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Liquid Argon Calorimeter Uranium-scintillator Calorimeter

Optimised for precision

Optimised for precision

measurement of the scattered measurement of the hadronic final

lepton
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state
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Valn Process ai
Deep Inelastic e*p Scatiering

(—
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Neutral Current

q(xP) -
. 1, 4

p(P) \__/—»__ premnant

Q@2 — virtuality of the exchanged boson,

V2 _ (. _ 1.1y2 _
@7 ==K resolution -1/Q
0)? x — fraction of proton momentum carried
TSPk — by struck quark
Pl y — inelasticity, fractional energy of the
y=— : incoming lepton transferred to proton in
-k proton rest frame
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p remnant

Neutral Current

Run 122145 FEvent 69508 Date 19/09/1995

H1

[Q* = 25030 GeV?, y =0.56, M = 211 GeV|
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Cross Sections and Structurae Functions:
Jtral Curren: DIS

/
| I—
(\
(—

V_|_F2(X:~ Qzlq::}/—*x;:?r{x! Qzl—ngL(X, Qzl

dxd@Q? xQ* |~ Ny
dominant important at high @ relevant at high v
2 Yi=1£(1-y)

Ngp — N

p. — rR—NL
Nr + N,

1 Q2
XZ

B sin Ay M% + Q2

dominant relewant at high Qz polarisation of &
o —— A
+ o4 2 2 2 -2
FQ = FQ _("“‘:e:|:"::'.E-'E"as-.):’F.f..?-"':2f +(ve+3e;2 Pe VEEE)XZ'FE
+ 2 2 2 Z
xF3 = _Qi/:': P. ve}xzxﬁf + (FPe(v:+a5) +2 ve ae)x5xF3
—
axial vector coupling of e to z0 relevant at high Q? vector coupling of e to 70
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Cross Sections and Struc Jr runcrions:

DIS

2 _+ 2
d"occ G

~—

U i

:_l:l_Pc-}

4

-L’L-'E— — ;3_'.[?;, + 4 E 4+ g}
tWy = z(u+ec— d— %)

Wy =xz(@+T+d+s)
Wy =x(d+s—u—7¢)

9
1:29] {Y+ Wy — YeeWy —y° I"i"'?:.i} (1 + dgea)

e and e* sensitive to different
guark densities

Linear dependence on
polarisation

* In the SM weak interactions
only between left-nanded
particles and right-nanded anti-
particles
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More on fits

Elecirowesak Fits - Introduction ghasinistire

E.Rizvi's talk

® Combined fit of electroweak T ST
quark couplings a, v,, a,, Vv, S Z a,a,v,v
and PDFs =QCD-EW fit using o 2T L
. l,r"“&_l [;-.3-.(? J
DIS cross sections —

* vZ interference terms and Z
exchange in NC cross sections
depend on weak couplings (F2,F3% FE1 =S [€2,2eqvq, v2 + a2lx(q + )

q

,.F.Z —_
[xF3 xF{] = Z[eq3q= vgaglx(q — )

a

dominant relevant at high Q: polarisation of e
+ _ —7 A 2 =
F3-= F) —(ve F Peae)xzF,)” + (v& + a3z F2 Pe Veae)x7F5 v, very small:
n 7 5 > > 7 terms can be
xF3- = —( ac F Peve)xzxF3" + (FPe(vé +32) +2 ve ae)xzxF3 neglected
S— N S

2 .

e to £ relevant at high @
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Elaciroweaa FIts = 2asuUlts  Hiprelim-10-042

= rrrrrrrTrprrrr T e e T r e Tt = LINNL I L L AL L LR R N L LR RL I LB BN B LA
= - 9 = B " u
o [ H1preliminary o8 dipelsean - 4 o[ H1preliminary S0 Hipritaon
(W] ZEUS prel [34-08) i [® ] ZEUS prel (94-06)
L (=) i L ()
[ R, ] - 68% CL . -
0.5+ Gdw CL -: ] — 0.5 - ) .._.L_“"-tmd_‘ 7
0 é) - o N
0s] ] osf -
+ Standard Model +  Standard Model
-1 I LEF EWWG _- -1 - LEF EWWWG ]
SRR i1 Lo | L L cOF |
4 05 0 05 1 4 05 0 05 1
a, By

@ Consistent with Standard Model, x?/dof=0.96

@ Much improvement with HERA-II due to
polarisation (and statistics)

@ Able to resolve ambiguity of e*e-
@ Results competitive with LEP and CDF results
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More on high
Q2 results in

