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I Flagyzsr 2009/:10

Structure Functions & PDFs
ex-section at medium Q*& H1PDF2009
ex-section at low Q?
ePolarised CC x-section high Q*
ePolarised NC x-section high Q*
eCombined EW+QCD Fit

_ oFL at low, medium and high Q*

| ex-section HERA I & HERAPDF1.0

# eHERA combined x-section @ high Q? %

& <HERA combined F, *
= eHERA PDFs including F,
| eHERA PDFs including LER/MER *
Diffraction

eLongitudinal structure function F
eLeading neutron production in DIS: F,\N
oF,> with LRG

oF,® with protons in FPS

oF,® with protons in VFPS

eJet production in DIS protons in FPS
*Di-jet photo-production with LRG
eDi-jet production in DIS using VFPS
*DVCS and charge asymmetry
eDiffractive p and ¢ in DIS

ePhotons with large p; in diffraction
eForward photons in FNC

% See Jola's talk

Physics beyond the SM

eSingle top quark production

eExited quarks

eGeneric search for new phenomena

oL -violating Leptoquarks

*R-parity violating Squarks

eIsolated leptons and W production

eContact interactions

*HERA combined analysis of multileptons %
*HERA combined analysis of isolated leptons %

Hadronic Final State

eJet production and o, @ medium Q>
eJet production and o, @ high Q*
ePrompt photons in yp

eForward jet correlations @ medium Q*
eCharged particle production

eCharge Asymmetry @ high Q*
ePhoto-production of p° K*° and ¢ mesons
eStrangeness production @ medium Q?
eK° production @ high Q*

Heavy Flavour

eInelastic J/y in yp and DIS

eCharm fragmentation into D* in DIS
ePhoto-production of D* + di-jets
eD* and F,c @ high Q?*

D* @ medium Q?

oF,* and F,c with vertex detector
*HERA combined F°

eCharm and beauty jets in DIS
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Structure Functions

NC: ep > etX
27m —_
XQZm One

2
Toue _ 27 [y £ 2y 4E _yE
dxdQ XQ

with Y, =1+(1-y?)

F, = {F,, F/%.F, }: qu{eé’zeqvq’vq +aq}(q+CT) dominates in LO QCD
XF, = {xF/7 xF,* = 2x2 {e,aq,vqa, a—-T)  parity violating terms (Q?~m,?)

- q

F~a,xg(x,Q7) important at high y
CC: ep - vX

Toe _Ge | My [YW FY KW, — yW, |

dxdQ® 4ax| Q’ mW

W, =xX{@+c+d +5) sensitive to u, @ high x
W, =x(@+c{d)}+s) sensitive to d, @ high x
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Combined incl. ep x-section @9!7

Combination of all HERA I inclusive cross sections by minimising

correlated systematic errors

\ i i i |2
yP(m.by=3 (m S bj_ﬂ-) +2.b]
’ [ (5i,stat lul)Z + (5i,unc ml)2 j J

JHEP1001(2010)109 v\

H1and ZEUS

— 16 statistical errors uncorrelated systematic errors
ST
3 | x=0.002 +
R %{ e reer 12 different data sets
° @é’ o H1 1402 H1 and ZEUS measurements
e & — 741 data point c,(x,Q?)
i . g- L we0008 110 sources of systematic uncertainties

08 -

06 —

04 —

Significantly improved precision
- | | | | due to cross-calibration
° HHl | HHMlo | HHMloz | “““‘103 | HHMlo“ o 1—2% fOf‘ NC

02
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HERAPDF1.0

Functional form of PDF at starting scale Q,: xf(x)=Ax8(1-x)¢(1+Ex?)

Q,=1.9 GeV?, £=0.31, m_=1.4 GeV, m =4.75 GeV, a(M,)=.1176
Heavy quark treatment: GMVFNS RT2008

Sum rules = 10 free parameters (Ez0 only for u)

JHEP1<301(2010)109 H1and ZEUS . H1and ZEUS
B Q’°= 19GeV? B I Q% =10 GeV?
I | model
08 —— HERAPDF1.0 o8l —— HERAPDFL1.0 Parameterisation
| Bl oo uncert. | Bl oo uncert.
[ ] mode uncert. [ ] mode uncert.
[ parametrization uncert. Xty L \ [ parametrization uncert. XUy
06
04
0.2
10" 10° “1‘0'2 10 1
‘valence like' gluon Precise gluon @ small x
at starting scale u,, d, not too well constrained @ large x
(parameterisation uncertainties)
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HERAPDF1.0 D) &

