_ Peti Périple aux confins
4 du modeéle standard
‘ avec HERA

.-"*
\ Emmanuel Sauvan

B ——

E. Sauvan — LAPP Annecy



The experimental frontiers of the
Standard model

= QCD: exact non-
perturbative
calculations too
complex, rely on
measurements to
describe complex
objects (the proton)

= Is expected to break at
high energy

Precision
- Rely on precise measurements of its O(19) parameters

N Experiments are needed to explore it
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4i @ The HERA Collider
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e HERA II: luminosity upgrade

and polarised lepton beams
= End of running: June, 30 2007

> HERA II: ~-380 pb™! per experiment in€+ g pande- g P
N In total HI+ZEUS together accumulated ~ 1fb-1
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The H1 Detector

e |LAr calorimeter:

. 0E  12%
> Electromagnetic: — = JE
< Hadronic: oL _ 50%
E VE
* Tracker:

> B-field 1.16 T
op,/Pr = 0.002P;/GeV @ 0.015

e External muon detector

E 0.4 v tracks data
o % o tracks MC
03 — LAr expectation
e Electron ID: 0.25
> A compact em. shower (+track) 0012
e Hadronic final state: 0.1
- Energy flow algorithm °'°z
< Combination of track/calo. informations 0 5 1015 20 25 30 35 40
Etrack (GeV)
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Deep-Inelastic Scattering

Neutral Current (NC) Charged Current (CC)

e, ) e, V)

> >
N ) Nn)
e CMS energy s = (k+ P)~*
e Boson virtuality (1/resolving power) Q° = —q° = —(k — k')?
2
e Momentum fraction of the scattered r — Q
parton (Bjorken scaling variable) 2P - g
QZ
¢ |nelasticity Yy=—
IS

e Center-of-mass energy of the _
Y'p system x
= Only 2 independent variables
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The Proton Map in the Kinematic Plane

(e} - I I\\I\H| I \\IHII‘ I I T TTTTT I T TTTTI I T TTTTT I T TTTIT I II\HH:
% 10 8; ] Atlas and CMS :
N\ % [[] Atlas and CMS rapidity plateau
0107; E D0 Central+Fwd. Jets
E E== CDF/D0 Central Jets
106; 1 HL
- [T zEUS
10° e
A seows _ Tevatron
104, 11 =665 z
- ] SLAC =
10°- Ll -
; o W fal
2 by 7
R T i
- P 7 ,:/0'0‘,
L mﬂﬂf 1 experiments
X A ’
10 i - ‘|‘||HHH ]
; | I\\I\I;;l‘ | \\IHII‘ | I\\HH' | \\\\HI‘ | \I\HH' | \\\\IH‘ | IIHH;
w0’ 10 10w 10t 107 107 10
X

E. Sauvan — LAPP Annecy Séminaire LAPP 09/04/10 -6



The Proton Map in the Kinematic Plane
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Perturbative QCD and Factorisation

e Internal proton structure not yet calculable in QCD

=» Factorisation theorem allows to calculate cross sections

dc Oep—X ™ Z .fq(aja Q2) X a'eq—>X
q

£ Soft QCD, Hard cross section,
non-perturbative  Perfurbative
(PDFs)
= DGLAP equations describe evolution of f(x) with Q2
within perturbative QCD P, (2) P, () P,,(2) P, (2)

q g q g
q q—>—< QKMTK/ g
-z g l—z\\ q l—z\\ q -z g
e Similar for pp collisions:

Opp—X ™ Z Z fq-,:(wa Qz)qu' (CC, Qz) X &q.,;qj—>X
4 g
\ Proton structure (= PDFs) not known a priori

M Need to be measured for any cross section calculation

E. Sauvan — LAPP Annecy Séminaire LAPP 09/04/10 -8



Measuring the proton structure

e Neutral Currents:

n dzo'i,ig xQ? 1y Y_
OrNC = = Fy — b F k3
’ dwsz 2'Tl'a2Y_|_ Y_|_ Y_|_

Ye=14(1-—y)?
- Leading order picture of the proton:
B F7 B =2 €2, 20400502 +a2] (¢i+@) N Fyi quarks
[a;FgZ , a;F?,Z} =22 [eqaq: vgaq] (4 — @) w F5: valence quarks

F; =0 (~ xasg beyond LO) M F| (+scaling violations): gluons

e Charged Currents:
occle™p) x x [(1 —y*)(d 4+ s) + (u + é)]

occ(e™p) x @ [(u+¢c) + (1 —y*)(d + 3)] N Quark flavour

= e*p most sensitive to d separation

= e'p most sensitive to u
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Neutral and Charged Current events

Neutral Current (NC)

E. Sauvan — LAPP Annecy

do/dQ? [pb/GeV?]
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HERA
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H1 e'p CC (prel.)
H1ep CC (prel.)
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ZEUS ep CC 04-06
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Valence and sea quarks: F,

e |Large coverage of the
proton map at HERA

® Precision

= Test of QCD in the

perturbative regime: DGLAP 1

=> Gluon determination via
scaling violations

F2 ‘
1 scaling
/} violation
scaling

high x scaling
violation

02
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H1 and ZEUS
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Valence quarks: xF,

o xF3: xF3 ~ o(e p)—o(ep) e Charged currents:
~ (2uy + dy) separation of u and d
! v H1 and ZEUS Combined PDF Fit

2 Highest Q2 needed (Z exchange) Y o Swee ] tmGeV g
o) E
< Statistically limited :
- Combining a part of H1+ZEUS data ; | \
1 H1 Pre“minary 17 1500 GeV L g 3000 GeV
xF;‘;Z B transformed to Q* = 1500 GeV? zz__ “U(X? o
O.Bj e HI (prel) 0-4; : E é:
B == HERAPDF 1.0 r r [ R
B — H1PDF 2009 02 e Z_Nd(X) r ég
: 08 7 5000 GeV E 8000 GeV’ H 15000 GeV é
0.4 06 =
E — 0.4;— g
0.2 = 0zF 2
oL T osh 30000 GeV? 10" 1
10" X X
0.6 [ | HERA I PDF (prel.)
. r *  HERAICC &'p (prel)
N Improvement expected with full vt . HERATCCp Gre)
02 -
H1+ZEUS data (1 fb1) A
10! 1
X
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Gluons: direct F| measurement

y2

14 (1—y)?

Fr, y=Q2/saz

orNCc = F

e Method:
= Keep x, Q2 constant and vary y
2 Vary s: special runs with E;, = 460, 575 GeV

H1 and ZEUS ~
-

L 2 5 8 23 33 33 8 2322 8 3 s323|2ked HERA II

) g 8 8 & S 8 8 3 P 3 S

O o= o = )E

1]

i SRR

°

\ First direct F_
measurement at low x

| HERA preliminary * |

0.2] = HERAPDF1.0

10 10

|
HERA Inclusive Workging Group
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Parton distribution functions

e A global fit to all HERA NC and CC measurements
e Only HERA data used here

H1 and ZEUS
Gt 1
] Q*=10 GeV?
e PDFs parametrised at a starting ) —— HERAPDFLO
Scale QOZ I ~ B exp. uncert.