- - » I—) -\~ : - '
New CC Results  THTran'stalk
ZEUS
% 140~ | I-I,?:I};ll,ls (I:c Iegl;(ll.!-’lpbl )I I I__ ZEUS
g e A ZEUS CC e'p (23.8 pb™) Lo 2] AL LRS! Al B A B LILAREY b B BN ALY
% C O ZEUSCC e’p (P,=0) (60.9 pb™) 1 Q7 =280 GeV* Q7 =530 GeV* Q=950 GeV*
= 120[ © ZEUS CC ep (175 pb?) g I I
] L & ZEUS CCep (P=0) (16.4 pb™) |
= r -:« HlC(ep(-ITﬁpb}
s 100~ & H1CCep(P=0)(652pb™) ]
A -
S sof ' .
:c 60 :— =—SM (HERAPDF1.0) % .,_'
T - SM(ZEUS-JETS) .
L --SM (CTEQG6.6) - 13 7
40 — --—- SM (MSTW2008) o = ]
20:— % ]
l]: A R N R
1 0.5 0 0.5 1
Pe ., .,
® ZEUS: Final results on polarised 0500 Gev: | Q- 17000 Gev ] O - 30000 Gey -
+ -1
e p CC -data (132 pb ) . 0.2r T ZEUSCCep T SM (HERAPDFL.0)]
Results in agreement with SM SLARSCINoS S
@ Able to constrain PDFs o1f T T '
@ From cross section limit at P_=-1: P\ Q\ R

ol

M,r>198 GeV at 95% CL 0w e e aw
EPJ C70, (2010) 965-982
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New CC

.....'“i e Ty

~ e—l—p 2
o, ~u—|—c+(1— I(d+s)
H1 Preliminary
Ocp C.l2 300 GeV? a’= 500 GeV? Q% = 1000 Gev?
151

H1prelim-09-043-;

04

02

o’ = 2000 Gev?

¢

a? = 3000 Gev®

a? = 5000 Gev?

HERA I+

02 8000 Ge\u’z

|||||H ol Tl m

T
Q? = 15000 Gev?

—&— H1 e p—=vX
= H1PDF 2009
= (Ly)x(d+s)

""""" x(iF+T)
P, = 0.0%

HERA 1

® H1: New preliminary of whole HERA data set — about 450 pb
@ Shown here: flavour dependence
@ (Good agreement with SM

Friederike Januschek

cc
H1 Prellmlnary
Occ O = 300 GeV* a7 - 500 Gev? G2 - 1000 GeV?
1.5
Wb
0.5
T o= 2000 Gev? ::F 3000 Ge\.r2 r Q2 5000 Ge‘u’z
0.5
!
T T T 1
1 3 _ 32 3 _ 2
@* = 8000 GeV @® = 15000 GeV' H1 &= povX
= H1PDF 2009
-—- x(utc)
0.5 1 P = (1) x(d+n)
\ P,=0.0%
| L 1 nul wl ||:\}|u
10 10" 10° 10"
X
11
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ZEUS

|||||||| T lllllll| TTTTITTTIT TTTIT IIIIIII T IIIIIII| T TTTTI
r Q" = 200 GeV * T "a? = 250 GeV? j "a? = 350 Gev* : Q* = 450 GaV * |

‘\\ \\ @ New preliminary results from
°r 1 I T 1 H1 and ZEUS:

S i i ] * H1: Comglete HERA data

SR S O S S R A S PO (about 450 pb)

' I i I ; “ ZEUS 06/07 e*p data
\\ i \\ AN SN (about 135 pb-"), last

i T I T : unpubllshed data set
ﬂ__ E_ __:::::::} z:::::::r} ””’i’_f__”””ll 2::::::::} :::::i:_i @ ReSUItS |n gOOd agreement
1:_ u = 2000 Gev * __:_ Q 3B{IDGeV _ Q =5muGev_:_ Q -suuu-ew_: Wlth Standard MOdeI

: \ 1 \\ T ; important input to PDF fits

&*p (135.5pb"1)
—— SM (HERAPDF1.5)
P, = 0 {corrected)

sk 1 T ]
: l ] §\, I 5 <°p (169.9pb") ZEUS-preI-1 1-003
L1 SR ..?...51.......| Lol ......I_‘::“::I:'::i:::l:*!::'l"‘r}'I

107 10" 0% 107 10 101
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H1 Preliminary

