High Q2 cross sections, EW and BSM at HERA
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- DIS at HERA

— High Q? cross sections and electroweak physics
— Physics beyond Standard Model

- Summary
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Status: 1-July-2007

s e*(27.5 GeV), p(820/920 GeV),
Js=300/318 GeV

@ Two large multipurpose detectors:
H1 and ZEUS (asymmetric design)

H1 Integrated Luminosity / pb™*

@ 1994-2000: HERA | data
2003-07 HERA |l data with
longitudinal e* polarisation:

0 " s0 1000 1500
N 'N Days of running
P = —— ~30-40% at HERA
NR+NL L i /&J N\ SplaRotator
2/ %\ :
s ~1 fb (H1+ZEUS) of luminosity sy aad Bt
delivered by HERA \f\ = o
ZEE S ‘.’&,/ (Upgraded)
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Neutral current DIS cross section

neutral current DIS cross section;

= (1) - . :
: Q  em Q? - virtuality of
exchange boson
X — Bjorken scaling
variable
X(P') : -
— y - inleasticity
dQJEip 27 a? ~ ~ -
NO _ Yo FS F Yoabyt - g2
dxrdQ? x4 A
dominant contribution ﬁ T Yi=14+(1-y)?
important at high Q?
sizable at high y L 1 Q?

T AsinZ By cos? Oy, Q2 + ME
— polarisation dependence due to yZ interference and Z terms:
ﬁ’f = Fs + k( — ve F Peae)ng + k2 (fug + ai + 2PQUEGE)F£Z
xf‘f = k( —a.F Peve)ngz + k2 (21:eae + Pe('vg + a,g));ngz
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Charged current DIS cross section

charged current DIS cross section:

Vv
c e\
. N\
e=(1) QZ T N N
| e SH Y|y E— |
W+(q) - ' |
| ' |
p(P) C X }X(P',,
_—
d2oEP G [/ M2, \?_. . .
cc; = (14 P,)- ( - W{ . ) &L In SM weak interaction acts only
drdQ 2 \ Q% + My on left-handed particles
- linear polarisation dependence (right-handed anti-particles)
-V
e*/e” sensitive to different quark densities: - °L L >
_et A
coe = xlu+e 4 (1 —y)w[d + 5 W
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Charged and neutral currents at HERA

HERAI &I
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Neutral currents at HERA =

¢ the charge dependent polarisation asymmetries in neutral currents
— direct measure of EW effects

neglecting Z term generalised structure function F, is expressed:
Fif = Fy + k( — ve F Pouo) FJ%
atLO: F7Z =2 2eqvq(q +7)

q* 2

polarisation asymmetry A is proportional
toayv, combination:
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latest ZEUS results: DESY-08-202
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- Pr — Pr, J:I:(PR) + G':l:(PL)

and directly measures
the parity violation

- to be updated with
all HERA 1l data
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Charged currents at HERA

H1 and ZEUS Combined PDF Fit
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[ | HERAPDFO0.1 (prel.)

CC ep (prel.)
«  CCep (prel)

April 2008

HERA Structure Functions Working Group

CC e'/e: flavour sensitivity

SM weak interactions: only left-handed
particles interact (right-handed currents

forbidden)

HERA Charged Current e'p Scattering
3 120 T I T | I T T I | T I I T | T T I I |
=" ep—vX 4
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B A ZEUS 99-00 7
60— —
- == HERAPDF 0.1 T
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HERA results are consistent with SM
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Combined QCD & EW fit =

- weak couplings a ,a v ,v, of light quarks to Z boson can be extracted from DIS data

with combined QCD-EW fit

- YZ interference and Z exchange in neutral currents
- charged currents for u-, d-quark separation

ZEUS

= [T ‘ T T ‘ T T ‘ T T ‘ [T T ‘ F1
> B ]
- preliminary results with part of polarised 1w ol et R POF (rel) 7
HERA Il data bring additional sensitivity, § uncorr. uncert. ]
especially on v -~ EEE H1prel. (HERA I+1l 94.05) 1
q 0.5 7
o .
HERA results are competitive 0.5 K X .
to LEP and Tevatron - ZoF
- 68%CL = LEP i
=1 ]