I B I C ;\\\ |:| model uncert.
:Bf(az) = Ax (]_ — w) | parametrization uncert. Xuy

/uvdaz:2 /dvdwzl 0.4

L XS (x 0.05)
_\;:--\__

e Uses DGLAP for Q2 evolution 02

= Dominated by gluons at low x

10" 10° 107 107! 1
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PDFs and the LHC

e A large fraction of LHC physics is at low X

- Crucial needs of HERA PDFs for cross section predictions
using DGLAP
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HERA's impact

[A.M. Cooper Sakar]

A Prediction on W production cross section for LHC: DGLAP at work
e W prod. at LHC with HERA

e W prod. at LHC without HERA

c 2T -
S I 0.0001<x<0.1 1
()] : A
2 1}
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= ‘
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= b |
N .
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HE B - =
4 3 1 0 1 2 .3_ 4
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20 |-

0

xS,

10* 1073 102 107! 1

E. Sauvan — LAPP Annecy

2
C -
5 0.0001 < x < 0.1
QU | B
» | L'
b B o
OQos L ~ 5 /O
+ [
; n -
S -
2 -
H " - o I T -
4 3 10 12 3 4
W+ rapidity y
60 Q’ = 1000 GeV? _
S uncorr. uncert. :
° PDFS tot. uncert. 4
. . 40 |
including |
HERA l
20 |

107 107 107! 1

Séminaire LAPP 09/04/10 - 16



2
=

= 18
s
&
3

A |
N
=
—

9 05
z

0.1

0

-0.1

E. Sauvan — LAPP Annecy

Predictions for the LHC

W+ production at LHC

HERAPDF1.0

- exp. uncert.

model uncert.

|I|||||J||

- param uncert. |

relativ? errors

= 1 |

4 3 & 4 @ 1 2.3 4
W rapidity

N ~5% uncertainty, dominated by model and

parametrisation uncertainties

[A.M. Cooper Sakar]
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EW: Polarisation effect in CC [H1, PLB 634 (2006) 173]

e Exploits e+/e- running and polarisation

S (P) = (1£P) 06l (P = 0) g

- Linear dependence established
in DIS at HERA

- Compatible with V-A structure

= No Right-Handed currents
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Light quark couplings to Z

. . e
e Fits together QCD proton structure and EW couplings c > /z"’/
Y,
- Takes advantage of the polarisation b Il}\
> >
(for vq) N
> Increase of e-p luminosity from HERA Il data (ag. vq)
>3 L L B >'U B s
- HA1 © HERA-1+2 (prel) . 1; H1 © HERA-1+2 (prel) B
Hn 68% CL [ m ] Published (94-00) B - 68% CL [m ] Published (94-00)
[ (@ ] L (b) ] .
osh ] o5l e | LEP: ee — qq at Z peak
O ] -l— _- 0 ] i
' | Tevatron: qq — ee from
0sf 1 osf ] Drell-Yann (Ag)
* Standard Model i * Standard Model |
A - LEP EWWG - A LEPEWWG -
L T I T I R R e TR B
A -0.5 0 05 1 -1 -0.5 0 0.5 1
a, Ay

N Best precision for u-couplings

N Still to go: H1/ZEUS combination
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Complexity in the SM: QCD

e DIS: only probes longitudinal momentum content of the proton
A Tncomplete picture

= Proton’s transverse size ?
- Correlations between partons ?
= High parton (gluon) densities ?

1 | 1 1 I
Atlas and CMS
Atlas and CMS rapidity plateau

D0 Central+Fwd. Jete

00C

—

CDF/D0 Central Jets

H1l

% New windows provided by 0
Low x QCD interactions at 07 T e
HERA 0

\ Diffractive interactions
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Diffractive interactions

e Diffractive interactions: a colorless exchange

= The proton stays intact
e'(k’) (or in a low excitation state)

e’ (k’)

DIS Diffractive

DIS

Colorless — X(X)
exchange
&€ x1p GAP
P(p) N
A = N(p’)

J ‘ T —]

ﬂ
; munE’/IH
1 ||

L]
5
+

= Gap in rapidity observed

N ~ 10% of all DIS events
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Different points of view of DIS

e |nfinite momentum frame e Proton rest frame

2
E ~W*~1/x

- At low X, rapid photon (50 TeV)
seen by the proton

2> A “frozen” proton seen by the = v* splits in a qq pair, long life
electron time due to lorentz boost

= Electrons as probes for quark > Transverse size: ry ~ 1/Q
structure =110 0.01 fm

- Hadronic interaction with the p

A Q2 steers the transition from hard
collisions (perturbative QCD) to soft
hadron physics
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The dipole model

e Deep inelastic scattering e Diffractive interactions
e Diffractive DIS e Deeply Virtual Compton
_ Scattering

* q )

Y T S
wwwxg — 'vwwvxg }x
g > X 9
P R & b g
p g p

= Cross section proportional to
the probability of finding
2 gluons in the proton

e Or vector meson
production

N Allows a unified description in the low x domain

* Then z g(x, Q%) o z M@
o 2
o~ C®zg(®QY)]  (-03) ol oc WM
A R [ac g(z, Qz)}Q o Q? odiff W4A(Q2)

x
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Saturation

- ZEUS 1994
> We expectastrong i Jotot o WA o Gi-sceV’ v gl-27Gev
dependence 7P 5 oos| M, <3 GeV
X
= But a flat ratio with W is observed instead 5, %04 s + ¢ s *
002 T 1 b d d!} _________ Mo
\ Limitation of the 9|uon distribution ol ey Ca s SR P
extent as W increase 006 % * e
: ST A 4
M Gluon density saturates (as gluons re- L3 — h——
inferact with each o’rher') / %i . A — e —
E .............. 45. _____ 215._..., ,js ......... Zﬁ ..........
e Can be .descrlbed by dipole models including T e
saturation (Qs = saturation scale) voal
4 Saturation R 22 ’ 7 S S Tff'ffi%"..'..'..',.T.’..’.T.i]
1/x (Colour glass ) Q,42(x) Oqq3 = 00 (]_ — 8( r Qs(m))) T T ?ﬁj ________ ; ________
| condensate) " T
! = ol i i P N AN S R BN B B B
2 ! £ ) Dipole cross section %0 60 80 100 120 140 160 180 ?oo 220
2 | i i W(GeV)
g 5 i Linear 20-
25 | evolution | —
82 I BFKL 10} x=10"*
5 | sl S x=10"
< : | x=10"
) veLap R o e
| > r : dipole size rem T = 1/Q

Q2
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Geometric Scaling

e A consequence of saturation:
> Cross section depends on a single variable 7 = Q*/Q2(x)

= Property called “geometric scaling”

e DIS e Diffractive DIS e DVCS

[H1, PLB 659 (2008) 796]