_ 0.2l Q° = 1200 GeV® i Q° = 1500 GeV* i Q° = 2000 GeV*
xF, i
of-
-0.2?—
02—
H1prelim-09-042
Q’=3UdUUGe\F =
¥ \ * B 5
0.1F - i i
T T S T T A
. — ot dE e p
® The difference of the ep and 5 P = ;qu & d?‘-’ﬂfz —
the e*p cross section gives F, £ o~y r__‘"‘ 5
* Very precise megsurement in g{"‘:= Q7)F v xFalx, QF) —
agreement with SM r 2
J v FiL(x. Q2)
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* =200 Gav *

New NC B s

Polarisati

ZEUS

Q

= 250 GeV” |

YN

T
Q? = 350 GeV* [

BN

T T
Q° = 450 GeV © ]

= G50 Ga\l’

\

+ '::::::I +—
o

= 800 GeV* :

S

Q* =1200 GeV* |

",

Q* =1500 GaV *]

",

a = 2000 GeV Z

-~

qz

30-:10 Ge'Uz j

-

ul 1l ol
Q* = 5000 GeV* |

|

T T
Q® = 8000 GeV °]

n,

= 12000 GeV *

" |

QZ = 20000 GeV>

Q°F = 30000 GeV*
1 & ZEUS NC (prel)

10?7 107

&*p (78.8pb)
—— 5M (HERAPDF1.5)
P, = +0.32%

1 & zEUS NG [prel)

e"p (56.Tpb")
—— S5M (HERAPDF1.5)
P, = -0.36%

@ 78.8 pb' RH data
(P,=+0.32), 56.7 pb™’

LH data (P_=-0.36)

@ At high Q2 polarisation
dependence clearly
visible and in
agreement with

Standard Model

ZEUS-prel-11-003

Electroweak Physics and Searches at HERA
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New NC Resulis — rlign €2
Asyrmetry

® Through the polarisation

asymmetry parity violation was
directly measured

- @ Behaviour in agreement with
A1 Prefiminary Standard Model

AT
i e A e+p
0.5~ — H1PDF 2009 B
of - At 2 (P (Pe)
: il Pi =Pz o%(PI)+o=(P; )
05— ®m Aep - _ l[_‘z"r-"-ir
_ —— H1PDF 2009 . % _)(ZEE?‘F_ oY ‘T‘HEVq
-1 B L1l L L1 - 2
10° 10*
QZ [Ge"ﬂ]

H1prelim-09-042
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= ~ ! o '~ l [ it o7 YV Y L /
clecirowea Unification
HERA
Bli__:' E I I ] 1T T T | I I ] [ 1-I T | I I IE
<l B Yt H1ep NC (prel) 7
Q 10 g_ N C A H1epNC (prel) _g
. i 'E_ - 0 ZEUS e'p NC 06-07 (prel.)
Electroweak unificationat = - o ZEUS ep NC 05-06 -
the M, , scale g r —— SMe'p NC (HERAPDF 1.0) 3
. e 10_1 _— m—— SM e’p NC (HERAPDF 1.0) —
¢ SM provides good -l S . -
description of data over _ 3 . _
many orders of magnitude s Re, -
® High Q? region especially 107z * o oo el - E
. . e & -] rel. -
interesting for BSM - IEUS"E+p o CC NN -
scenarios =« ZEUSep CC 04-06 -
10° ;_ w S\ e'p CC (HERAPDF 1.0) _;
=« SMep CC (HERAPDF 1.0) =
E y<0.9 E
- P.=0 E
10-? — | | L | | | I | | | ]
10° o ,
Q° [GeV’]
2 M.2
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HERA

More details

onsearchesin  Sozrches at HERA 17 -
J.Maeda's talk %
eSearches in inclusive DIS —
» NC: Contact Interactions, quark radius, w: —awemsm
Extra Dimensions T N A
» CC: Polarisation dependence ’ " oo
*Model based searches . P —
T @ Quark radius Fror: = St
@ Contact Interactions 1o
* | eptoquarks and LFV : 7
@ Squark production in RPV SUSY

0 10 20 30 40 50 60 70 80 90 100
X
P; [GeV]

..... o *Model independent searches

resonance: s |solated leptons and missing p.
M =+/xs

1 FEFETENS ATSTRTANE NS ANANE AVAVATATE ArArAra ST i I i I
0 01 02 03 04 05 06 07 08 09 1
X

Friederike Januschek Electroweak Physics and Searches at HERA 17

d’c/dxdy (pb)

10 |
y=0.12=0.31

* Multi-leptons




Quarg Racdius

@ Spatial distribution of the quark charge . 1 SM R2 2
would reduce the SM cross section at s = S [1 — & Q2]
high momentum transfer Q?