L1 ‘ I | ‘ [ ‘ I I ‘ I I ‘ [ |

1 05 0 05 1
au
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Searches in inclusive DIS

Model-based searches:

- quark radius

- leptoquarks

- squarks in R-parity violating SUSY
- single top

- excited fermions

- magnetic monopoles

Search for new physics in rare excl. processes

Model-independent searches:

- isolated leptons with large missing P_
- multi leptons at high P_

- general search
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Quark form factor =

@ Possible new interactions between e and g can modify DIS cross section at high Q°
via virtual effects

_ . H1 Quark Radius Limit HERA I+II (435 pb'1)
@ Fermion substructure can be detected

measuring the spatial distribution of N§ ME et T
charge radius: g 12 f i T
© i - [ ]
B e e T e
SM >
dO’ _ dO- fz(Qz) fz( 2) % 0.8 _ _ glgrga:’i]s;aetri;?n?yncertainty
dQQ dQQ e q C e _ — R, - 0.7410™m (95% CL)
n (r) Wb
where f(Q°) = 1—-—=0 F . ep
§ 12 |
F------- - -k -h- -k - -k -A- A Ao m o ooy F--—-- I—---A ------
@ R is the root-mean-square radius of Ve
the electroweak charge of the e/q 08
0.6 - H1 Preliminary
@ reduces SM cross section at high PP T
momentum transfer Q? (GeV?)
ZEUS (combined 94-06):
@ assuming: R<0.62- 10" m
fe = 1, Rq can be constrained H1 (94_07’ all HERA data):
fe=fq, common limit on fermion sizes Rq< 0.74 - 10" m
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Excited states of first generation fermions

¢ Models with composite quarks and leptons can explain the three-family structure
and mass hierarchy of fermions

- these models predict existence of excited states of leptons and quarks

Y.ZW

p P or X
excited e* excited vl excited g*
L . Ta Y A2
LM = EFRG'HH {gf;ﬁﬁ, + Q’f’EBuu t9sfar- Jf},y} Fr + h.c.
compositeness scale T T T

couplings associated to SU(2)xU(1)xSU(3)

e*_ ey, e* eZ, e*- VW

V¥— VY, V¥ vZ, v eW decay channels with hadronic and leptonic decays considered
q*- ay, 9*~ qZ, g*-> qW

— H1: full HERA e*p data (~0.5 fb™") used for searches
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Excited states of first generation fermions

— no indication of signal found, mass exclusion limits on /A derived
- shown for f=+f' (f=-f' also derived for v*)

excited e* excited v[ excited g*

10" Search for e* at HERA (475 pb'1) — 1 Search for v* at HERA (e'p, 184 pb™) ] Search for q* HERA I+l (¢*p, 475 pb™)
- 3 f=+f "« = f=+f ~ E : f=+f,f =0
3 £ H1 s £ H1 é > F
O [ O i (D | -DELPHI

= | BR@ =1
f ] §101§_ f1o1§ i H1HERAI
Y Y E Y C
o 107 een

fIA =1/ Mg

fIA =1/ My*

I1IIII| T T TTTTIT

/) B 10° =
i s 100 - DELPHI 2 H1
10° 5— o LEP(d,,ect, - - Preliminary
1062654556618 500 570 546 566 586 300 105'1'56'1'"16'iéa'iéa'z'éa'z'éa'z'ia'z'éa'z'éa's'éa'szo 1090850500550 50080400450
e* Mass [GeV] v* Mass [GeV] q* Mass [GeV]
for f=+f and fiA = 1/M for f=+f' and f/A = 1/M for f=+f, £ =0, fIA = 1M,
M_< 272 GeV excluded M,.< 196 GeV excluded M.< 259 GeV excluded

- e* v*results are complementary to LEP and Tevatron,
g* results has better sensibility (at low Mq*)
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Events with multi leptons and high P_