~— = r 2 - =3 /2 r N 2 i (5 SRV
3 103: B S g | 8=0.04 for Q* in (5-90) GeV i B8=0.1 for Q* in (5—90) GeV 3 H1
= [<=% £ o
£ N i c
E = %ﬂ% [o—
© L & (7)) .
a ¥ iy 10 |
E O HIdata(LRG) E Q u} O
O ZEUS data (Mx) *0.85 ? > *
lolj — L+ data (] bc >
= *
‘6:0,2 for Ql‘m (5-90) C;\f ‘ﬁ:OA for Qz‘m (5-20) G;\/I
ol
L a L
lﬂ’;ﬁ‘-‘ s
L
0 - 4 L™y “i
F E o?]mt £ { *
ZEUS BPT 97 o % | B ‘ ‘ ‘ ‘ ‘
ZEUS BPC 95 bie R ) [ $=0.65 for Q”in (5—90) GeV’ [ 6=0.90 for @ in (5—90) GeV*
H1 low Q’ 95 A L E i 3
1 ZEUS+HI high Q’ 94-95 o &% = ; :B%%% F
E665 v o 1 [ [ - L . .
ot @i&i 1 I I = e H1 HERAIllep .
x<(). v i .
- o]  H1HERAI
a f W £ .
] i Tﬁ. i -==: Dipole model
ol vl il il , 10'1 L1l L1l
10? 107 10! 1 10 10° 10° e » o X - " 2
: T, T, 10 10

T
u Universal saturation scale Q.2(x)
A Can also be connected to effects observed in heavy ion physics
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Deeply Virtual Compton Scattering

e Elastic production of a real photon
> A pure QCD process

= The cleanest process to study QCD effects at HERA

Electron
|

- '

- o

|
Q2: virtuality of the exchanged photon

t: squared momentum transfer

W: center of mass energy of the y*p at the proton vertex

system

e |Involves 2 partons of different momentum fractions
=> Allows to access correlations between partons
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t-dependence of DVCS cross section

e Quantum analogue of optical diffraction: - ;

. —b/RZ. 2 1
= Momentum and coordinate are ['(b) € — f(t) wR /)
conjugate variables O | i .

: : : R
2 Diffraction pattern in momentum  Impact parameter Momentum transfer
if coordinates restricted to a space space
finite region

e Measurement of t-dependence of DVCS cross section
performed at different values of Q2 and W

[H1, PLB 659 (2008) 796]

> e ?=gGev?  H1 do
S 10 | 4 Q?=155 GeV? \ x e—b|t|
2 6 Q=25GeV: () dlt
- 1 : | |
T
2 10" > 9 F— Dipole model
3 W = 82 GeV S 8F--- GgDs model H1
= 7
o W = 82 GeV
e W=40GeV g \%4 ... . .
10 A A W=70GeV | 8Eg LT TR
\ A W =100 GeV b 4 e HiHERAII
A (b) 3 © H1HERAI
) 2 2 0 ZEUS HERA |
1
0 Il I Il Il Il Il I Il Il Il Il I Il Il Il Il I Il Il Il Il I Il Il Il Il
0 5 10 15 20 25 30
10" Q? [GeV?]
0 01 02 03 04 05 06 07 08 09 1 .
¢ [GeV?) e No dependence with W observed
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3D imaging of the proton

4T ey - -

e From It x e ""'via Fourrier transform to impact parameter
= |In analogy with 2D from factor measurements, is related

to transverse extension of the proton

— | xP |
N /< ri>=0.6440.02 fm | SN ¥
h b Nare
Extension of seaand ~ ———----—— =
ong1 x=
gluons at low x M
S~ / Large x
- parfons

e A core of “fast” valence
quarks

* Surrounded by a cloud of .
“slow” gluons and sea quarks

. Direct measurement performed for x ~ 1.2 10-3
N Only indirect determinations exists for high x
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3D structure of the proton and the LHC

e In pp collisions: secondary interactions, besides the hard one

= High x needed to produce high
mass particles

=> Central collisions

= Increased probability of
multiple interactions

<p’3
.—___:?__-_‘_"‘*.—-——_ 4
EH"‘& o ° Ib
. | HERA Py 02
i i Fixed |
€ 1 i i target ! 0.1
10°* 107 10*:%: 107
LT Peripheral pp collision Central pp collision

N The harder the collision, the bigger the probability

of another collision
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Generalised Parton Distributions

e A 3D description of the proton

e Interpolates between form factors and PDFs

¢ |Includes correlation between partons
T

e Generalised parton
e Form factor e Parton density distributions (at n=0)

p(bj_) J(x)

0 b, x

1

A Total DVCS cross section related to S

. . o (Q2 H;) _ [Iﬂlfl(’}’*p — Af!p)fi:O(Q W )] (1 +p )
imaginary part of GPDs pvas(t’s W) = 167 b(Q2, V)
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DVCS Beam Charge Asymmetry

e |nterference between DVCS and Bethe-Heitler
" Bethe-Heitler: QED process

[H1, arXiv:0907.5289]

2
DVCS: e Q

QCD process

dot/d¢ — do~ /dg

Ac(¢) = f
da+/dq§ + do /d¢ reaction plane = °°F H1 e H1HERAI
Foib ey

_OB-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 20 40 60 80 100 120 140 160 180

0| [degrees]

ReApves
[ Apves? + |Apw|?
- Related to the real part of the DVCS amplitude

N ReAp,s = integral of GPDs over the whole x domain

Ac(¢) = prcos¢ = 2Apy COS ¢
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The high energy frontier of the SM

e New physics is expected to appear at ~ 1 TeV

= Effects could be visible at highest energy colliders:
LEP, HERA and Tevatron

" [
Atlas and CHE

=, st
Atlas and CMS rapidity plateau M G,I"E

e ep interactions complementary to e*e-or pp @,

T00C

R
]

@ ~
g

=

=

10° -

2 7 ~ 0.5 fb1: search for processes with
o<1pb

107 -

10+

= Parton luminosity: HERA collides 05
beyond LEP mE;

- Backgrounds: HERA has less than 1o
Tevatron =

LJCAL

A 2 complementary approaches:
=> Model-driven searches

= Model-independent searches
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Deeper into Matter Structure

M Repeat the history: diffusion of point-like particles on matter
e Atom - Nucleus = Nucleon = Quark (= ?)

