 7 GeV2
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x

–

• use D*→D π to tag charm
• F2

c agrees with prediction based
on xg(x) from F2 QCD fits

• and vice versa :

• important consistency check
• improve statistics + systematics
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FF22
c c (Q(Q 22))

do we understand
how to pass the
charm threshold in NLO :

10
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10 9

10 10

10 11
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Q2 (GeV2)

F
2 cc–

H1 96-97
ZEUS 98-00
ZEUS 96-97
ZEUS NLO QCD

x = 0.00003 (× 420)
x = 0.00005 (× 419)

x = 0.00007 (× 418)
x = 0.00013 (× 417)

x = 0.00018 (× 416)

x = 0.0003 (× 415)

x = 0.00035 (× 414)

x = 0.0005 (× 413)
x = 0.0006 (× 412)

x = 0.0008 (× 411)

x = 0.001 (× 410)

x = 0.0012 (× 49)
x = 0.0015 (× 48)

x = 0.002 (× 47)

x = 0.003 (× 46)

x = 0.004 (× 45)

x = 0.006 (× 44)

x = 0.008 (× 43)
x = 0.012

(× 42)

x = 0.02 (× 41)
x = 0.03

(× 40)

HERA F2 
cc–

match fixed order scheme
at pT ≤ mQ with massless
NLL resummations (Frixione, …)
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HERA 2 :   FHERA 2 :   F22
cc

0

0.2

0.4

0.6

F
2 cc–

HERA F2 
cc

Q2 = 2 GeV2

H1 96-97
ZEUS 98-00
ZEUS 96-97
ZEUS NLO
QCD

4 GeV2 7 GeV2

0

0.2

0.4

0.6

11 GeV2 18 GeV2 30 GeV2

0

0.2

0.4

10
-5

10
-3

60 GeV2

10
-5

10
-3

130 GeV2

10
-5

10
-3

500 GeV2

x

–

HERA 1 :
• measure in limited phase space :

1.5 < pT(D*) < 15 GeV
| η(D*) | < 1.5

HERA 2 : H1 + ZEUS
new Si detectors  +
forward trackers

• kinematic range extended
by ±1 unit in η

• open new decay channels

• and more lumi …
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HERA 2 :   FHERA 2 :   F22
cc

HERA 2 : H1+ZEUS

new Si detectors + forward 
trackers

- extend kinematic range
by ±1 unit in η :
smaller extrapolation errors
less model dependence

- open new decay channels
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HERA 2 :   FHERA 2 :   F22
cc

HERA 1 HERA 2

200    pb-1

K.Daum, hep-ex/9708009
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Beauty   cross sectionBeauty   cross section

HERA 1 :
• b excess seen in all experiments
• c excess also at high pt
• still large errors

HERA 2 :
• high lumi
• vertex tagging over larger kine. range

smaller extrapolation errors

• theory: need full NLO
heavy flavor Monte Carlo’s
fragmentation treatment

1

2

3

4

5

6

7

8

1 10 102

Q2 [GeV2]

D
at

a 
/ T

he
or

y

b Cross Sections at HERA

ZEUS   bb
−
 (|ηb|<2; pb

t  > 5 GeV)  p
rel
T

H1        b→µX  p
rel
T

H1        b→µX  Imp.-Par.⊗ p
rel
T  (prel.)

ZEUS   D*µX (Rapidity ξb < 1) (prel.)

ZEUS   σvis(jµX)  p
rel
T  (prel.)

ZEUS   σvis(jjX)  p
rel
T  (prel.)

H1        σvis(jjµX)  Imp.-Par.⊗ p
rel
T  (prel.)

NLO QCD

∫∫
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FF22
b b // FF22

cc

HERA 2 : simulate F2
b / F2

c with 500 pb-1

K.Daum, hep-ex/9708009

b/c ~ 10% at Q2 = 400 GeV2   b/c → 25% at Q2  >> mb
2
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DIS  DiffractionDIS  Diffraction
get parton structure of
diffractive exchange :

F2
D (t, β, xIP, Q2)

F2
D(3) now covers 4 orders

of magnitude in Q2

QCD fit for diffractive
parton densities
describes data well
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DIS  DiffractionDIS  Diffraction

positive scaling violations
up to large β
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Diffraction:   H1 VFPSDiffraction:   H1 VFPS