2 in Standard Model events with multi leptons
are produced in photon-photon interactions (yy—1'1)

- at large invariant masses deviations from SM
may indicate new physics

T

Tiniiii

gl

- considered final state topologies:
-~ ~ ee, eee, e, UU. e

eee

— | -full HERA data (~1 fb)
considered by H1 and ZEUS

: - the combination of

b N H1 and ZEUS multi-electron
T analyses is ongoing

(next slide)

P = 14GeV

~Z22/WIHTIITINNNNN

BN R

epp
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Events with multi leptons and high P_

—~ H1 and ZEUS combined results in the common phase space (~0.94 fb)

sensitivity to new physics — 'hardness' scale (Z P)

in agreement with
SM expectations

for PT>1 00 GeV:

Multi-electrons, HERA I+Il (e"p, 0.94 fb™)

H1+ZEUS (common phase space)
® Data (prelim.)

— SM
7] SM Signal

+

HERA Exotics Working Group

# Data # SM :
e'p 0.56 fb™ 5 1.82 +0.21
ep 0.38 fb™ 1 1.19+0.14
e*p 0.94 fb™ 6 3.00+£0.34 . - .M
more events observed in e*p 0 20 40 60 80 100 120 140 160 180
> P; [GeV]
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General Search

— Model independent search for deviations from Standard Model predictions
— full HERA e*p data (~0.5 fb"): final result by H1

H1 General Se

I
. . . . e
final state configurations considered

e, |, jets (), v, v
— at least 2 particles with P_> 20 GeV

e-v

~ deviations searched in P, M_

with dedicated algorithm

good agreement with SM

high P_ phenomena well
understood at HERA

27 different final states

arch at HERA (e'p, 285 pb™)

e 3
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® H1 Data
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Events
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H1 General Search at HERA (e'p, 178 pb™
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Events
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Summary

— a result of successful HERA operation
~1 b of collected data by H1 and ZEUS experiments together

shown latest results of:

— high precision measurements:
high Q? NC/CC cross sections, QCD+EW fits
— physics beyond SM:
- quark charge radius, excited fermions, multi-leptons at high P_
and general search

- no large deviations from SM observed

— not all HERA results covered in this presentation
— combinations of H1 and ZEUS results are ongoing
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Common QCD fit on HERA combined data

: H1 prelim-08-045
—
HERA data alone can be used for PDF fit HERAPDF 0.1 ZEUS prelim-08-003
low x — sea and gluon PDF . . o .
high Q* _ valence PDF — impressive precision achieved
— important input for LHC
. 1 T Cop 1 T TTTTTT roT T T PN LAY X2 T
= =10 GeV ]
o Q* =10 GeV? > Q ‘ |
—— ZEUS-JETS Fit
0.8 - |:| total uncert. N 0.8 i
I xu, |
H1 PDF 2000 HERAPDFO.1(prel)
| - exp. uncert. | N\ 4
00 - total uncert. 06 - CTEQ6.5M
0.4 - . n 04 N
0.2 - 7 0.2 \
xS (x 0.05) "R \
O | | | 0 - ; , N
10 10 102 10 1 10° 10 10 10 1
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General contact interactions (Cl)

@ Possible new interactions between e and g can modify DIS cross section at

. 2 . .
high Q° via virtual effects ZEUS

@ Four fermion eeqq contact interactions 94-06 (prel.) e°p 330 pb’’

O -1/A? best fit value ® +1/A% best fit value

- convenient method to investigate —  allowed +1/2 range

these interferences L

A" (TeV)
VV | 8.0 |

6.3
@ Effective Lagrangian for neutral current vector AR 18T T8

o
. . . . VA 3.2 —_—— 3.5
like contact interactions: X1 |48 —e— a7
. X2 | 5.5 ‘ ' 47
(scalar and tensor Cl are constrained beyond X3 |68  —e— 53
HERA sensitivity) X4 |54  —pe— 49
X5 | 55 45
S 3 X6 |38 00— =\ 46
Lo = E ??.f_jI(Eﬁ’MEf)[Q'j’“,-"p(i’j) ut | 58 STe‘/ 5.4
i =L R U2 6.5
g=u,d,s,c,b u3 7.9

. 47 L T e o
couplings: nff = ¢ — us 66 e
L A2 us | 4.1
N\ — compositeness scale T 7 s G
IR |20 ————+—
RL 2.2
¢ Limits comparable with those derived at LEP RR |45~ ——

and TEVATRON 0.2 0 0.2
+1/A? (TeV?)

