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The EW and BSM Parallel Sessions S

T. Nunnemann
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» probably most exotic group at this conference as
dominated by non-DIS experiments

» broad range of physics covered

electroweak boson production and properties
top quark physics
flavour physics
Searches for:
» Higgs-Boson
> Supersymmetry
» Non-SUSY BSM
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» Apologies for omissions in the following slides!
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= directly see effect of parity violation due to a.vg term
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EW couplings of Z boson (G. Li) Summmary I
>= >0 U T. Nunnemann
H1 prel. (HERA I+l 94-05) H1 prel. (HERA I+1l 94-05) LMU Munich
1 (v,-a,-v,-a,-PDF fit) 1 (v,a,-V,-a,-PDF fit)
68% CL EW physics
0.5 68% CL @ 05| \ ]
of s of |
-0.5 K = 0.5 N
* Standard Model * Standard Model
Al —LEP - A — LEP s
— CDF 1 F : — CDF
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
a, 2y
e NC+CC DIS included in fits

NC ~
mo( +O'/Z+O'Z

. 074 x aGg x Vg L 0f x GE X (vg—l—af,)
additional sensitivity w.r.t. published HERA-I fit due to
polarization

CDF (72pb~1): Agg in lepton pair production



Diboson production at the Tevatron (Y. Maravin)
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Q@ x Amn: first hint of radiation
amplitude zero

CDF Run Il Preliminary I Ldt=1.1fb"
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e WZ: observation (CDF,

1.1fb1)
o(WZ) = 5.011% (stat+syst) pb
(5.90)

e ZZ: evidence (CDF, 1.5fb71)

o(Z2) =
0.7513 7% (stat+syst) pb (3.00)
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M( W) and W from CDF (S. Malik) EW-+BSM
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W width
W mass ] CDF Il Preliminary (350 pb™) EW physics
CDF Il preliminary JLdthpr" % [ Ty =(2118+60) MeV
3 S 1idot [fit range] = 19/21
3 r i ﬁ t b £ y*/dof [full range] = 32/29
§ 1000 5 § 103; + Data
L + w E — W MC + Bckgd
[ i *® L Bckgd
L 10
soo— [ M, = (80349 + 54,,,) MeV E
[ 2o = F
r x?/dof =59 / 48 10?
%ﬂ 7‘I7 8‘0 0 100 E
my(uv) (GeV) =
. . 2 T e TR,
combination (W — ev, — puv, 50 100 1;:1( @ \7;)0
ev)(Ge
Mr(W), pr(t). pr(v)):
My = combination (e, u):

80413 + 48 (stat+syst) MeV rw) =
2032 + 71 (stat+syst) MeV

= most precise single measurements



M(W) and T(W): new world averages

CDF Run |
D@ Run |

DELPHI

OPAL
ALEPH

CDF Run I (prel.)

[ N—

L3 —_—

World Average 2007

80433+ 79

80483 + 84

80336 £ 67

80270 + 55

80416 £ 53

80440 + 51

80413 + 48

80398 + 25

L |
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|
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I
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| L
80500 80600

W Boson Mass (MeVIcz)

before: 80392 4 29 MeV
now: 80398 & 25 MeV

[MeV]
2231+ 172 ————8——— D@ (RUN-1)  owo’
2050+ 130 ———@—T— CDF (RUN-1) 1100
2011+ 14— —— DZ (RUN-2)* a0
2032=71 — CDF (RUN-2)* asopb*
2036 = 63 —— CDF (RUN-1,2)" 46000
2049 = 57 —aa TEVATRON*
2196 + 84 —— LEP-2*
2095+ 47 S| World Av
¥2df = 3.3/5 * : Preliminary
18 19 2 21 22 23 24 25
Ty [GeV]
before: 2139 £ 60 MeV
now: 2095 + 47 MeV

(only direct measurements)
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Top quark production at Tevatron Summary
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0,=6.810.6 pb (Kidonakis, Vogt)
0,=6.7+0.7-0.9 pb (Cacciari et al.) rickdy

q

<l

s-channel t-channel

|6=0.88+0.11pb | o =1.98+0.25 pb




Evidence for single top quark prod. at D@ (s. Jabeen)

e validation of background
model in side-band
regions

[ (b)

