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1bc la test. ""°Its rrom t he Ht :u1cl ZE:US1;;oll:ibo1:atio11' on exd 11.sive111e:uc hcs fur r:•rc St.:..ud:1rd 
}.lodel p1oc~ ::ind physic' Bc)•011cl t he S1:ind:ud }.fodel o:.rc precmted. lutrigniug events 
0011t.:i ining high t 1amver:1C rno1ne11t 11rn leptons :ire ob!leirved by HI. The Z·EUS lllS'.lrchts li:i1 
:oim il:ir event. topobgiC'lli :u c :..l lllO pre1C11led. Coin pelil ivc limits on exc it ed ne11trinon: a nd 
lq >lon R::ivour vio la tio n :u e lllC:l by the HI coll:abo1:atio u. A gme1a li:icd $C:u cb by H 1 ror events 
oout.:i ining higl1 Pr obj« ts i$ a lllO pl'C$Cl11od. 

1 lt1t l'oductio n 

Both the Ht and ZEUS experiments pursue a comprehensive phYli'•cs p rogramme at t he HERA 
ep colr1de r. Ln add if1on to measurements of t he structure of the proton, d eep inelastic scatt.ari ng 
at HER . .\ at a cent~or-ITUIS8 energy or up to 318 GeV provid es an idea l env·1ronment. ror the 
s tudy o f rare processes, ror setting coru;tra:1nts o n the Standa rd P.'lode l (~1) and ro r searches ror 
new par tic les and phys.1cs Beyond the Standard ~·lodal (BSP.,1) . 

2 Ral'e StandaJ'd I\i[ode l P rocesses 

2.J Ev~at.9 Contairaing Isolated Leptons arid .d·!i&1ir19 1hmaver.9e .d·fo1nenlu.rn 

Events oontaining a high transverse mo man tum (Pr) isolated elECtron or :muo n and la rge missing 
t ransverse momentum have bean obsar vOO at HERA 1.2. T he dominant SP.1 m..x:hanis m ror 
p roduc·1ng s uch topologies is the produc tion or real ~tr bosons, ep - e' tr::I: X, wit h subsequent 
laptonic d..x:ay ~tr -w . . .\ n excess in t he HERA l (1994-2000) d ata.samp le \\·as repor ted by the 
Ht collabora.tion 2, whereas s uch an excess \\·as not confirmed by the ZEUS collaboration in a 
s imila r search 3. 

T he 8 1 analysis has bean updated to inc lude new e :l:.p da ta rrom t he ongoing HERA 11 
(2003-2007) running pe riod .t,li , resulting in a tota l ana lysed lumina.ity o r 442 pb- 1 . . .\ total of 
56 events a.J\'I obser~W in the data, oompared to a SP.,1 predict.ion o f 54.9 :I: 7 .6. 1'he hadronic 
t ransverse mo mentum (Pft) spectra or the~ data are presented in Ag u re 1. At la rge values of 
Pf (> 25 GaV ) 18 e+-p da.ta events a re observed comparOO to the S~•I p1'1d iction o f 7.8:1: 1.3. 1'he 
obser ved axcaos is equivalent to a. Auctua tion or approximate ly 30'. T he excess in not obser vOO 
in the e-p analysis . 

. .\ s ·1mila r ana lysis has been pe tf ormed by t he ZEUS oollaboration o n 432 pb- 1 or~ taken 
in the 1996-2000 and 2003-:a:J07 running pe riods 6•7. T he ~1 expectaf1o ns of the ZEUS search 
are similar to t he Ht search, however the ZEUS analysis does not obsa1v a an excess in e+-p 
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Pigurc I: T he had.ionic t 1a.u:wcnc momentum ' Pcr;lr:i or t he ol.erv«I cvent.s in the HI iJOl:ited lepton :ina.ly:o:iJ. 
11oe 11<1rnple i' divklcd into i!- p (111how11 on t he k:Ft ro1 c = 184 pb - 1) :ind c+p (1ight. ro1 c = 258 pb- 1) d:ita 
s :irnplcs. T he d:ot.:i a.1e sl:iow11 a.s point~ the Gll ee::I h.i,tog1a.rn i' the S~ol expccia.tiou and the .t:i:idcd baud is t he 

tot.a l s~ .. 1 C l I OI . T he s ign:il coin poueut, domiu:itod by re:ol l-V prod1tct ioi1, ;, s hov.•11 by the h:iwhed hi~ogr:ino. 
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Pigurc 2: T l1e e lfic:ieoroy or t he HI :ind ZEUS i.,la tcd leptoio sc:irchcs £or q1 - cl-VX ( k:Ft l-V - cv. , 1ight. 
~V - µv,.) eveiotJ with f't'C > 25 GeV :is :i r11uctbn or t he k:pton pol:ir ang le (6.,,.). T he a1ro.vs in t he Ggurei: 
denote the HI :ind ZEUS cnndkla.te cventJ. T he gme1atcd Jpcr;ln1rn. ror cp- c:l-V ,"(, (l.lonte C.rlo iJ :iko Jl1 CM> n. 