JHEP1001(2010)109
H1and ZEUS H1and ZEUS
R 107? Iy
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X E oeee L T 0 00020, 1 = HERAPDF1.0 we
5 . :.;ﬁ: ety ?317 o | oo oo 99 5eg= x=002 (x3000)
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104 o X =0.0020, i=13 r o
E .MM“.MWWH X =0.0032, i=12 L oo g oS Beo——F _,  x=008 (x500)
L - W x =0.005, i=11 10 5
103 .W x = 0,008, i=10 £ e ,‘_304_5_9_2\_‘ x=013 (x200)
E W x=0.013,i=9 5 §
[ e x=002,i=8 L . 9 & _
E W x =0.05,i=6 1 =
10 OO 900000 eeessst e x=008i%5 F % Fi'ei&!ﬁﬂ—i——i_g%; o
E aen vveoveetose oo,  ,-(13i=4 L
1 i U:uf— o ” --- v x=018i=3 a0 %
: . TRy xcomie 10 - '19—41}?? *51 X=040 (x0.7)
10 MR S : 5
E W _ - o _2* i%!i§,7 X=065
1071 L 3 '1—# X = 0.65,i=0 10 =
10- 7\‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\\\H‘ L \\\HH‘ L Lol L L L \\\\‘ L L \\\\‘ L L \\\\‘
1 10 10° 10° 10* 10° 10° 10° 10* 10°
Q% GeVv? Q% GeVv?

Good description of HERA I data x?/NDF=637/656
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HERAPDF1.0 and Tevatron (L

Tevatron Jet Cross Sections

Tevatron Jet Cross Sections
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(only PDF uncertainties shown)

HERAPDF1.0 based on HERA I data provides a good description
of Tevatron high E; jet cross sections
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HERAPDF1.0 for the LHC D) £~

Cross section predictions

NLO tt cross sections at the LHC (s = 7 TeV)

NLO gg—H at the LHC (s = 7 TeV) for M, =120 GeV

:.g 190E T T T T T T E g 13: [ [ [ I '_}__»" T 1
e 12 b HERAPDF po :
1= - o e e 1 T 1251 3 e —
© - 10 B v L. N
170 = - __::—‘_ .-t — - .- .
- ] 12 -
160~ = B i
C 68% C.L. PDF ] = 68% C.L. PDE ]
150 =--"" & MSTW08 — 11.5 ® MSTWO08 -
- _ B CTEQ6.6 . - B CTEQGS ]
140 4 NNPDF2. B L A NNPDF2.0 -
n V¥V HERAPDF1.0 . 117_." Y HERAPDFLO -
130 C Vertic?al error bars 1 O  ABKMO09 = B ) ' ]
- gﬂzrr._};lljjiggly HERAPDF GJIROS B = ?/ertl(?allglr:ror Ibars O  ABKMO09 _
- : s 3 L nner.. only GJRO8 _
1%0 ) T T Ll L 10.5 _— Outer: PDF+o.g —_

114 0.116 0.118 0.12 0.122 0.124 : L L L Ll o
2 0.114 0.116 0.118 0.12 0.122 0.124
ocS(MZ) "
og(M?)

HERAPDF prediction of comparable precision
(HERAPDF includes more complete treatment of uncertainties)
Significant spread in cross section predictions
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CC at high Q* (HERA IT)

Cross section: Gf oC (1 +P )Wzi

H1 Preliminary
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Agrees with SM expectation
= No sign of right-handed CC

HERAPDF1.0 (HERA I) describes
CC data (HERA I+II) well
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CC at high Q* (HERA II) D)

JHEP1001(2010)109 Hlprelum -09-043 H1 Preliminary
HERA I H1 and ZEUS (. Q%= 300 c;ev2 ' QZ; 5(;(; Ge\;z T Q2;1000 G;VZ
15} Il 1 1
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0 Bl il Nl il Nl il ol ) \ w : —
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CC data (HERA I+ITI) will improve precision especially of u,
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H1prelim-09-042

NC at high Q* (HERA II)

H1 Preliminary

One
.