Event Yield
N
2

-
o
—

0.2
tb+tqb Decision Tree Output

0.4

DG 0.9fb™" »
tb+tgb
tim
Wi+jets
Multijets B

X H;>300GeV
e+jets
4 jets
~1 1tag

06 08 1

[ (@

Event Yield
S
T

o

900

r i N = 1-2 tags

150

D@ 0.9fb™

Opt > 0.65
< S+
2-4 jets

200 250
M(W,b) [GeV]

e large background from W+jets and tt

e largest sensitivity with boosted decision

tree analysis

e combined significance: 3.5¢0

-1
DG Runll -- preliminary 09fb
Decision trees 3 —e—i 49 +1: pb
1 .
1
Matrix elements i —— 46 +1: b
1
Bayesian NNs ' —e— 5.0 +1g b
1
Combination* 3 —eo—i 4.8 +1§ pb
1
B N Kidofakis, PRD . 114012 (2006), m, = 175 GeV
) 2. Sulliyan, PRD 70f§ 14012 (2004), m, = 175 GeV ‘
-5 0 5 10 15

= first direct measurement of | Vyp|:

0.68 < |Vyp| < 1

o(pp — th+tgb) [pb]

(95% C.L.)
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tt production cross sections (C. Gerber)

b-jef /
v

eu
Dilepton
(BR~5%, low bckg)

b-jet

0 -jet
b-i 52 — )
jel jet
All-hadronic
(BR~46%, huge bckg)

Lepton+jets
(BR~30%, moderate bckg)

Dileptons Lepton + Track
Events Predicted vs. Number of Jets
7] — =l .
£60- DO preliminary, 1.05 f = CDF Il Preliminary 1.1 fb "
g ® Data . &= Diboson
.2 IRl = + Drell-Yan
=] Czn 400| B + fakes
% 40~ = Diboson — +1i(c=6.7 pb)
a B Fake [ 16 uncertainty
E | 300 —= Data
3
=z +
200
20~

2
Number of jets

3 [) 1 >2 N

o= 6.8+12 ; (stat) *0° ;¢ (syst) + 0.4 (lumi) pb | | o= 9.0 + 1.3(stat) + 0.5(sys) + 0.5(lumi) pb

8o/c = 22% (excluding luminosity)

= experimental results reaching theoretical precision of ~12%

8o/c = 15% (excluding luminosity)
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Top mass measurements (J. Wagner)

e best precisions obtained with Matrix-Element method
Ptf‘()z;7 Mt) X f(lpq(lpaf(pq)f(pa) dUtE(}Z Mt) W()?,,Y)

———
PDF o matrix-el. transfer fnct.
I+ jets channel: _
ME technique ;Illahadrolmc decays:
Calibrated 2D Likelihood w templates

DO Runll Preliminary CDF Rurll preliminary L=943pb"

g 1 S T ouwlete T
3 © 1 Doublele Tags
=117 3 [ v Da
4 - [ signal+Bakground
1.08 1 % 8 I Background
1 £
1.06 ] s
B &
1.04 g
] o
1.02 E
71 =]
17
0.98
0.96 140 160 180 200 220
| Event Top Mass (GeV/c)
0.94

T80 185 180 165 190 195 180 185 my =171.1+£3.7£2.1GeV

M, (Gev)

EW+BSM
Summary Il

T. Nunnemann
LMU Munich

top quark
physics



Top Mass Combination

Mass of the Top Quark (*Preliminary)

Measurement Mm [GeV/czl
CDF-l dil : 167.4+11.4
D@l dil 168.4 +12.8
CDFII di-l  —@— 1 1645+ 5.6
DIl dirl* 1725+ 8.0
CDF-I 14 12 B 1761+ 7.3
D@l I+ | —e— 180.1 + 5.3
CDF-I I+j* o 1709+ 25
DIl 1+ o 1705+ 2.7
CDF allj {| —e—— 1860+115
CDF-II all* i 1711+ 43
CDF-II Ixy : 183.9 + 15.8

i %2/ dof = 9.2/10
Tevatron Run-I/II* + 1709+ 1.8

150

M,

top.

170
[GeV/c?]

e relative uncertainty ~1%

e new ambitious goal Am; ~ 1 GeV

—LEP1 and SLD
80.5 - LEP2 and Tevatron (prel.)