data; ":1th only one electron candidate observed in the Pfv. > 25 Ge\i region compa red to a 
S~•I pred iction of 1.5:!: 0.2 and three muon candidates observed oompared to a S~·I prediction of 
3. t :I: 0.5. T he ZBUS data also agrees "·ell wit h t he 8~1 pred'1ct'1ons ror thee.- p data with 5(2) 
electrons (muons) observed compared to the expectation of 3.8 ::!: 0.6 (2.2 ::!: 0.3) events. 

H 1 and ZEUS have rormOO a oombined working gro·up to clariry d ifferences bet wean the 
searches of the t\\'O collabora.tions. Comparisons of the efficiencies or the t.\\'O searches as a 
runction of Pfv. show that. the ZBUS and HI have s'1milar efficiency ror selecting e±p - e* ~11 X 
events at high values of Pfv.. 'l'ha mom restricted phase s paoo of the ZBUS search leads to a 
s lightly lo\\•er efficiency tha n the Ht search. It. can be seen in Agurs 2 that in regions or the 
lepton polar angle 91:.µ common to both searches the efficiencies of t he l.\\'O searches are similar. 
Ht and ZBUS candidate events are illustrated by arroW'S on t he Agures, it. can basaen that. the 
major'1 ty or the 81 candidates 1'1e within the ZEUS search accepta nce, 'ind icating that t he ZBUS 
search 'as also sensitive to ph)·sics "·hich could be rasponsi.bla ror t he 8 1 exce.ss. 

2. 2 A·f.ulli-leplon Event8 

Searches !Or multi-electron and multi-muon production a.t high tra l\sverse momentum have been 
previously carr'1ed out by t he H 1 experiment S,9. T he most. recent HI search was perrormed 
us ing 275 pb- 1 data taken dur'1ng t he HER.4 I and HER.4 II running par'1ods . The ma'1n S~1 
process ror mult'1-lapton production in ep ooll'1sions 'as photon-photon interaction 'l"Y - l~/-' 



Rencontres de Moriond 2007

ZEUS ZEUS .. ~ •' 1.t:U'I r,, ' ~lo* 
• W1$t~ 

!irn' ""'-"•!'<Olfh.,I 9'-1;c:w;1.1t':i 
~ lOi: _,., 

- i;\1 

·~ 10 •c 
10 . ,.., • I ee eee 

P iguic 3: Co1np:i.ri,.;iu or t he d iJt1ib11tK>u o r t he iuv:uk1nt. m!l,!1;$ A..f 1 ~ o r the tv.·o high~1 Pr c lcc1ro11$ in t he ZEUS 
n111lt i-c bct1on lll!l:lrch to the S!•ol cxpcci:atio u. T he oomp:u ;,,.,n i' s.l1ow11 ro1 the cc (lc:Ft.) :ind tte (right.) 1opologie1. 

where q uasi-real photons radiated rrom the incoming electron and proton 'int eract to produce a 
pair or leptons. T he Ht search s tudied ee, µµ, eµ , eee and eµµ . topologies, search'1ng ror events 
containing at least l.\\ 'O hig h Pr leptons. The data a re round to be overall '1n good agreement 
wit h t he ~1. Events are observed at ITl88SeS greater than 100 Ge\i in e .J.-p data. 

T he ZEUS collaboratio n has recently made a OS\\' search ror multi-e lect1\'ln events using 
296 pb- 1 e :l:p data from the HER.4 I and HERA II running par·1ods 10. The invar·1ant mass 
(J\/12) distribut ·1ons ror the two h·1gha;t Pr electrons ·1n the ee and eee topologies am s ho"·n in 
r ·1gure: 3, "·her~ overa ll good agreement "·ith the S?"'I exp~tations is observed. J\/12 > 100 Ga\i 
events a.re obser ved in both the ee and eee topologies; the number or such e:vanl$ observed is in 
agreement "'ith the S~·I rucp~tation. 