• increase acceptance hor. FPS→VFPS 1%→50%

• σD for xIP=0.017 integrated over |t|< 0.8 GeV2

• measure x = β xIP and Q2 in central detectorsimulation for 350 pb-1

HERA 2
H1 VFPS at z = 220 m

diffractive non-diffscale violations at high β
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DiffractionDiffraction

• exclusive final states statistics limited
• get high statistics for all proton elastics:
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HERMESHERMES
( )

�����

���� ����� ��

��� ���� ��

g

g

q

qsvv

J
)LG(

J

Lqdu
2
1

2
1 +∆++∆+∆+∆=

HERA 1 03.018.041.0
G
G ±±=∆

disentangle proton spin :  

HERA 2 :   HERMES recoil
hard exclusive reactions:
VM + pseudo scalars + DVCS

Generalized PDF’s
access orbital momentum of quarks

Recoil Detector

Skewed
PDFs Jq, JG
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HERMES  DVCSHERMES  DVCS
Interference DVCS – Bethe-Heitler IDVCS-BH

Lepton charge asymmetry, unpolarized beam + target

Ach ~ dσ(e+p) - dσ(e-p) ~ cos (Φγ γ) x Re IDVCS-BH

HERA 1 HERA 2 (xB > 0.2)

xB > 0.20

φγ , rad

A
c

h
 (

φ γ)
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-0.05

0
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0.1

0.15

0.2

-3 -2 -1 0 1 2 3
-0.6

-0.4

-0.2

0

0.2

0.4

0.6

-3 -2 -1 0 1 2 3

φ [rad]

A
C

e± p → e±γ X     (Mx< 1.7 GeV)

HERMES PRELIMINARY

P1 + P2 cos φ

P1 = -0.05 ± 0.03 (stat)

P2 =  0.11 ± 0.04 (stat)
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HERMES   HERMES   transversitytransversity

e p↑ → e p π X
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HERMES   HERMES   transversitytransversity
transverse spin structure of the nucleon :
last missing peace in the leading spin structure of the nucleon

e p↑ → e p X    Collins fragmentation.  Predictions for 

δu(x) and H1
u(z)/ D1

u(z)

x

δu
(x

)

ep → eπ+X

a)

z

H
1⊥

(1
)u

(z
)/

D
1u
(z

)

ep → eπ+X

b)

0

0.6

1.2

1.8

2.4

3

10
-1

0

0.5

1

1.5

2

2.5

0 0.2 0.4 0.6 0.8 1
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Beyond the Standard ModelBeyond the Standard Model

• contact interactions

• Rp-violating SUSY

• leptoquarks

• large extra dimensions
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BSM :  contact interactionsBSM :  contact interactions
Compositeness: VV

0

1

2

3

10
3

10
4

e −p NC data

H1

Q2 (GeV2)

d
σ

/d
Q

2
 /

  
d

σ
S

M
/d

Q
2

Λ− = 3.8 TeV

Λ+ = 3.3 TeV

combined limits:

Λ− = 5.5 TeV

Λ+ = 5.3 TeV

10
3

10
4

H1

Q2 (GeV2)

Λ− = 5.3 TeV

Λ+ = 4.8 TeV

combined limits:

Λ− = 5.5 TeV

Λ+ = 5.3 TeV

e +p NC data √s=319 GeV√s=319 GeV

complementarity :

e e

q q

HERA
e p → e X

LEP    _      
e+ e- → q q

_FNAL
pp → l l X

g2

M2

new physics enters
4 fermion contact term

HERA 1 : cross sections agree with
Standard Model up to highest Q2

quark radius
constrained to Rq < 10 -18 m

HERA 2 : with 500 pb-1 5 σ discovery
if deviation data / SM > 1.5
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BSM :  contact interactionsBSM :  contact interactions

H1

0 55
εΛ (TeV)

RL+LR 4.44.4
LL+RR 3.73.9
VA 2.93.0
AA 2.54.1
VV 5.35.5
RR 2.82.2
RL 3.32.0
LR 3.31.9
LL 1.6

Λ+ (TeV)Λ− (TeV)
2.8

HERA, LEP, FNAL : all have similar 95% CL limits in the TeV range
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BSM :   RBSM :   Rpp violating SUSYviolating SUSY

SUSY-Top
may be lightest squark !