05

15F Q°=150Gev? [ Q%=200GeV? Q? =250 GeV? Q? =300 GeV?
\bbwk\\\\\\\\\\\ |
O L L L [ L L L L L L
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iF Fooo F F
05F L b 4 M\
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B \ N
», N 3
0 . . F . . F . . F . .
15F Q°=3000GeV? [ Q®°=5000GeV® [ Q*=8000GeV? |  Q%=12000 GeV?

T T
5
o)
T T

ey

e-l-

15F  Q®=20000GeV* [

Q? = 30000 GeV?

107

;

1

10? 10t

1

102 10t 1

X

. H1e'p NC (prel.), P =+32.5%

H1PDF 2009, P, = +32.5%

o H1e'p NC (prel.), P =-37.6%
H1PDF 2009, P, = -37.6%

NC data (HERA I+II) well
described by H1PDF2009 (HERA I)

X
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Asymmetry:
2 _O'i(PR)_O'i(PL)

A" =
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B e Aep
05 — H1PDF 2009 -
B 3
- ¢
O -
-05 - m Aep =
[ —— H1PDF 2009 . %
: I
-1 I Ll I TR R R R
10° 10*
Q’[Gev

Parity violation
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NC at high Q* (HERA II) (L)

JHEP1001(2010)109 Hlprelim-09-042
HERA I H1 and ZEUS (2010) HERA I+II P
. H1 Preliminary
N
104 03k e HERAINCe'p = HERAPDFL0 €'p ,/ ¢ HLNCe'p [ H1PDF 2009 e'p
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§ C
e : x=018 (x80) B o e W‘M x=0.18 (x8.0)
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8-8- 'Q.Qj—@!—h—i——L%\H x=025 (x2.4) = st e s—ﬁ—ﬁ—ﬁ—q"‘i/re). x=0.25 (x2.4)
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NC data (HERA I+II): improvements for d /u, @ large x
in HERAPDF expected
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EW+QCD Fit to NC+CC Data

Simultaneous EW+QCD fit to HERA I+IT data including data with
polarised electron beams = u and d quarks couplings to Z°

) .
Vq - |3 zeq S1n ‘9w aq = | 3 H1prelim-10-042
>3 [ T T I T T T T I T T T T I T T T T I T T T T I T T ] >'O [ T T ‘ T T T T T T T T ‘ T T T T ‘ T T T T ‘ T T
1 - H1 O HERA-1+2 (prel) . 1 - H1 O | HERA-1+2 (prel)
68% CL [ m | Published (94-00) . - 68% CL [ m ] Published (94-00)
05F ) 05} S -

* Standard Model -

* Standard Model

Ak LEP EWWG . 1 LEP EWWG -
i l-l.-i-lClDll: 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 ] i L L ‘ L L L L ‘ L L L L ‘ \-.\-.-\ C\q':\ L L L ‘ L
-1 -0.5 0] 0.5 1 -1 -0.5 0] 0.5 1
a, Aq

eImproved results on v, due to polarisation of HERA II data
eResolve ambiguity on LEP solutions for down quark coupling
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Charm Contribution F.,¢ to the Proton

Dominant production mechanism:
Boson-gluon-fusion

e (K e (k)

ol h
LY @ D (2)
. .

proton (P) > _

Charm structure function:

d’c, 27na
dQ’dx xQ*
tagging via
-D mesons,

-semileponic decays
-displaced tracks

1+ y)?)EE —y2FE] sosp

eLarge contribution to F,

naive limit: e */Ze *=4/11
eSensitive to gluon density
eMultiple scale problem (mg,p;.Q?)

eDifferent NLO schemes:

-FFNS: charm massive, 3 active flavours

-ZMVFNS: m_=0

-6MVFNS: m 20 @ px0, mc=0 @ p>>0
(RT, ACOT)