Rq: root-mean-square radius of the

° GOOd agreement Wlth SM ?r:(;c(’r]rlj);/\;Eak charge distribution in
expectation — limits (95% CL) set ZEUS
using full HERA data (H1 and e < 2605 (ret) e'p 0aa 17
ZEUS 440 pb' each) assuming g | s o] B2 (0.63-10Ccm)?
electron as point-like g .. "'“‘""i-*ir'-‘iwm-l_.*_ ----- R = -(0.57 10"cm)’
H1: R, < 0.65:-10"® m Y
ZEUS: Rq < 0.63'10'18 m 1 peress -0:0-0-0-0-0:9-0: 9 Bisrigrir iy W _*_“__
Quark Radius Limits (prel.)

1l'.la 1l'.lltl
Q? (GeV?)

Limit below 1/1000 of proton radius ZEUS-prel-09-013

Friederike Januschek
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Contac: lnteract)

ofl

-

:)

ysics at much higher energy scales

A> /s

* Modifications of high Q? cross sections

via virtual effects Y
@ General models: 9 — id'_"rr K
Mab = A2 e

2

@ No deviations from SM seen by H1 @
and ZEUS — limits set on 19 g
o

models with different helicity
structure:

H1: A>3.7-7.4 TeV
ZEUS: A>3.8-8.9TeV

Friederike Januschek

del describing low energy effects from

HERA

\\/
AN

9 H1prelim-10-161 g
Search for General Compositeness
2r
] Bi_ —— H1ep NC (prel.) 0.16 fb™
I —— VV,A*=54TeV
16 VV,A- =7.4TeV L4
[ —@— H1e'p NC (prel.) 0.28 fb” /
14F — VV,A*=54TeV /
- —— VV,A' =7.4TeV :

H1 Preliminary

Electroweak Physics and Searches at HERA



. SR TR P——
oo Large 2xira Dimensions

| ZEUS-prel-09-013
s ADD (Arkani-Hamed, Dimopoulos, Dvali) ZEUS N
model: space time is 4+n dimensional el By

-- M4=094TeV

® Gravity can propagate into the extra
dimensions

» Effective mass scale M  can be ~ 1TeV

NIpr
-
I

Large Extra Dimensions Limits (prel.) #

@ Virtual graviton exchange contribution to
eq—eq scattering described by contact 1
interaction with effective coupling 1

A

@ Limits set by H1 and ZEUS (95% CL):

Q? (GeV?)

Large Extra Dimensions Limits (prel.)

H1:MJ > 0.90TeV, Mg > 0.91TeV
independent of n
A==1

Friederike Januschek Electroweak Physics and Searches at HERA 20

Q? (GeV?)

ZEUS : Mg, Mg > 0.94TeV




rleavy Leptoquar

@ Scalar or vector bosons carrying
both lepton and baryon number

@ Buchmuller-Ruckl-Wyler model: SM
symmetry, lepton and baryon
number conserved
— 7 scalar and 7 vector 1%t generation
LQs, same final states as NC/CC DIS q;

® Heavy LQ exchange can be described
by a contact interaction with effective

Search for Heavy Leptoquarks

o 2
coupling A\° 9 | —a H1epNC (prel)0.16 fb"
o~ M2 = 180 s, M /=630 GeV
o LQ ”.Eg B VL, M /)=1940 GeV o
@ Limits set by H1 and ZEUS (95% CL): =~ " ¢ p1e'pNC (prel) 0.28 fb"
H1: M, /A > 0.4 - 1.94 TeV 91— s M0 Gev
e e c B 12 —— Vi M /A=1940 GeV A
ZEUS: M, ,/A>0.41-1.88 TeV 1 A A0 _
depending on the LQ type 0.8 =
- H1 Preliminary
H1prelim-10-16106- |
Friederike Januschek Electroweak Physics : 10°



ofl

Lepton rlavour Violzi

@ If LQ couplings not assumed as flavour
diagonal, LQs can mediate LFV:

ep — LQ — nX ep— LQ — 17X

@ H1 used full HERA data to look for final states
with u or T and at least one jet