= DIS scattering of e on q = A finite size of quarks EW charge

distribution
10" Neutral Current (ep — eX) )
‘r“- T T T T T 1T || T T T T 17T I| E i 2
> H1 ] do dO’S v Rq 5
g)__ 102 ¢ H1HERAI+II e"'p (prel.) - —2 — > 1 - _@
ey - o H1HERA I+l e p (prel.) d@ d@ §
o~ 10 H1 2000 PDF e*p -
g —— H1 2000 PDF e” p -
S T T T | T T
-8 15_ E 10 - 14 ] T T .ZEUS(prE|)ep044fb*
- 1 8f r . * —— R%= (0.63 1016cm)
107 R “"""‘i:*?'!i-.?: : R2— -(0.57 -10"%cm)?
B . i 0.9 L | L
107 3 E - 10° 10°
103 % é 1.7 00 0-0-0-0-9 O 9 -0 i@t Wiy L_—.:I;ﬁ"#‘ o ___
10+ ;— E (C) Quark Radius Limits (prel.)
E E | | | | | | | | | | | L L ‘
10° 4 10’ 10° Q? (GeV?)
10-6 1 I | || | L1 11 I| | |

10°

E. Sauvan — LAPP Annecy

104

Q? (GeV?)

W Rg<«0.63 108 m (ZEUS)
N Rq<0.74 108 m (H1)
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Com pPOS itness [H1, PLB 663 (2008) 382]

[H1, PLB 666 (2008) 131]

e A direct manifestation of new substructures [H1, PLB 678 (2008) 335]
=> Existence of fermion excited states E
< Searches via decays to fermion+ boson Fx
£/ A

e ep colliders well suited

> A complete scan performed by H1 at HERA, using all data V

=2 v*, e* and gq* searched for

1 Search for v* at HERA (e'p, 184 pb™) —10" Search for e* at HERA (475 pb™) 1 Search for g* at HERA (475 pb™)

< E f=-f i = f=+F ~ E E .
% C H 1 % - H 1 % | . s
0 - * w i * 0 - DELPHI *

ot : [t - Rl | BR(q*—qy)=1

51015_ A% f1o-zz 20 . 51015 q
Y C Y = LEP (indirect) / .. = : |

. n i A _ H1
[ Tevatron (1fb") ..ot ’
b e e

107

TTTTI

FIA =1/My*

-
o
[

10

T IIIIIII| T TTTTIT

-I-.I..Lll'jll T T TTTI
T

L3 Al aa 'IN,"\ AN,
107 Er LEP (direct) H1
vl by bes bv be b b b b na o _!IIIIIIIIIIIIIII I - IIIIIIIIIIIlIII -4 |||||||||||||||||||||||||||
100 120 140 160 180 200 220 240 260 280 300 320 100 120 140 160 180 200 220 240 260 280 300 10700 150 200 250 300 350
v* Mass [GeV] e* Mass [GeV] q* Mass [GeV]

\ For I*: HERA has the best sensitivity in /s = 200 < Mjx < 300 GeV
N For g*: complementary to Tevatron for small fs
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Multi-Leptons Final States

[H1, EPJC 31 (2003) 17]
+ + . , [H1, PLB 638 (2006) 432]
¢ ‘ M Low and well controlled SM contribution [H1, PLB 668 (2008) 268]
Y £+ ® Mainly produced via y-y in the SM [H1 and ZEUS, JHEP 10 (2009) 013]
_ e Look for events with at least 2 isolated high-P+ leptons (e,u)
S > ee, eee, ey, uu, eup
P X e H1+ZEUS combined analysis (0.94 fb-1)

o ~ 1 pb (high Py) > XP; : hardness of the events

® H1+ZEUS (0.56 fb)
E=swm

[Z71sM Pair Prod.

® H1+ZEUS (0.38 fb)
Esm

F~"1sM Pair Prod.

ep

X P; [GeV] 2 P; [GeV]
- Striking events observed for 2Pt > 100 GeV by H1 and ZEUS
>Onlyine+p:7/1.94+0.17 N Probability of 0.4% (2.60)
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A General Search at HERA .. ;.52 000 14

[H1, PLB 674 (2009) 257]

\ Investigate all high P+ topologies

. H1 General Search at HERA (e*p, 285 pt  H1 General Search at HERA (e'p, 178 pb™
* Pioneered by H1, . CA R IR N e s e )

full HERA data, 463 pb’ o : | o

M

[

||
4]
[}

v
[4)]
=
UL

L

-
|-|€II||

e |solated particles g
9 e’ }/, I’l) jet)v "

vy
Iyl
e
e A common phase space i

e-e-j

= Prpat > 20 GeV oo

> 10 < OPat < 140 deg. 3 p.[&%

e
e-v+j

-2
=
Iil-ll-l-

lally

]U'Hl]l]“[l'\l' J“IJ Tmumn

p-v-j
e-l-v

= Good agreement with SM Vi

y-€

in most classes W
Y]
. 4p. | %5

M Good understanding v
I
of the detector and & o.|
g BEEEE

of SM processes 102107 1 10 102 10° 10° 10° 102107 1 10 102 10° 10* 10°

Events Events

|

erp | &

l

® H1 Data
— SM

LIA | eV
H1 et

® H1 Data J-
== sm NEEEL

E.—f-
==
iB—a

=

5 : a

——————8

HVJF

e

S I———

s=———— |
| B :

S
-

B
=

R
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A General Search at HERA

e Look for regions of data/SM discrepancies in 1D distributions:

> 3P, M, - Topological variables: angle and energy sharing
105 . .
‘Ig 104 J - J
Q. .3 e H1Data
S 10
I'u 102 2':' ion of
10 - Iargest deviation
1
10"
102
2. P; [GeV]
@ e-e @ i-7-]
§ 10 ;;',103
w 1 I.IJ102 X L 2El>)<<aad
lead —
10 > B
10"
.................. 1 1 ] 1 1 [ [ [ L
Mall [GeV] Xlead

. Largest deviation observed in e+p, in e-e channel for M, (~2.50)
N Global probability to observe such deviation in one of the channels: 12%
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Summary

e The SM is still a largely unknown territory (QCD, ...)

e HERA was a unique machine, allowing to improve our
knowledge of the SM

e | HC: primarily intended to attack the high energy frontier of the SM

L’ HUMANITZ N'A
1. PAS ColNy DE
MOMENT AUSSI EXCITANT
b DEPUIS MoN PREMIER S
| TRAIN eLECTRIQUE

A The understanding of the
proton structure will be

necessary for the study
of LHC collisions
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Additional Material ....
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EW: Polarisation effects in NC

e Exploits e+/e- running and polarisation

- Probes parity violation in y-Z interference

At 2 o (Pr) — o (Pyp)
PR—PL O'i(PR) —I—O':t(PL)
<« 1
0.8 |- . -
- H1+ZEUS Combined (prel.) ]
0.6 | - . .
04 | ¢ |. | N Firstobservation of
02 | 1 E parity violation in NC
0 : data down to 108 m
02 ¢ _
3: 3 s A t 1 N Improvement foreseen
08 | . ML000PDE_ : with full H1+ZEUS data
1 G e :
10 10
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XF, effect at high Q? in NC