68% CL

e for Higgs mass constraint Am; corresponds to
Amy ~ 10 MeV
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LHC: Top as Commissioning Tool

A.-C. Le Bihan, F.-P. Schilling

‘ ATLAS preliminary ‘

s ‘ Dymanic range 50-250 Ge

b i

0 100 200 _I?{(,)xﬂw 400
Precision ~2t03% E (GeV)
Alternative pT balance in Z/y + jet

e ATLAS: jet energy scale
calibration through M(W)
(I+jets)

e CMS: b-tagging efficiency
(dilepton)

Ko) T T T T T T T T T T
[3) [ 1
5 0-14> —®— absolute uncena\ntyforlfb” i
m 0 12: -—-®--- absolute uncertainty for 10 fo™! ]
d? ) r —®— relative uncertainty for 1 bt bl
© 0 1'_ - relative uncertainty for 10 fb™! E
+ BN ]
(o [ b
c 0.08 " -
-] L = . ]
£ L 8 ]
D006 .
— L -— |
1 F - H
Q 0.04F = =
r g ]

L e ]

0.02F = e e e
0711\1\4\”\Muluwhuhuhuhulw_

40 60 80 100120140160180200
Calibrated E; b-Jet
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Higgs Searches at the Tevatron R. Vilar

Tevatron combination 07.06

Q@ combination 04.07

e Tevatron Run Il Preliminary g
= asf 1 2 [~ = Observed Limit
EdE D@ Expected Ldt=0.3-1.0 fb - - e Expected Limit
S F o5 .. ; S r P
S o CDF Expected B z
© " g @ i Tevatron Expected g
2
o 25/ m(_::) = Tevatron Observed z
E _I>< § o
e O g X 7
I
B [t R
s
£
3 Full DG C
\ D i y, L=1.0 fb'
100 110 120 130 140 150 160 170 190 200
s I N T NN NS N T N S m, (GeVic?)
900 110 120 130 140 150 160 170 180 190 200

m,, (GeV/c®)
e many new results not yet included in Summer 06 Tevatron
combination

e new results are scaling much better than just the luminosity
factor

EW+BSM
Summary Il

T. Nunnemann
LMU Munich

Higgs searches



SUSY Higgs: ¢ — 77

(R. Strohmer)

[ ]
o all 0 =¢°
[ ]
at large tan 8
[ ]
e D®: no excess

MSSM: 2-Higgs-doublet model:
e 5 H-bosons: h°, H°, A°, H*

o(gg — H) and o(bbH) enhanced

CDF: some excess seen (only er,
uT), but significance < 20

et/ut
channels

CDF Run Il 1 fb-1
MSSM ¢—tt Search|
Preliminary

freemy ;

100

10

Events

10

A—1T
Wz -t
I other EW, tt
jet fake

«—— mp = 160 GeV

100 150 200 250 300
myis (GeV)

wr channel

D@ Preliminary, 1.0 fb™
h

=160

sl

Wz

WZ—u

macop
Wy

BwW—w
WW-slv Iv
i

50 100 150 200 250
Vieikhlae Mace (Cal/)

EW+BSM
Summary Il

T. Nunnemann
LMU Munich

Higgs searches



Search for g, g at the Tevatron (R. Strohmer)

e combination of different jets
+ E; selections, optimized
for different m(g) — m(g)

e most conservative limits
(for
tan =34 =0, < 0):
Mz > 289 GeV
Mg > 375 GeV

e interpretation within
mSUGRA:
improved limits w.r.t. LEP
for
mg ~ 75 — 250 GeV and
my/a ~ 125 — 165 GeV

Squark Mass (GeV)

;;;;;;;;

100

200

300 400 500 600
Gluino Mass (GeV)
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Prospects for BSM Searches at LHC D. Rebuzzi

SY early searches

SUSY most popular template for exploration of new physics at the LHC

SUSY is a broken symmetry (no sparticles observed to date)— several models
of SUSY breaking (mSUGRA, GMSB, AMSB)

my; (GeV)