@ No deviations from SM — limits seton A as a
function of the LQ mass

Search for Leptoquarks at HERA (410 pb™)
I I I

Search for Leptoquarks at HERA (410 pb™)
I I I

[ - B [ ” B
‘:“:’ 1 E H 1 \Q‘ﬁno e ; H 1 \qﬁ*o _.__,..,.»_-\_4-,-;-,_*:':"."'—'-—-"-': .‘.;".'15
i 5 ! ¥ Sl B i 5 ’ e TS = e ——— ™
2 T == - A=031
Sk ¢ ST F=0 1<100F ¢ i e 4
-'" ‘i_? + LO— ,': ,“‘f -3 LQ— g
i #9-La-ua, A e 1 DESY 11-044
102 .‘_;_..}:‘,," - N (£7d) -..I__:-'_.",/-, ..... v (£vd) { (submitted to
iy - V) - V(') {1 Phys.Lett.B 03/11)
A el A ") - ai A -
10°%E — | | ViEure L | Ve e
200 400 600 200 400 600
M, , [GeV] M, , [GeV]

Aeg = Apyg=VAra =03 and Ay =0:
up to M, , <712 GeV excluded, for V.-

Friederike Januschek

Aeg = Arg=V4ra =03 and A, =0:
up to M, , <479 GeV excluded, for V.-

Electroweak Physics and Searches at HERA
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Sauzarg Procduction i R-parity: R, = (-1)8+25

PIMVAN N SM particles: +1
2P / o | ) SUSY particles: -1
@ In RPV SUSY single resonant squark production .
possible in ep collisions ) R
@ Squarks decay to I+q (DIS-like final states) or to quark ~ *us —
and gaugino (— cascade decays) o d
i
® No deviations from SM in any of the 17 relevant final . ¢ d
states seen — limits set \ . T | g |
X L E 'j.-'r_r { i
@ Limits set using full H1 data (parameter scan): ’ IR vy B Nadd
s MSSM M (iig, ép,t1) > 275 GeV for A}, = Vira = 0.3 f p ¢
M (dg, Sg,br) > 290 GeV for \|;, = 0.3 ; 1 e
i W
@ MSUGRA mSUGRA 3-.'1j1=0.3,tan[5=6,j.1-;0, A =0 \ = i <f1._ i
% - e H1 [77] excluded for j=1,2 E_ a e j
9150' e'p255pb™  [[] excluded for j=3 :‘:'E' 4
& F T T - Eur.Phys.J.C71
(2011) 1572 11/10

102 =
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; S

@ Small SM cross section: main SM
process producing isolated leptons
and missing p, is single W
production (o~1 pb) with the W
decaying in lepton + neutrino

® Possible new physics scenarios

are e.g. single top production, stop .
decay ‘ p.mis

@ Now final results from HERA: -

combination of all H1 and ZEUS .r_:vjf’, - P

data, i.e. 1 fb’ rdronic

™
isolated -'
electron *

Friederike Januschek Electroweak Physics and Searches at HERA 24



Isolated Leotons and Missing o

g tor
JHEP 3(2010) 1 19

'E e H14ZEUS (0.59 fb™) : - o H14ZEUS (0.39 fb)

g P E+p Bl SM d.’l 2 e'p i SM

w1 E /7] SMmSignal 2 10 3 7] SmSignal

10

\\\%

E; NN

q q i g1
10510 20 30 40 50 60 70 80 90 100 109 10 20 30 40 50 60 70 80 90 100
X
PX [GeV] Pr [GeV]

@ Qverall good agreement with SM

e e'p data, p > 25 GeV: 23 events observed, 14.0+1.9 expected
@ No excess in e'p data

@ Single W boson production cross section measured:
1.06£0.16(stat.)+0.07(syst.) pb (SM expectation: 1.26+£0.19 pb)

Friederike Januschek Electroweak Physics and Searches at HERA
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Multi-leptons witn rlicn o

= =
W
2
@ The main SM process producing
multi-leptons is y-y interactions .
* SM expectation is very small at =,
high lepton p_, but very precisely o ﬁ,,-:‘i_xh_j
calculable=perfect to look for BSM - -
deviations (e.g. H*) .(If 87 Gov:
(P:=2.7 Ge
@ Here as well final results from e
HERA: combination of all H1 and (Pr=64GeV)
ZEUS data, i.e. 1 fb™ el 10 é?ij 1
@ Topologies: ee, eee, eu, pp, eun L —
U1
(P = 62 GeV)