H1 and ZEUS
SR i
< 3 ® HERAINCe'p === HERAPDFI1.0 e'p
® 10E ) HERA INC ep —— HERAPDFLO0 ep
v B
+ 7“:, B
o L oo o 0 FeG= x=002 (x300.0)
102k oo o0 o0 gei—S x=0.032 (x170.0)
§ e -oooO Ho—g—R —  x=005 (x%0.0
- _..._.—Q—Q—G—[-g-6=6=§i x=0.08 (x30.0)
10 g_ W‘i‘% x=0.13 (x20.0)
E Agw—l—é—!—l-i—l—ﬁﬁ.%:ﬁ x=0.18 (x8.0)
i : x=0.18 (x8.
I =
= x=025 (x24)
10'1_
= x =040 (x0.7)
: grte
.g_ X = 0.65
10 |
i | 1 IIIIII| | 1 IIIIII| | 1 IIIIII|-
10° 10° 10 10°
2 2
Q% GeV

E. Sauvan — CPPM Marseille Habilitation a diriger des recherches 30/10/09 - 41



EW-QCD fit

NC structure functions (SFs) have 3 or 2 well defined contributions from
y exchange vZ interference Z exchange
E=E—(V+P.a) K, Fi + (v2+a2+2P.v.a ) K: F> e O ]
— Z

XFs=—(a+Fe Vo) KZXF:E*: +[2vea+P.(vi+a2)] KEZ XF? Q" +M:

[E,, FY, ?]:xZ[e%, 2eqVy, V2 +a3](gq+q) PDFs: Parton Distribution
vZ Z[ _ Functions

Valence quarks u,, d,

Unpolarized et (HERA I): coupling constrains mainly from F,Z and xF;# terms

Polarized ex (HERA II): helps to constrainyv,
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Other PDF constraints

e Fixed targets: valence quarks (d,)

e Fixed target Drell-Yann (pN — up): xd - XU at high x
e Muon pairs in neutrino-nucleon scattering: sand s
e Gluons: jets at HERA (middle x), jets at Tevatron (high x)

e W+/W- at Tevatron: d/u ratio at medium Xx

e | HC: Z production may reduce pdf uncertainties for W

e Asymmetries in W production: for the first time constraints
on valence quarks at low x
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Charm and Beauty PDFs

H1 F5°(x,Q%)

N x=00002,i=12
Xt /{? ;- x=0.00032, i=11
lQ L .

oo -

x=0.0005, i=10

= %x=0.0008, i=9

H1 F3°(x,Q3)

10 2 x=0.0013, i=8 | © X=0.0002
n 1 X i=5
K=
.- x=0.002, i=7 -?_I‘_" X=0.0005
=4
10 | E
x=0.0032, i=6 x=0.0013
i=3
10 .= x=0.005, i=5 .
L ] 1 | -

i. x=0.008, i=4
popme==E

x=0.013, i=3]

_ M 10
10 .

] = H1Data
x=0.02, i=2 ] ) L — MSTWO08 NNLO K=i=ﬂb032
] 10 F MSTWO08 4
e H1 Data x=0.032, i=1 | - CTEQSS
| — wmstwos NNLO "ﬁﬂ_ns,i:n N
10 L MSTWO08 . 10 10 10
-------------- CTEQ6.6 Q°/ GeV?
Ll 1 I I | 5
10 10
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W, Z predictions for LHC
W and Z rapidity distributions

2T 7 2T
1.5 - - 1.5
31 -

Z

§ ¢

(3]
\\\\‘\\\\‘\\\\‘\\\\

E. Sauvan — CPPM Marseille

[A.M. Cooper Sakar,
PDF4LHC Workshop]

N HERAPDF 1.0, 10 TeV
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W, Z predictions for LHC

[A.M. Cooper Sakar,

W and Z rapidity distributions PDFALHC Workshop]
Zr 2
1.5 1.5

0.5

W+
\\\‘\\\\‘\\\\‘\\\\
\"\Y
T T T T T

09 L\\HH\\H\\\H\\HH\HH\HH\HH\HH\\L 0(1; .
005 ~ A 005 — —
0 = = 0 = =
VL5473 270 01 2 3 4 VL5372 9 0 1 2 34
Y Yy
0.4 ]
0.3 -
Noz - N CTEQ6.6 (68% C.L.), 10 TeV
0.1 - —
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Impact of PDF on H at the LHC

100 g . .

10 F

1000

My [GeV]
A. Djouadi, S. Ferrag, Phys. Lett. B586, 345 (2004)

E. Sauvan — CPPM Marseille

1000

| | | |
1.2 .
1.1F .
1F 1~ -
0.9 I -
0.7 B \:::\\\ 0 8 | ]
0 L W 100 150 200 _
\\:\\\\
0.3 F MRST —— —
CTEQ
Alekhin ------
0.2 -
o(9g9 — H) [pb]
Vs = 1.96 TeV
] | | ]
100 120 140 160 180 200
My [GeV]

Habilitation a diriger des recherches 30/10/09 - 46



[M. Ruspa]

WS . "

8 Why lefr’GC'l'IOH Term introduced in nuclear high-energy physics
& in the 50's, used in strict analogy with optics
- 19) R oo o
S ) {10 =l R -2
S [(7=0) 4 2

—>1_%)

= ... A LI2Rg Forward peak for 68=0 (diffraction peak)

— ‘Rn Diffraction pattern related to size

of target and wavelength of beam
T
0
Propagation/interaction of a a hadron = absorption of its wave function
N Ao _ exp(br) ~1-b(pOY
P dordi(r =0) ~ PPN =1-b(p0)
p P o
P | 1] ~ (pB)? 4-momentum transfer
e _ o % scattering angle
P P AL S Y O
IDF T R transverse distance projectile-target
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“Regge” Factorisation

V(@)

QCD collinear
factorisation at

fixed x, t X (M,) X
Protonvertex |
factorisation PR
.
P — P p ~ p
. ZEUS
— 1.3 | T T T
o
=z | e ZEUS LRG 62 pb™'
3 5| O ZEUSFRCI |
D ( , 9 P/ - 2 ' o ZEUSFPCII
) :L’ \ t "j., Q ) — f(:[j . t) f (j., Q ) - A ZEUSLPS33pb’
JC?/ P ’ 1 IP ’ [ M 12 | --- Regge fit LPS+LRG —

Wl { _
_ By pi-20p (1) “"%“}kﬁ ﬂj:% %++%iM|H~

87T2 P 1.06 |- + —

ap(t) = ap(0) + 't | ]

L L | L L L |
0.9 3
10 10

Q? (GeV?)