Minimal SUSY Standard Model (MSSM) with

R-parity conservation
= sparticles are produced in pairs

* the Lightest SUSY Particle (LSP) is stable

sparticles — lighter sparticles + SM particles

down to stable, undetected LSP

large E;™s° + jets + leptons
1000 Chy
- = 10,4 20,0
with systematics

Typical SUSY event

Rich phenomenology
Multiple sighature on

most of parameter space

(Gev)

M,

Inclusive signatures in mSUGRA
parameter spaces - 5c discovery reach for
ATLAS (below) and CMS (bottorn-left)

TLac= 0

800

0
0200 400 GO0 500 1000 1200 1400 1600 1500 2000

M, (Gev)
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A. Raspereza

Exploring SUSY

Complementarity of LHC & ILC

o oV > LHC explores in detail
00 SPS 1A Point HC strongly interacting SUSY
sector (squarks, gluinos)

800

> Most of other SUSY particles
are within reach of sub-TeV ILC

x Big chance to observe SUSY

particles at early stage of ILC
operation (Vs=500 GeV)

x Clean signatures, low backgrounds
precise SUSY spectroscopy
(EW-interacting sector)

> From physical observables to
SUSY Lagrangian
> M], MZ, M}, tanf, u, m ...etc

(Joint LHC & LC effort)
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Events with Isolated Leptons and £, at HERA Summary I

T. Nunnemann
(K. Korcak-Gorzo, Y. de Boer) L eman
o liss i X,
I+P$"“ events at HERA I+ll (e°p, 294 pb") Efficiency to detect u+P‘T“ events with P;>25 GeV
— H1 Calculated for the SM process:
| g ZEUS ep—eWX Wopv

@ Hi Data (prelim.) Np,,= 41
== AllSM Ng, =34.5=4.8

[ signal
n 0.
0.6

0 10 20 30 40 50 60 70 80
PX (GeV) e andp channels

Generated P[\ase Space:
P{>10 GeV, 5 <6, <140, P}>25 GeV

N/ Ngen.

ZEUS events (prelim.) 432 pb™'

H1 events (prelim.) 442 pb”
! 1% Iy

)
LI L e

Non-SUSY
BSM

1 6 distribution (gen)
, trary units)

0.2

10"

HERA Exotics Working Group

6, (deg.)
P *> 25 GeV electrons muons
Data/SM Data/sM
e'p H1l 294 pb? 11/4.7+£0.9 10/4.2%0.7
ZEUS 228 pb? 1/3.2+0.4 3/3.1x0.5
ep H1 184 pb? 3/3.8+0.6 0/3.1+x0.5
ZEUS 204 pb? 5/3.8£0.6 2/2.2+0.3

= H1 excess still at 3.00



Multi-Lepton Production at HERA Summary

T. Nunnemann
G. Brandt, Osamu Ota VIl ot
[2] E
t | e'pandep
10°
IE ? 243 leptons
10%
E +
et et w0f e'p
d’s
E Non-SUSY
3 (%+ 10 BSM
10.2:|»|l|»|||||||||||||||||||||||||||||
20 40 60 80 100 120 140 160 180
7 3 P, [GeV]
¢ ,  ZEUS
' ® ZEUS (prel)
L 446 pbt
p X é 10? —sMm 3
: e ]
e Excess of ee and eee events at 1 cee |
high My, observed in H1 at ;
HERA-1 vanished! 107
|

1
150 200
M,,(GeV)

= 1
10% 50 100



General Search for BSM at HERA (E. Sauvan) i

T. Nunnemann

Events . :
X , ® event yields: good agreement YIY ety
102 10" 1 10 10° 10° 10* 10 . .
HE with SM in most classes
)= ' e search for deviations in > Pr
ne -] dM
v E } an all
= E 1 e quantify significance by
e-e - . .
o e+p comparing with random Non-SUSY
HE . BSM
= 3 histograms from SM
J1FE [ | - p
oy E y e most deviating u — j — v (cf.
i E excess in isolated lepton search)
e-j = [ ] 5 + -1
it H1 General Search, HERA Il e'p (178 pb™)
HYE # 8 % P, Scan
e-j-v b4 e  H1 Data (prelim.)
o ) =—— MC Experiments
v -+ 919
j-j.-"f - 3t © H1 Data (prelim.) g u_J_v
e | F (= sm 5 1
edid [ | 5
JHv E H- E
i E 2"
H1 General Search, HERA Il e'p (178 pb'1) 0 05 1 15 2 25 Ioé B
10