Friederike Januschek Electroweak Physics and Searches at HERA 26



Multi-Leptons at HERA

Multi-Leptons S« ="
BN | | I - | m 1“2 el
Wi 1 I B
with rlign p. 2 "%
y
@ Overall good agreement with o /W/g/ -
@ e*p data, 2p. > 100 GeV.: 10°0 20 40 60 80 100 120 140 160 180
7 events observed, 2 P, [GeV]
1.94+0.17 expected _ —
» No excess in e'p data g 10° -
@ L_epton pair production cross ] A s pair pres

section measured in

photoproduction regime:
0.66x0.03(stat.)£0.03(syst.) pb )
(SM expectation: 0.69£0.02 pb) 107

e
7

.":r:D 200 40 60 80 100 120 140 160 180

> P, [GeV]
JHEP 10(2009) 013
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Tau-palr Proc LJCFJJIJ ZEUS

‘5 m;_'r'é-i """""" "5 ig?{hll;*‘:lz'husuﬂrl'
¥ 16f 1 ¥ st lotal S
= 14F 1 = 16f [y = (cRAPE)
* ZEUS measured production of 12f 1
two t-leptons with high o | ETIE
transverse momentum in o | T 1 el
HERA-II data (0.33 fb"") 0 L1t 'L
@ |[dentification from decays in ﬂ(;----m--;d-g,,;;.*;,;--gr;ﬂ ﬂ(;""];;;"'l;;.'"g,,a"'m' 060
electrons, muons and hadronic Misible (GeV) ‘T‘;‘"ﬁ (GeV)

jets (discriminant method)

@ No deviations from SM found
@ Cross section measured:
3.3+1.3(stat.)”"?  _(syst.) pb

(SM expectation: 5.67+0.16 pb)

JHEP 02(2011) 117
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surnrnary

@ Many HERA results now with the full statistics (0.5 fb' per experiment)
= very precise measurements also at high Q2

2 New results on
@ NC at high Q?
@ CC at high @2

@ Fits of electroweak couplings and PDFs

® Several possible BSM scenarios were investigated
® No evidence for new physics found = competitive limits set on

@ Contact Interactions

@ Leptoquarks and Lepton Flavour Violation
@ Squarks in R-parity violating SUSY

@ |solated leptons (combined H1 and ZEUS)

@ Multi-leptons (combined + tau-pairs)

Friederike Januschek Electroweak Physics and Searches at HERA 29



Friederike Januschek

) & A| ,
DlexiLJp

Electroweak Physics and Searches at HERA

30



ZEUS

2‘5 %QEEEGENE i \zl;zﬂzsewe _ OP-B75 GeV® : ) O =1025 GeV® :ﬂ Motlvatlon nOt SO
» i | p" S, {  many precise
" v ] v — " constraints on PDFs
Ei[ Q%1200 GeV? ' _ Q2=1400 GoVF : Q*=1650 GaV? : OP=1950 GaV? : at h|gh X
oaf l\“u i N"ig i "'Ig! \‘gh 1@ New x determination
L ———1 —— ——1 method usin
a1 Q*2250Gev ¥ Q3-2600 Ge\f : Q°=3000 GoV® : Q3500 GeV? hadronic system

© osf | %‘m | \%&“ N‘\, information
i I S S 1@ When no {_et is found,
Ei- § Q=450GeV F Q=850 GV 3 O°=5600 GeV* T Q'=7000 GeV CrOSS section iIs
i { integrated
: EE A X { . i i, |@ Results for HERA-II

oSk PR — % O en00 Gav 5z 07 08 o8 10 Oz 04 d8 a8 e_p and e+p data

o.af 3 E

P 3 3 ] - ZEUS (prel.) e'p 142 pb*!

o2k 3 . 3 HERAPDF 1.5 .

oaf 3 E - ZEUS (prel.) ep 137 ph
ok s, HERAPDF L5

o 0z 04 06 08 1 CI 0.2 0.4 0.6 0.8 1

X
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Polarisation

@ Transverse polarisation through
o Sokolov-Ternov effect (self-

LpoL polarisation of relativistic
electrons in a magnetic field,
spin flip by synchrotron
radiation emission)

HERARING @ Spin is rotated to provide
s longitudinal polarisation

@ Polarisation at HERA was
typically 30-40%

@ Monitored by Compton
HERAD backscattering of laser beams

Spin Rotator (new)

Hl1
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Lurninosity

Spectrometer

s w

= e

a5 o
@
=
[
@
o1
a
S

Act]
Filter

—
=H

]

=

v

v

v

105.50m

ZEUS
1P.