5.3
6.2
5.1
5.0
5.1
4.2
3.7
3.6
3.7
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Events with isolated leptons and missing P_ -

» Rare topology events with high energy isolated lepton and missing transverse
momentum may be a sign for new physics

- in SM: real W production ep —eW*X with leptonic decay W* -.[v

— previously an excess in e and U has been reported
by H1 collaboration (not observed by ZEUS)

example of W production:

e e’

P X PTX (hadronic transverse momentum)>25 GeV
.
p_miss — now full HERA statistics are exploited by both
. , y
T K experiments (2 x 0.5 o) consistent with SM

q PI g-i—d
T

event with W—v_observed in H1:  _, the production cross section of W boson measured

PX
]
DEavoo s SM:  1.27+0.19 pb
X A H1: 1142025 _+0.14__ pb
7 7 V. ZEUS: 0.89+02> +0.10__ pb
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Events

Events with isolated leptons and missing P_ -

e channel

« ZJEUS 504 ph"
CIsMMC
B non-W MC

70 B0 90

P} (GeV)

3 40 50 o6

20

Events

1 channel

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
e ZEUS 504 pb™ 3
[C1SMMC

1 B hon-W MC

DESY-08-170
ZEUS pub-08-005

H1 e, +P ™ 2.40 excess of events in e'p
not confirmed by ZEUS

combinations of H1 and ZEUS
results are ongoing
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T + P/ events at HERA (e*p, 474 pb~1)

§_H1

10

7
//_/7//'/.{110 2

@® H1Data
E= AllsM
Signal

T channel

0 20

810 100
PYX [GeV]

60

e+ P'T"i" events at HERA I+l (e*p, 0.97 fb*)

[ @ H1+ZEUS Data (prelim.)

2
= N, =87
@ [E==AIsMm Data
21102 L3 signal N,, = 92.7+ 11.2
10E o — = 3
: = °
’ —] £
1E ‘g'-y %
S P e o e v -
0 10 20 30 40 50 60 70 80 90 100
PX (GeV)
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Events with multi leptons and high P_

sensitivity to new physics — 'hardness' scale (Z P)

Multi-Leptons at HERA (e*p and e'p, 463 pb™"

in agreement with g H1 °® Wioaa
. — Al SM
SM expectations g % Pair Prod.
W 102 2= 2+3 leptons

p +_T_
for > P >100 GeV (0.94 fb1):

data = 6 (Sine’p) ) ////2//7//

SM = 3.00+0.34 (1.82 in e*p) 10%g 40 60 80 100 120 140 160 180

latest ZEUS (HERAII) results

F | ! | | ! | | ! 4
20 ® ZEUS (prel) 0.36 fb! 3

18 — AMC :
16 ;_ l |:| vy — 17 (GRAPE) _

Events

108 | | ;

3 : -;
4'_ =
2
0

0 10 20 30 40 50 60

2 P, [GeV]
T Yp (GeV)
Multi-electrons, HERA I+l (e'p, 0.56 b Multi-electrons, HERA I+l (e p, 0.38 b T
ﬂ 2e + 3e H1+ZEUS (common phase space) ﬂ - 2e + 3e H1+ZEUS (common phase space)
c 10° e Data (prelim.) c 10° E o Data (prelim.)
g — m g = = SM
1] 10 Csmsignal o W 42 =] sMsignal |4
e'p 5 ep ¢
10 // £ 10 2
o / —4— = =
1 % // E 1 + g
///,/;’//J/Q//// é 1 é
y 2 -
MMMM W T ot m v// i LT
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

2 P; [GeV]
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