Automated Model Testing (S.Caron) EW-¢BSM

Summary Il
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EW physics
top quark
physics
° Q u aero@ H ]_ The user provides commands to the build in
event generators Higgs searches
e com pare to PU bl IShEd data Event generator makes HERA events with the SUSY searches
right luminosity
e H1 general search HERA-| S—————— = T

H1 detector response, ana
and cuts are simulated usi

(histograms of all

channels) Systematic error is integrated numerically
° D@ Quaero samples (3 and results from different experiments are

i combined
channels, with 4-vectors)

The observable(s) with the most difference is
° provide fast sim u Iation Of used to determine the likelihood ratio L =

p(D |H) /p(D | SM)
detector response
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Limits on BSM with NC DIS (S.Schlenstedt) Summary Il
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limits on EW quark radius
do _ ( do 1 p2 H2)2
%= (%), 1-iR@)

ZEUS
10 | 12 7 T ® ZEUS 94-05 (prel.) ep =
g Fr I R2= (0.67 10"%cm)? E
B o o RZ = -(0.8110"°cm)? ] gg,”vl’SUSY
§ M os LL L i

Quark Radius Limits (prel.)
M| L L n P
3 4

10 10 Q2 (GeVZ)

= Ry < 0.67 x 1073 fm

also derived: limits on contact interactions, heavy leptoquarks
and large extra dimensions



EW+BSM
Search for Leptoquarks at H1 (A. Dubak) oM
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< EW physics
top quark
€ i e 4 physics
LQ Qe s Higgs searches
5 — Ay Aeg, i — LQ oL
[ H1(05) prelim. single LQ SUSY searches
g >
@ g @ @ = H1 (94-00) single LQ Non-SUSY
DO pair prod. BSM
s-channel o~\2 u-channel o~\* 102
~ 1/2 1/2 L3 indir. limit
M q = (sx) M>s . . .
200 250 300 350 400
M o/ GeV

e new: increased e~ p statistics

e So1 — B=Br(LQ —eq) =05
(Tevatron has higher sensitivity at § = 1)

e complementarity HERA « Tevatron



Search for excited leptons at H1 (T. Trinh)

\e\ e; /e/ v)

¥Z (W)
A

10*

Search for e*, HERA I+l (\ s = 320 GeV, 435 pb")

H1 f=+f

CDF Run Il (202 pb’
1 HERA | (120 pb™)

H1 HERA I+1I (435 pb™)
(preliminary)

WD [ |

LEP (direct)
ol b b b b b b

100 120 140 160 180 200 220 240 260 280 3l
e* Mass [ GeV ]

e also new results on excited neutrinos

e excited leptons couple to gauge bosons (Gauge Mediated

Interaction)

e Note: at Tevatron the production cross section via Contact
Interaction is about a factor 100 higher than GMI (not

included here)

0
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Non-SUSY BSM Searches at Tevatron (D. Stuart)

D@: Z — ee* — eevy

3 D2 Runll 1.0.b}
6
E
<
5
4
3
2
excluded 95% CL
o0 200 300 400 500 600 700 80
m,. [GeV]

including Cl and GMI

. !
CDF: Z' — ee
95% CL Limits (Spin-1, e'e’)

a [ .

o [ _ -1 —— 95% CL limit

= .[L di=13f" . Expected 95% limit
Jo 10%: —— 7, (LO6.Brx1.3)
° B ——Z,(LOGBrx1.3)
U —— 7, (LOGBrx13)
S L — 7, (LOcBrx13)
@ F —— Z,(LOG.Brx1.3)
6

[ CDF Run Il Preliminary

e R I P T .. ST
200 300 400 500 600 700 800 900

M, (GeV/c?)

e many model and signature driven searches at Tevatron:

e extra dimensions, leptoquarks, 4th generation quarks, ...

o Z+ X, vv+ X, ...
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Summary of the Summary Summary I
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» many, many new interesting results, too much to be able

to give appropriate credits here Non-SUSY
» Thanks for the speakers of our session for the very high

quality of the presentations!
» Also thanks to the other participants in the sessions for

the lively discussions!
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