ZEUS HERA-II Luminosity System

Calorimeter

4

Lumi determination based on
Bethe-Heitler process ep->epy

Bethe-Heitler cross section
known very precisely (0.5%
uncertainty)

Signature: small angle electron
and photon outside main
detector acceptance region

Precision of about 2% reached
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Elaecirowea Flts — More resulrs

7 < ~

>3 [ T T I T 157 T 1T 1.1 I T 1T 5.1 I T 1T 1.7 I T T ] >'U [ T | T T T T I T T T T I T T T T I T T T T | T T ]
1L H1 6 v,-a,v,a,-PDF (prel) - N H1 G vy-a,vra,-POF (prel) |

B8% CL A v,-a,-PDF (prel) E - 68% CL A v agPDF (prel)
0.5 T 4  osf ]

R TR
oL . o \ .
A o i o 'k
-0.5 - - .05 A‘_:‘_‘»z\; Bl
* Standard Model ! *  Standard Model -
1| - LEPEWWG - A e LEP EWWG -
A i e P R B AP B A B B e RN B

-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1

a, A4

Fits also done with fixing couplings of one quark flavor
= Even better and very competitive precision

Fit vy -y, ~Ug-ag-PDF a1, -a,~-PDF vg-aqs-PDF SM
iy 0.49 4+ 0.06 = 0.04 0.53 = 0.04 - 0.5
Uy 0.23+0.08 =0.02 0.23 +0.04 - 0.191
g —0.67T+0.19 +0.07 — —0.61+0.15 —0.5
U —0.31 £ 027+ 0.06 - —0.44 4+ 0.13 | —0.346
ygx-‘(iﬂf 1183.8/1230 1184.5/1232 | 1184.2/1232 -
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Il and ZEUS: rlermetic mulil-purpose deiectors

Liquid Argon Calorimeter Uranium-scintillator Calorimeter
optimized for precision measurement of optimized for precision measurement of the
the scattered lepton hadronic final state

Ok IE = 12(yo/\/E (electron) O IE = 18%/\/E (electron)

O /E = 50%/E (hadron) O/E = 35%I/\E (hadron)
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lsolated Leptons and Missing p.

I w L
HI+ZEUS Data aM S0 (khier SM
1904-200Te=p (.08fH Expectation Signal Processes

Electron Toeal i1 692 + 82483 = 74 0 + 32
Pr=05GeV | 16 130 = L7000 = 16 3l £ 07
Muaon Toeal MW O186 + 27164 = 26 22 £ 05
Pr=25GeV | 13 110 = L6) 88 = 16 12 + 03
Comhined Total A1 ATR + L0647 = 98 231 + 33
PF=25GeV | 2 240 = 32(187 £ 31 43 + 08
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Multi-Leptons at HERA

Mulii-lLeptons with figh p.

-2
1075 30 ag @0 @0 100 120 140 160 183

L P; [GeV]

H " HIELS(LE LY
E 10? !am
ﬁ 1:1“ 7 3K Par Prad
Multi-Leptons at HERA (0.94 fh~) :

Y Pp =100 Gev
Data sample  Data SM Pair Production (GRAPE)  NC DIS + QEDC

et p (056" T 1M+ 017 1.52=0.14 0.42£0.07 103 i e e a6 e
ep(038") 0 L19£012 0.90 = 0,10 0.20+0.05 L Py [GeV]
AT 7 313+026 242£0.21 0TLE010 | go

& HiI+ZELRE (O
=—1an

<8N Par Prod
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Ditau orocduction

ZEUS ditau events HERA II data (L=0.33 fb_l)

Topology || (e-)e-pu | (e-)e-jet | (e-)u-jet | (e-)jet-jet || Total
Data 4 7 4 10 25
Total MC || 3.6753 | 8.8758 | 8.0%2%2 | 144722 | 34.8733
7~ MC || 3.0753 ‘3+“’*‘ 5.9t3;§ 0.0795 | 23.2%5+
| opuwity || s2% | 60 % 73 % 63% || 67% |
| \ | AN |

\ L\
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Contact lnteractions

q=u.d
- Vector-type eeqq Cl: Lo = Z ngb(éa'}’p.ea)(abf}’#%)
a.b=L.R
I =+4m/N° ©
M = \ //
A> \-‘G // LHC\

TEVATRON
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k General Searcnes

H1 General Search at HERA (e*p, 285 pb™)
»