1s* measurement of F,c @ HERA (96)

e H1 D o H1D° O EMC

0.4

0.3F

0.2 ;\\‘ f
0.1 7 .
0.0 i\ vl vl e e vl vl v ol ol mi
107 107 107 107" 107 107 10 107" 10™* 107 107 107" 1
X X
4 1994 data 3pb-!
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HERA combined F.° ‘ a_

o B Q%=2GeV? B Q’=4GeV? B 0%=6.5GeV? % H1prelim-09-171
N ZEUS-prel-09-015
025 |— — — ? | 2
e
- -y - %I[ i S
' § ¢
0 | \\HH‘ | L 111l \HH‘ | | \\HH‘ \H‘ | | \\HH‘ | |
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o
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L - * o .
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= ) =
- i - " = .
i ? i i S 4 4 g 54 sources of systematic
0 [ \\\\\\‘_3 [ \ \\\\\\‘_3 [ \\HH\_Z\HH‘_S [ \\HH‘_Z g uncer"rqin‘l'ies Consider‘ed
10 10 10 10 10 s
05 |— Q=60 GeV? Q°=120GeV? | Q?*=200GeV? E
L é ?& L §
L - I
L & % E | J? <
i % B :
0 \H‘ | | \\HH‘ | | \\HH‘ | \%\\ | \\HH‘ | L 1Ll Illl =
10° 107 107 107 10t
® HERA (prel.)
- Q%*=400GeV? | Q?=1000 GeV? A H1D*HERA Il (prel.)
i N i 0 H1D*HERAI
ol . F e Gre) ”
- i m ZEUS 05 Precision of
i 1@ i % A ZEUSD; 05 .
[ 7 [ v ZEUSDIOB combined result:
0 Lol Ll Ll L1 ZEUS D* 96-97
107 10" 107 10t
5-10%
X
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HERAPDF1.0 with F,c &

Problems of including F,¢: different schemes of heavy quark treatment
choice of charm quark mass

1 H1 and ZEUS (prel.) H1 and ZEUS (prel.)
h‘:d' L _ t: 1
2 72 — » F =

. GMVFNS (RT) «@'-10Ge = - FFNS 0= 10 Gev? =
L o I

0.8 = F =

S "RAPDF1. 0.8 HERAPDFLO E
r — l]'-cllhlllu\lll)c[e)l[-tln il;'lt)' < L s, = total uncertainty o«
b, xe (<005 ", (charm), m =14 GeV. B(X 0.05)  wemrures HERAPDEL0, FFN
T e e oy B\ X002 HERAPDFL0%F, (charm), FFN
RT VFN STandard Y Ll Cel

0.6 DD 0.6 ~,

04 0.4

“,
‘h‘
0.2 0.2

HERA Inclusive Working Group

H1prelim-10-045 ZEUS-prel-10-00915

HERA Inclusive Working &

scheme RT Std RT Std ACOT | ACOT points FFNS FFNS points
m, 1.4 1.65 14 1.65 1.4 1.65

Y2 730.7 627.5 653.9 605.7 633 567.0 852.0 565
F.° %2 134.5 43.5 89.5 414 41 51.7 248.9 41

GMVFNS favours m_=1.65 GeV - FFNS favours m_=1.4 GeV
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HERAPDF1.0 with F,c () &

H1prelim-10-045 ZEUS-prel-10-00915

HiandZEUs  RT NNLO Hland ZEUS Qg

]
p
[y
f—t
~
(@)}

503 ] 0.3 r _
[ Q' =2 GeV? - QP =4GeV? C Q* =65 GeV? = e QF =2 GeV? - QO =4 Gev? s
o2 Enot included | o al o2 L not included [ F al
in PDF fit - F z in PDF fit g z
01 3 — - 0.1 — -
P r F o
0 TRTTT AR Covvonl v vl 10 1 T AR 0 sl il Tl vl Cod vl vl Y
r Q' =12GeV? r Q! =20 GeV? r C Q% =12 GeV? r Q=20 GeV? r QF =35 GeV?
04 - - 04 |- ; - -
02 - - - & 02 = — 5
L L L o C =
0 _I HIH‘ 1 IIIHIIl L1 _I \Hlll 1 IIIHHl L \IHIHl 1 [ IIHIIl L \HHHl \IIHHIl 1l _‘E 1] _IIII\Ill Il IIHIHl T _\\IIIH‘ Il \I\Illll 1 I\IHII‘ 1 _\III\Ill 1 IIIH\I‘ \IIHHIl 11 -‘E
r Q! =60 GeV? r Q' =120 GeV? r QF =200 GeV? = r Q= 60 GeV? r Q' =120 GeV? r Q=200 GeV? =
04 = n n 04 - - 3
02 L ; \ = 02 - \ r \ =
N N N = ¥ N i =
o Do cvond v 8 v vl vl ST d el ol 0 2 0 Do vl e M i cvad o v ) E
E O = 400 GeV? E Q7= 1000 GeV’? w* w? w? QF =400 GeV? E Q= 1000 GeV* w0t 10? w? X
N N X o X
0.2 — — ) 02 - — )
r r ® HERA (prel.) B F ® HERA (prel.) _
rC C o . LT
= E HERAPDFL.0 + F, (prel) - . HERAPDFLO + F, (prel.)
01— O — NLO - m=14GeV 01 — - — NNLO - m =14 GeV
C N = NLO - m_=1.65GeV r r =—— NNLO - m=1.65 GeV
0 Covnnd v vl vl v o Pl vl 4l 11 (Standard RT-VFNS) 0 Covonl v vl oD vl vl 11 (I?=U-11T6 —
104 ]".3 l".z ]"4 1".3 10'2 X 1“-4 ]".3 10 -2 1”4 10 3 m-z X (Standard RT-VFNS)