E. Sauvan — CPPM Marseille Habilitation a diriger des recherches 30/10/09 - 48



DVCS: HERA and other experiments

tests of the Q° evolution and pQCD : GPDs + dipole models

H1/ZEUS

BH >> DVCS => asymetries

DVCS » BH /
f(topol N
(topology) o
- )
: £
cross section - p
N
measurements - &
J"'-‘II iiéﬂ&
A g 1:?.!*
, Y .
2y . &
_:::EG:I*' ' "HI,EF'
PP e
--_'.;'ﬁ. 1 - \1““‘
2 -
D P

0.1 02 03 04 05 06
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DVCS Beam Charge Asymmetry study
x%y2<1+62>2127><¢> <>{ +ZCBH cos (nd) t-o1” Si”(¢)}

6

2
’TDVCS|2 € { DVCS Z { DVCS COS ngb) 4 SDVCS Sm(ngb)}}

Ten|? =

2Q2 n=1
+e6 5 :
T = PEYTNPATN S {cg —- nz::l [ci,f cos(ng) + s= sm(ngb)}}

N\

Beam Spin asymetry

- Need to build asymmetries to disentangle the

different contributions of the interference
Beam Charge asymetry

production plane : i
* ¢y is the azimuthal angle between

S the lepton scattering plane
- » X . . .
(incoming/outgoing leptons) and

/@f photon production plane
£ - s> (virtual/real photon)

= Around z-axis defined by the y*

scattering plane

i
¥
¢
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DVCS: Beam Charge Asymmetry

Recent result from H1 (x,;~107) Compilation HERMES & H1

for pl [ BCA~pl cos(®) |
o 03—
BCA ~pl cos(®) ~ 0.16 cos(P) H
05" HERMES data (cosdg, term of the BCA)
o 05F i o H1 data
= ® H1data C
< 0.4 ;_ 1 H1 - P, cos() I}.E:
] e GPDs model
0.2 E_ 015 T- ETLT
0.1 = | “t=0.17 Gel® i
0 -t { ------------------------------------------ 01 f ]
01E 1 A .
-0.2 g_ s 0051 ' Qi=15-56ev®
0.3 g_ 1 E <Jtj==0.1 — §.2 GE“\"! E
04 0 T ]
05 Evv v b v b b P Loy v o C 4
0 20 40 60 80 100 120 140 160 180 oosk I T i
o [degrees] : / T

Without details: GPDs provide already R J S ,
a good description of data... work in progress...

Future COMPASS program
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DVCS Bethe-Heitler (BH)

More complete expression T
H‘h._.-""- e e = HH_--""-
Belitsky, Miller, Kirchner o(ep—=epy)= + .
'01 e O

Let's neglect polarisation effects
doyp sy = doBH + do®VeS,,.,, + aBH g APVCS

Mx,., Q1 ,
aorf = (%, Q ){,:fH n :;:"IEH cos @ + gf” cos 2¢) « Knewn expressien

Pl@)P(9)
bhes ',,EE (ePV 4 cf"?"ﬁ cos ¢ + c'ﬂ'.“ﬁ cos 2¢)
wrpol }"QE 0 T 2
o Sf'gnfuf the incident lepton charge
a? Re APV = +/- € {c‘r"”;. + e cos @ + ;:L"."‘ cos 20 + :EI”’ cos 3p)

Xy th(e)F(p) 0 R

-
El

Ea— expected to be negligeable (for indication)

Twist-2 M1 Twist-3 MY Twist-2 gluon M-
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Dominant term in the DVCS xs measurement : C PV

DVCS
CD

Interest of BCA measurement

=3mH?*[= H?*(x=¢,E,1)]

H : GPD singlet (H1)

Dominant term(s) in the BCA : C;i"t and C;Int

(note : NLO corrections are large)

. (1+small Re part corr?)

Int —
C,nt=

Re H =

7|

r+1
-1

dx

H(x, €, 1)

x — &

Tves 2'.'“ H(x.c.1) e 4

S x—Eiie

+C.1.

O DVCS xs measurement : GPD in one point @ x=&
BCA measurement : integration along the x line

E. Sauvan — CPPM Marseille
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Spycs [NDP]

o N =2 o o0

E. Sauvan — CPPM Marseille

DVCS Cross Section

e H1HERAI
H1 O H1HERA|
0 ZEUS HERA |
- Dipole model
----- GPDs model
W=82Gev =
0 10 20 30 40 50 60 70 80 90
Q? [GeV?]
| @ H1HERAI
- O H1HERAI H1
- — Dipole model
r --- GPDs model
- Q2 =10 GeV? *—
0 20 40 60 80 100 120 140
W [GeV]
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Diffractive DIS: kinematics
ep - e Xp'

e Momentum fraction of colour

Rapidity Gap 2o singlet exchange:
- 2 2
e = e — ==t M “«p rp =& = Q"+ My
P Ml e' P Q2 NV Vg
e e Fraction of exchange momentum
) of q coupling to y*:
e -/'Q Q2 T
6 — = —
} My Invariant mass Q*+ M5 wp
of the diffractive
Xip final state e 4-momentum transfer squared:
b__ A B (M) 12
i/ t=({p—1)

e Diffractive cross-section (integrated over t):

PP oma?, N
_ em | _ y- D(3) 5
dap dfF dQ)? [G10% ( y 9 ) 9, (CL‘]p, 5,Q )
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D(3)

X,pO;

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05
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H1 data 97
® H1 data 99-00 (prelim.)

99-00 Data

=0.01 B=0.04 R=0.1 R=0.2 p=0.4 B=0.65
1 Q? [GeV?]
" L i
[ ' ! t 12
" b, owil Yo t My 7
i " { % : 15
L . ¥ o4
[ ' Eotee, LTV L + L, "o
b
- ' iy + 20
: ‘...t t'..‘ "‘:‘. ) *'+. “0’
: [ i
- ]
. Bawt Teoby,, :‘lln .t‘:.o "" %
3 - } ! %q -
b *Mv" l:.:;o ‘tgo’ A
:' AN C * a5
t *:‘ﬂ *k’. . ¥"‘+ N ¥": "
y v I t " 60 &
i f iiﬂ ‘:"+ hui" T =
'l 'l 1 'l 'l 'l 'l S
L L L
[ [ ©
[ [ 90 ©
++ : f#bt i#t* }bﬁd 2
1 1 1 L L L 1 L [ L 1 L L L 1 1 L 1 I
-3 -3 -3 -3 3 -3
10 10 10 10 10 10
Xip

¢ In middle Q? region:
Q% = 10-105 GeV2

e Mx >4 GeV
o LRG: N <3.2

e No activity above noise in
forward detectors

e Correction to My < 1.6 GeV,
|t] <1.0 GeV2: 1.09 + 0.06

= Normalisation
uncertainty of ~5%

N Good agreement between
97 and 99-00 data sets
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H1 data 97
® H1 data 99-00 (prelim.)
H1 data 2004 (prelim.)