HE
=i B »
| ==——==
- > ‘H1 analysed full data, separately
1 E 4 for e*p and ep
E : ] =% ‘Model-independent generic
HiE > search for final states with = 2
e ——== R high-p, objects (e, u, jet, v, v),
oo | - |
11251 °|n 27 topologies there was at
e least one event
o E 3o ‘Possible deviations from SM in
S 5 ' total event number and in 2p_ and
ri B = M_, distributions were investigated
i = and statistically analysed
Tvii B
T . H1 ‘Good agreement with SM, all
] : deviations consistent with
R ==aman nd N i statistical fluctuations

102107 1 10 102 10° 10* 10°
Events



s channel ->resonant U chanr?el ->contac\’;
production M, o< V(xs) interaction M, ,>> V(xs)

A l g5

s-channel _ _
4 q; G u-channel G

v All 14 LQs => LQ->eq’ v’ 2 scalar & 2 vector LQ
couple to both eq & q
Leptoquark Search, HERA I+11 Leptoquark Search, HERA I+11
> 10°E = SE
I H1 3 10°E H1
o 10°F . =) -
5‘}_ : e*p (449 pb™) gj 102E e*p (428 pb™}
2 10%F [ :
8 [ LQeq § 1oL “R7V9
o 10E T F
F NC - cc
- - H1 Data {prelim.) 1 :_ -&- H1 Data {(prelim.)
16 —sm E — SM
SM|Uncertaintly | | B SM Uncertainty
100 150 200 250 300 100 150 200 250 300
M ./ GeV
Frieder. . LQ MLQIGeV
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Leptoquarks — Aachen Notation

Fermion number F =3B + L =0,2

Modzl  Fermion  Grarge BIULG — =—a) Coupling  Sguark

nurmbszr F ¥ ¥ Iyps
Sk 2 -1,9 12 AT T dp
S 2 -1/3 1 eRlL
& 2 4,3 1 cgel!
st 0 Tk 1 Fpt
-2/3 0 Il
.f:f:,! 0 -5 1 P it
-2/3 1 el
S 0 2/3 1 czd [
+1/3 0 il dr
S 2 —-4,1 1 e
-1/3 1.2 AT T
+2/3 0 "
L 0 2/3 12 crd v
vR 0 —2/3 1 erd
¥ i i 1 egll
oL ! :
T'lllrz 2 —d-;li 1 g
-1,13 0 bl
H 1
Vl;: 2 —-'1,:3 1 epdl
-1,3 1 Egll
Vi 2 1/3 1 Ll
+?.|'r'-1 ﬂ i
by n =Nyl 1 ot
-2/1 1,2 g ru
e v
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Anormnalous Single Top Production

p quarks at HERA can only be singly produced
FC NC

cross section negligible (o < 1fb), but
oduction predicted by several BSM theories

Full HERA data analyzed by both H1 and ZEUS

‘No deviations from SM seen — limits set on
couplings «,,, v,,, (95% CL)

1
Search for Single Tep Quarks at HERA (474 pb™) N [ H1
20 = - -1
E | Electron+Muon Channeal H1 Z 0.8 A =m,, = 170 GeV “rapb)
T " Top Preselecti B
ﬁ 15 -—- ;;m-r:itft I:|I':I:||:p1|:|n charge L :-Ill g;‘tﬂ :
B 06— A=m,, =175 GeV
: Kic,r:Vtcz:o ZEUS
0.4 preliminary,
7 _ L = 0.36 b
- CDF T
0.2 f o el ...\
0 i 1 I i“" 1 1 1
0 0.4 0.6
L

Koy - Anomalous y magnetic coupling
V., Anomalous Z vector coupling
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Excltec QUar«s

Search for q* at HERA (475 pb™)

- Observation would be direct evidence 2 Hq o HiData

for compositeness (fermion ot ey
substructure), explaining possibly the ~— %'™™F

three lepton/quark families and their sof

mass hierarchy 60F

- Excited fermions would decay to 3

standard fermions + gauge bosons 2 __
sleptonic and hadronic decay channels 50700150 20 250 300 3%

of gauge bosons investigated by H1 q* Mass [GeV]

Search for q* at HERA (475 pb™)
’ f=f,f =0

A:
compositenes
s scale

f, f, I
coupling
parameters
associated to
SM gauge -
groups : H1

1 0_4 Ll 1 1 1 1 1 1 1
100 150 200 250 300 350
q* Mass [GeV]

- DELPHI !
1 = BR(E">ay)=1;

f/ A [GeV