3 Searches fol· Physics Be)'o nd t he Stru1dal'd IVCode l 

3.J GtI1erol SeOl'Chfor JVew Phenomena 

.4 mode:l-indepe:nd e:nt search ror d e:viaf1ons rrom t he ~1 '"as previously perrorme:d by HI 11•12, 

us ing HERA I data. '['his search has been rapea.tocl by HI 13 using 159 pb- 1 o r e.- p data.. 
H·1gh Pr Ana.I s tate conAg urat·1ons in\'Olving e:l~trons (e), muons (p), jets (j), photons(;) or 
naut rino.s (v) are considered . . 411 Anal s tate configuratio ns conta·1n·1ng at least t\\'O such ob.iects 
wit h Pr > 20 GaV ·1n the centra l region of the de tector a re investiga.tocl a nd c lass.1 flad ·into 
exclusive avant c lasses,µ. - j,e - jv, j - j - j a te. 

T he y·1a lds ror the d ifferent c las.se.s a.re shown in F·1gura 4; data events a re round ·1n 21 avant 
classes and good agreement is observed be:t\\·aan data a nd the S~1.'I expectations in mast avant 
classes . . 4 non- biased s tatistical method is used to search ror dev·1a.tions of t ha data "·ith resp~t 

to the S~•I in the summed scala r t ransverse mo mentum (L: Pr) and total invar·1a.nt mass (J\/11111) 
distributions sans·1 t ive to OS\\' physics. Good agreement is obse1v ed in a.II event classes. T he 
distribution o f the probability of obtain·1ng a result at least as diffe rent from the S~·I as the 
obta ·1ned s pectrum (P) ror scans of E Pr in t he d·1ffe rent avant c lasses is a lso s hO\\·n in Fig ura 
4 . T he data d istribution ·IS consis tent with the SP.1. 

3. fl &cited Neutrinos 

T he ISrmion mass hie ra rchy can naturally be explained ·1r t he SP.,I ra rmions a.re composite, in 
which case excited s tates may exist. .4 minima.I ax-tension l-1,Ui,tG of the S?"'I can ·incorporate 
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Pigutc S: 1bc lin1.ita o bl:•incd ro 1 the r.>Lio I/;\ • .., :i £unct ion or the excited nCllLlino rn:..M wit hin l;M'(I ;!lli'Jllmplion $: 
/ = -/' (lert.)o:.nd/ = +f'(righ1). 

exc ited 19rmions such as excited neutri11.os (v4
) . Consid ering only e lectt'O\\'eak '1nte:ractio ns, the 

excitation part or the lagrangia n is 

LF•F = 2~7'Ral'' [gf; 6µW:+g'f'~6µBv] FL + h.c., (!) 

where the OS\\' weighhi f and /' multipl.y the St"'I ooupling constanl$ 9 and 9' cor respond ing to 
t he weak SU(2) and e lectromagnetic U( 1) secto rs respect·1 ve:ly. T he oorrespondinggauge booon 
Aeld.s are denotocl by ' y and B. The malr·1x ap = (i/2)11"1u, '"fl, T are the Pauli matrices, 
and Y is the hy percharge. T he oompos:it.eness sca le A, toget he r ":1th f and /', deter m·1nes the 
p roduction cross secf1on. Excited neut rinos can be produc:OO in ep collisions a.t HERA " ia the 
t-channel charged current. (CC) react.ion e='=p - V

4 X . T he c ross s..x:tion is much la rger in e- p 
collisions t han ·1n e..f.p coll.sions due to b elicit.r enhancement. specific to CC-like processes. H 1 
have recently presented a new search on 114 pb- 1 or e - p data 17, a dataset a lmost All ord er of 
magn.1 tude larger t han previous ly publis hed HERA arw.Jyses 18. 

Exc·1 ted neut rinoo are searched !Or in t he d..x:a.y cha nnels v• - vi ·, v• - e' Y and v• - vZ. 
T he ,y and Z bosons a re r..x:onstructed i:n the hadronic decay channel. No s ignal was observocl in 
any channel. Limits o n the production cross secf1on are ca lculated a nd translated into exclus·1on 
r1m·1ts in t he plane(/ I A,Afv· ), under the a..""'umption I = / 1 or J = - / 1 (Figu re 5). For I = - !' 
( maxima l 'lJIV• coupling) and assum·1ng / / A = 1/ Af,,., v•s \\:1th mll..$ES less than 188 GeV are 
excluded at 95% CL. 1'he resull$ conAr1n t he unique sens·11iv.1 ty at HERA to sxc·1 ted neutrinos 
wit h ma&Ses beyond the reach or LEP. 
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3. 3 l.eptoqu.orl.· Produclion and Lepton Plll«tJour V?olotion 

Part'1cle interact'1ons in t he 8~1 conserve lepton Aavour, although th.ere 'a.s no undarlyingsymmetry 
s upporting this reature. Experimental evidence ro r lepton Aa.vour vio lation (LP\') in solar and 
atmaspharic nautri no osc'1llations has been r~po11Ed 19~. The expe riemental bounds on nautr'1no 
masses 'imply ve1y s mall LPV effects in the charged lepton secto r. T he observation or such affects 
wou Id clearly indica.te new phenomena beyond t he ~1 . 