2004 data

p=0.01 =0.04 p=0.1 p=0.2 p=0.4 =0.65
a [ 1 Q? [GeVz]
ob‘_ 0.05 F ol o | + [ Fﬂ : ++++++ 12
[ b [ i
& 9 ‘~++ L :“m "::' ’+
x 0 1 1 1 1 1 1
t
0.05F 10 t {EO' ", 15
mees, | Biagye !‘..,._ %o
0 1 1 1 1 1 1 1
0.05F . & - +++¢ 20
¢ + e ¥ [ t
: ¢ wwy e ool '
0 L L L L 1 L L L 1 L L 1 : 1 L L
0.05 F |+x F &y 25
g (2 ‘.'. "' A,.o . ."
0 1 1 1 [ 1 {
0.05f b -
! i:2," i!;f:o . ﬂi* 3
0 1 1
0.05
s Ki " ¥; 4t LY 45
Yyt oge o Yoy
0 1 1 1
0.05 | ' c
i | 8 t Wy m |60 &
. " &, p Y =
-
0 1 L 1 1 L 8
©
0.05 | B 90 3
t .
| fb i s o
0 L L L 1 L L 1 L L L 1 L L L 1 L I
-3 -3 -3 -3 -3 -3
10 10 10 10 10 10
Xip

E. Sauvan — CPPM Marseille

e Analysis of this sample more
focused to larger Q?
(17.5 - 105 GeV?)

e Correction to My < 1.6 GeV,
|t] <1.0GeVZ2:1.18 +0.10

= Normalisation
uncertainty of ~8%

N Confirms 97 and 99-00
measurements
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Diffractive contribution of the total cross-section

dgfﬁ.ff B ] 47T2Oéem FD
w5 T
4W2@mn
Otot — 7 £

e F,0 / F, ~1-2% in each bin
= Integrated over B :
F,0 -~ 10% F,

- Diffraction is a non-
negligible fraction
of F2

e Similar x dependencies for
F,0and F,
= A unique factor between
F,Pand F, ?

E. Sauvan — CPPM Marseille

Oqi(biN B)/o, 4

H1 Collaboration

® H1 data 99-00 (prelim.) $=0.40
003 F Q°=15 GeV? L Q%=20 GeV*
0.02 F d
h ¢ )
- $o [ ¢ L ®
0.01 | -
UE_|_|_|_|_|.|.|.|]_|_|_|_|_|.|.|.|.| E MR | MR |
003 F Q%25 GeV? L Q=35 GeV”
0.02 | . -
0.01f a
0 E—l—l—l—l—l-l-l-ll—l—l—l-l-l-l-l-ll E hedt s a il x aaal
003 Q°=45GeV” [ Q=60 GeV’
0.02 | -
0.01 -
L ||
0 [ wul o | N aaul
-4 -3 - -3 -
10 10 10 10 10 10
xBj
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® H1 data 97

X,p=0.002
BEKW(mod):

® H1 data 99-00 (prelim.)

H1 data 2004 (prelim.)

- 0.06 ™
%h Q2=20 GeV? g;
o o
o o
5 5
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o
S

-
=
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H1 Collaboration

=

e Fit all H1 data together:
97, 99-00, 2004

= 672 points
2> XZ2/points = 1.26

N Good overall description
of data

N B decomposition consistent
over the full data set
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2 gluons exchange model

e | O realisation of the Singlet Exchange

e BEKW parametrisation: [J. Bartels at al., Eur.Phys.J. C7, 443 (1999)]
= Modified form used [ZEUS coll., Nucl. Phys. B713 (2005)]

IlPFgD( ) = CT -

e Dominant terms: QQ
T N ,
qu;’ v 6 (1 — 6) quq 1()5%(1 + Q_(Q]) (1 o 6)
o wu At medlgm B@? u At low 8
Fr o . lo ( ) (1 —23)
oy < \atmg) Y
u At large g N Compare to data
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The dipole model

)2

Fy(z, Q%)

42 Nem, (O-T N JL)

UT,L(;IT,QQ) = /dzdgr !kliLT(z, T, Q2)|2 o(x,r)

— O\

Photon wave function (in light cone) Non-perturbative effects

G(x,1) = oy (1 _ e(—rzceﬁ(m)))
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DDIS and the dipole model

. X;p=0.003 H1 preliminary
% o ZEUS LRG (Mhlld.ﬁ GeV)"0.87 |
o = H1LRG (M,<1.6 GeV) 1996-2007 preliminary
K& 102} ' Dipole model (C. Marquet)
+*
™
o -f'q (=0.027 (I=7)
o ¥ p=0.043 (1=6)
.e.cﬁ
10 ©'s
..
N — —
e 3=0.067 (I=5)
o g 0%
__,.é'-?-fi" £=0.107 (1=4)
o .8-co® w
1 g P B0167 (1=3)
o0
o'§ oof
,,.,..o-lpiﬂ'gl 3=0.267 (I=2)
o #Hew
1 £=0.433 (I=1)
10 | ,o.%g-a--a-b"o"a'c"p"p' ]
. $=0.667 (I=0)
oo B P Gy
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10 10
Q* (GeV?)

E. Sauvan — CPPM Marseille

lx
3"x,,0,0(3)

10

10

10
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LP 2009, M. Ruspa

do
oc e_b|t|

dt

Slope b smaller
as scale increases

As in optical diffraction,

size of diffractive cone
related to size of
interacting objects

b"'bvm"‘bp

<r2> = b(hc)?

— T T TTTT1
'f> o p ZEUS 96-00
3 I p ZEUS 94 ]
= 12 = p ZEUS LPS 94 R
o p ZEUS 95
A p H195-96
TPPPPTPTITRTE ¥ PPPPRRPTE ¢ ZEUS 98-00
¢ ZEUS 94
y + Jiy ZEUS 98-00
b 8| * Jhy ZEUS 96-97 |
VM = Jhy H1 96-00 ]
Lk |
......E..........,... . .*..*..?i........%................%. :
4 L I
bP
2 b » DVCS ZEUS LPS (31 pb™)
» DVCS H1 HERA |
v DVCS H1 HERA ll e
cenanaYornarnnngpa |

0

10 20 30 40 50
VM Q*+M?*(GeV?)

>r, ~0.6 fm, radius of gluon density in proton L/‘\;W’"Lﬂ(’ il & D=
rp ~ 0.8 fm, charge density in the proton
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Partonic luminosities

[C. Diaconu, E. Perez]

~ dL dL _ 1 pl dx,
Oc ™~ Tab—c gz EZ;,] .

10
E ' pp : Tevatron
~—10 ep: HERA
NE i ee:LEPII
© 10
S
% 10 %
10"
w0
10"
10"
-10
10 50 100 150 200 250 300
Mass (GeV)

E. Sauvan — CPPM Marseille Habilitation a diriger des recherches 30/10/09 - 64



fIA

E. Sauvan — CPPM Marseille

e* at the LHC and LHeC

107

[GeV ]

10*

=== LEP

— HERA: all channels
LHC: evy+eey

P . LHeC: ey \5=758 GeV)
R — LHeC: ey (5=1.4 TeV)
- —— LHeC: es{\s 19TeV)

500400 600800 1000 120014001600 1300
e* Mass [ GeV ]
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High-mass multi-lepton events

10

Event Number

"‘-'EEE" S
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i eee |
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B I - e
ee[e}%&i PT>10§0 GeV
ee E P ?*G& Ge—-
| ee[e}z P; >100 GeV