Minimum Supergravity +
RP violation :

sensitivity to Rp violating stop:

HERA 1: ~ 270 GeV
Tevatron Run 2: 200-250 GeV

HERA 2 : discovery potential !

Searches for squarks in RP viol. SUSY

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250 300 350

not allowed

200 G
eV

240 GeV

m(t ∼
1 )=270 GeV

tan β=6 , µ < 0, A 0 = 0
H1 preliminary mSUGRA, j=3

excluded  for λ, 131 = 0.3

m0 (GeV)

m
1/

2 
(G

eV
)



Zeuthen Seminar      22 October 2003 Th.Naumann      DESY Zeuthen 53

BSM :   RBSM :   Rpp violating SUSYviolating SUSY

Searches for squarks in RP viol. SUSY

10
-2

10
-1

100 120 140 160 180 200 220 240 260 280

Unconstrained MSSM, k=3

tan β = 6
-300 < µ < 300 GeV
70 < M2 < 350 GeV

MLSP > 30 GeV imposed

H1 preliminary

EXCLUDED

EXCLUDED IN
 PART OF PARAM SPACE λ,  113 (CCU)

Msquark (GeV)

λ,  11
k
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BSM :   LeptoquarksBSM :   Leptoquarks

10
-2

10
-1

1

150 175 200 225 250 275 300 325 350 375 400

H1 CI

SCALAR LEPTOQUARKS WITH F=0 ( S 1 / 2, L )
~

M LQ (GeV)

λ

EXCLUDED L3 indir. limit
Preliminary

ZEUS limit

H1 direct limit
(e+ p, Prelim.)

TEVATRON lim.

2170 1360V1L 

5801020V~1/2L

750950V½R

1000420V1/2L

1610990V~0R

540580V0R

3030730V0L

1190490S1L

-430Š ½ L

770370S ½ R

590850S ½ L

660330Š0R

1700640S0R

2150710S0L

LEP
GeV/g

H1 
MLQ

LQ
(RPV q)

HERA   competitive for small branching ratios:
HERA 1 limits compete with LEP and Tevatron Run 1
HERA 2 limits compete with                Tevatron Run 2

A.Zarnecki, EPS 2003, Aachen
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BSM :  anomalous couplingsBSM :  anomalous couplings

γtuκ
0 0.2 0.4 0.6 0.8 1

tu
Z

v
0

0.2

0.4

0.6

0.8

1

=170 GeVtopM
=175 GeVtopM
=180 GeVtopM

Excluded by CDF

Excluded by L3

 exclusion regiontuZ-vγtuκ

=0tcZ=vγtcκ

ZEUS (prel.) 94-00

ZEUSLimit on anomalous top coupling

Flavor Changing
Neutral Currents:

single top production

HERA has exclusion potential !
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BSM :  Lepton flavor violationBSM :  Lepton flavor violation

HERA 2 :

high discovery potential
in many channels :
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Extra DimensionsExtra Dimensions

1.37D0 Run I+II
~ 1HERA 2

0.8200.780H1 (GRW) 

1.1.2 LEP (Hewett)
Ms

+Ms
-TeV

M.Sanders, EPS 2003, Aachen
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BSM :   Search StrategyBSM :   Search Strategy

HERA2 : 
Polarization + Lumi
will help to sharpen limits

Use maximum possible energy
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HERA 2 :   DiscoveriesHERA 2 :   Discoveries
HERA 1 100 pb-1 e+:   H1 10 high pt multileptons for 3 expected
HERA 2 1000 pb-1    ?
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HERA 2    SummaryHERA 2    Summary
HERA 2: take up to 1 fb-1 with  e± and  ±λ   till 2007 

high precision NC and CC data up to highest possible x and Q2

• measure F2(x,Q2), xF3(x,Q2), σcc
±(x,Q2), …

• disentangle flavor content of proton 
• further constrain PDFs
• gluon: δg / g < 3% at x ~ 10-2

• get αs to < 2%
• understand heavy flavor production

• directly measure FL(x,Q2) to test QCD
with ~10 pb-1 at 3-4 proton energies

• need theory: NNLO !

• Look beyond the standard model
for :

- leptoquarks
- SUSY
- contact interactions
- single top production
- excited fermions
- extra dimensions
- …
- the unexpected !
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HERA 2   TempleHERA 2   Temple
in Paestum, Italy

before and                  after

UPGRADEUPGRADE
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