. .\t HERA, LP\i processes ep- µX or ep- TX lead to Ana l s tat.Es wit h a. muon or tau and 
hadronic system X . T he LPV process can proooed via. the exchange or a leptoquark (LQ), a 
boson "' ith both lepton and ba1yon q uantum number. Leptoqua1·ks arise naturally as a colour 
t riplet scalar or vector boson in many axtens'1ons or t he St"'I s uch as g ra nd unifiocl theories, 
s upersymmat1y, oompositenars and technicolor. T he 8 1 oollaboraition has recently pe1formOO a 
new search ror LF\i phano1nena using 66.5 pb- 1 e..f.p data and 13 .7 pb- 1 e - p data2t, 

T he LFV processes ep- µX and ep- eprX can be attribulEd to LQs produced predom­
inantly by electro n-qua rk rusion. LQs are cl8.S6ified into 14 types with respect to the quan tum 
numbersspin, isospin and ch'1ra lity ":1th in the rramework of the Bu chmi.iller-Ri.ickl-\Vyler (BRW) 
model 22. Leptoq uarks carry bo th lepton (L) and Baryon (B) q uantum numbers. T he fermion 
number F = L + 3B is assumOO to be oooservad, taking values or F = 2 ror e- q procarses and 
F = 0 ror e..f.q processes. For LQ masses (mLq ) well belo"· the e:±p cent1'1-ot:.mass energy, t he s 
channel product'1on o r F = 2 (F = 0) LQs '1n e- p (e+-p) collis ions dominates. Fbr miq grea.ter 
t han the centr~or-rruiss energy the s and u channel processes become o r equal importa nce. '['he 
BR\V modal assumes lepton Aavour conserva.tion s uch that the r .. Qs produced in ep collisions 
daca.y only to e.X o r Vt: X final states. .4 general extens'1on or the BR\V modal allows ror the 
daca.y or LQs to final states conta'1ning a lepton or d ifferent Aavou:r (µ.o r T) and a. jet Non-zero 
couplings to an elect 1\')n~uark pa'1r and to a muo n( ta u)-quark pa:ir are ru;sumOO. 

Ln the HI analysis, h'1gh Pr muon and tau s'1gnatures are searched ror. Ln the muon case, 
t he sig nature 'as a n isolated hig h Pr muon back- to-back to the had.ron'1csystem in the transverse 
p lane. In the ta u case electronic, muonic and hadron '1c tau deca.ys are all considered , In t he case 
or electronic tau decays la rge missing momentum 'as expected, in t he muonic decay the s '1gnature 
is very s imilar to the muon case and in the hadronic decay the sig nal topology is a d i-jet event 
wit h no leptons. T he tau-jet is characterised by a nan'O\\' energy deposit '1n the calor'1meter and 
low track multiplicity. T he tau-jet cand idates are selected via a neural net algori thm 23. 

Only one candidate e \llnt \\'as round, in t he e+-p data, in t he hadronic T deca.y channel. 
T his obsarvat'1on is in agraamant wit h the S~·I and no ev'1denca ro r LF'V was found . Limits on 
couplings to 14 d ifferent LQs as a. runct'1on or mLQ are derived . . 4.n example or the 1'1m'1 ts under 
t he &SSumption that the tau- a nd electron- fi rst generation q uark couplings are equal is s ho\\·n 
in F''1gure 6 . T he 8 1 1\'ISulU; are d irectly comparable to previous limits sat h)· ZEUS 2~ and 
are round to be similar. At hadron colliders LQs are mainly produced in pairs independently 
of coupling , t hus searches cannot constrain LF\i couplings. Lower mass limits on the second 
( third) generation leptoquarks extend up to 250 Ga\i ( ISO GeV), depend ing on t he assumptio l\s 
made2G,2G. Si m'1la rly lo"'ar ma.es bounds from e:+e.- annihi la.ti on reach values of 100 Ga\i 2:i-. 

4 S 1unn1a1·)' 

~1any searches for OS\\' phys'1cs have been parlOrmocl at HERA b:r" the HI and ZEUS collabora­
t '1ons. No evidence IOr lepton Aa.vour violatio n or v•s 'as observed . lnte1'1Sting events containing 
isolated leptons and missing Pr as well as t he multip le hig h Pr le ptons at hig h masses are ol:r 
se1ved by 8 1. HI-ZEUS "'orking g t\') ups have boon fo rmed to cla1:1ry t he hig h Pr lepton excess 
observed by H l and to extend the l\'l&:h of BS~·I searches at H BRA to 'i ts utter mast. 
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