0 90
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Doubly-Charged Higgs boson

e I~
+ > >
e ————
O/L/ H:
.. s peeemmn
Y H* v H*™
p p (X) P p (X)
1 L T T 1 [ ! ! I 1 [T T
n_:i 8 : (b) v | Excluded by H1 n_:f % [ (c) n_:i '63 I (d)
< 8| coFh, = ] S 7 ]
i EchI_uEdPed by E; 6‘0\; |
3 0\069 A
= 61. N Excluded by  Excluded \) Excluded by
Excluded via Bhabha Scattering I LEP by . [ LEP
------------------------------------------ OPAL CDF, h&u
¥
10 | .
[ BR(H™— e%e%)=100% |
Excluded by OPAL 1 10 - | BR(H"= e'n")=100% | 10 -1 | BR(H™= e*t")=100% |
“:-I ] ] ] B H1 [ ] ] ] H1
80 100 120 140 160 30 100 120 140 80 100 120 140
My (GeV) M, (GeV) M (GeV)
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SM processes

- Need simulation of all ep processes
- Large MC statistic required (multi-particle classes)

e Neutral Current DIS ep — eX e QED Compton ep — ey.X
=
q q

e Lepton pair production ep — ellX

1 '-l'!”""'?\"'l}
ﬁ [TD LE] E ) 1
\" " zﬂ ;

2 QCD processes: O(«x) + PS QED processes: O(x2) + PS
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Search for deviations

\ Identify regions of largest deviations between data / SM

e Investigate 1D 2 Pt and My distributions

e Probability p of up or down fluctuations in each regions:

i 00 = g (A = normalisation
A db G(b; Ny, 6 Ny) Z B if Nops > Ny constant)
0 i=N, ;
o =Vobs
p___< o0 Nobs e_bbi
A/ dbG(b, Nb? 5Nb) e if Nops < IV
\ 0 =0
2 i ]
° . ° 3
* Most interresting region: % i»
. . s . data 102 e H1 Data (prelim.)
p minimum -> puin o e
3 [ Region of greatest deviation
10"
100

0 50 100 150 200 250 300

M, (GeV)
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Quantify the deviation

N Quantify the significance of each deviation found

N

e What is the probability (P) to observe somewhere else in the
histogram a region with p < p, ta ?

- Pull random histograms H,,, according to the SM expectation

data
min

number of H,,, with p/*" < p

P
number of H,,,

2 P, = significance of pp, ta
2 P4ia Can be used to compare results of different event class
> Prin = D o’ corresponds to ~ -logyy Py = 5-6

N Smallest T’Obm - most interresting channel
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Determine the global significance

N Multiple classes studied, limited statistic:
small P values can occur

N

e What is the expectation for P using this method and if we redo an
experiment ?

M., Scan (j-j)

- Replace data by many “HERA
MC experiments” with the
luminosity of the data

e H1 Data (prelim.)
—— MC Experiments

- Apply the same algorithm

')PNC —

Number &f Event Classes
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General Search: topological variables

H1 General Search at HERA (e“p, 463 pb™) H1 General Search at HERA (e“p, 463 pb™)
2] N N _
€ o H1 v-e - L D € 2001~ o NP ejj H1
(&) - Q _
> 50F [letoey > [ [Ivoewseqy
T W ol
40 [ + ______ (a) B (b)
30 * 100~ |
o L Ty : :
= s 50 — .
10 t ¢ B =
: I L'“:-I“ | 1 | 1 | I | | | | | | | | - [ 1 1 1 | 1 ] e S R T-I“I: | | | 1 | Iﬂ
-1 -0.5 0 0.5 1 0 0.2 0.4 0.6 0.8 1
*
cos 0 lead xlead

E. Sauvan — CPPM Marseille Habilitation a diriger des recherches 30/10/09 - 72



H1 General Search at HERA (e*p, 463 pb) H1 General Search at HERA (e*p, 463 pb)

@ I;— L ata & . ata
General Search: 5. " = Wemee| FUE T M iermens
o 10 o 10k
statistical E N S,
m 1F s = (@ @ 1¢ <+ (b)
g 107 g 5107
analysis o
= 10* 3 10°
L1 1 1 I L1 1 1 I 1 1 1 11 11 I 11 11 I 1.1 11 I 11 EI 11 I 1 11 I L1 1 1 I 1 1 11 I 11 1 I 1.1 11 I 11
0 0.5 1 15 2 2.5 3 0 0.5 1 1.5 2 25 -
-|Dlg1n P -|ﬂﬂ1n P

H1 General Search at HERA (ep, 178 pb™)

H1 General Search at HERA (ep, 178 pb™)

§ Ig‘ Mgy Scan * H1 Data g 2 P; Scan * H1Data
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o 10 o 10
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H1 General Search at HERA (e'p, 285 pb™) H1 General Search at HERA (e'p, 285 pb™)

102 M.y Scan * H1iData 10 L P Scan * HiData
E —— MC Experiments MC Experiments
10 10
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Sensitivity to new physics
A Test the sensitivity of the method to new physics

e Anomalous top production via FCNC

> A decay t = bW would appear mostly in
J-J-J, e-j-v and p-j-v

= Evolution of -logyg P as a function of Tiop

Sensitivity to Anomalous Top Production

<n.“° 42; H1 - £ P; Scan o N
_?'3:5_ :L-_Jj-_]v e In j-j-j: -logyy P ~2 for oy, = 0.5 pb
3 2 From H1 dedicated analysis in
25F 4 hadronic channel: oy, < 0.48 pb at
F 95% C.L.
051: e -logy P = 3 for oy, ~1.5pb

0 02 04 06 08 1 1.2
G\0p (PP)

N Sensitivity equivalent or slightly lower than dedicated searches
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General Search at the Tevatron

e Also performed by CDF and DO
> A common framework used by CDF and DO

- CDF: all topologies (399)
= DO: only topologies with 1 lepton (180)

e Adjust the SM simulation to data at low energies

= 0(40) k-factors used, determined in a dedicated algorithm

- Check data/SM discrepancies at high energies
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General Search at the Tevatron

e Check data/SM in rate and shape of distribution

DO Run Il Preliminary

1800 —

Vista Distrbutions
®o o N
e © o
e © ©o

[=2]
[=3
=]

~ DO
1400[—

[CDF, PRD 79(2009)011101]

Entries: 9335 C
3500

3000/

ions

2500

N
o
o
o

1500

Vista Distribut

1000

<«—— overflow

500

o Look for bumps in XP_ distributions

N
[=3
o

Mass Distributions
z

CDF

Entries: 19650

CD mis-modeling

<«—overflow

e CDF Run Il Data
I Other

Mass distributions: 5036
With bumps: 2316

00

\i\ P I
200

TR B R N
300

[ Pythia jy 1 0.1%
["1 Overlaid events : 0.2%
[ ] Pythiabj:4.7%
[ Pythia jj : 94.9%

L 1T e s egeied
400 500

N Most significant discrepancies found:

M(j1,j2,j3.j4) (GeV)

attributed to QCD and detector simulation deficits
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