NNLO gives best description of data
also in the region excluded from fit
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Charm and Beauty Jets

H1prelim-10-073
Tagging of charm/beauty via lifetime - Inclusive k;-jets E{i¢*>6 GeV

H1 Charm Jet Cross section H1 Beauty Jet Cross section
S f ] >
8 L e H1 Data (Prel.) i 8 10? e H1 Data (Prel.) E
g 102F "% """ — RAPGAP = g e St T <55 NLO pa)\/ (Q+E2+M)/2]
~ T --- CASCADE E - i ‘ — NLO p2\ Q%*+4M? i
O - . . O t MSTWO8SFF3
o | | T b s E
© 10 — © C ]
© . . o i ]
E — E i SRS e 7
10tE E
1= E - .
" H1 Preliminary e 2 H1 Preliminary A |
10-1; lll 1 1 1 L1 1 lll 1 1 1 L1 IIE 10 E\ \\‘ I | \‘ | | \E
10 10? 10° 10 10° 10°
Q% /GeV? Q? /GeV?
Charm jet cross section Beauty jet cross section
well described by RAPGAP well described by NLO QCD
CASCADE too large @ low Q? only little scale dependence
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Jet Production at low Q? @

Inclusive k;-jets in Breit frame E*> 5 GeV EPJ C67(2010)1

Inclusive Jet, 2-Jet and 3-Jet Cross Sections

‘\,; 1035— * H1data %‘ 103; . * H1data as fr'Om flt Wlﬂ'\ NLOJET"""
S T . NLO ® hadr g F NLO ® hadr
é __ % 102;— * o, from Jet Cross Sections
& 10°F . o g e
P = @ S 10 ®) Os [ H1 * Hldata
2 o [ E -
© | o . © L L
® LLHL ‘Incl. Jets fHL . i B fitto jets
10 Q?[GeV?] 10 10 P [Gev] O 0.251 Theory®PDF
“; e Hl data %‘ 2: . e Hl data :
g e NLO ® hadr g 0§ . NLO ® hadr L
£ . = F . 0.20
& e s ;-\I— 10 L
g 1o o © 3 C) f
:T) i :qxll 1 |
§ [H1 2-jets £ FH1 . I
‘ , ‘ 0.15
10 Q*roev] Y epreevy . ‘ ‘ ‘ o
%‘ ¢ Hldata %‘ L o * Hildata 5 6 7 8 H [C?e\/] 10
O 10p ¢ NLO ® hadr Q 1op ¢ NLO ® hadr T
E g :
g | ’ © | & ¥ 0 ) )
i , . ER: Dominant uncertainty from
s f[H1 3-jets 1 § L H1 * li . l :
‘ 107 ‘ renormalisation scale uncertainty
10 10° 10 50
Q%[ GeV?] (Py[GeV]
- +0.0093
a(Mz)=0.1160 + 0.0014(exp.) *2-073 (th.) + 0.0016(PDF)
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o, from Jets in DIS @

o, from Jet Cross Sections in DIS 2] N
OCS -
i "  H1 datafor5< Q?< 100 GeV?
0.95 B ® H1 data for Q? > 150 GeV?
' - Fit from Q? > 150 GeV? [arXiv:0904.3870]
L o, = 0.1168+ 0.0007 (exp.) 199946 (th.) + 0.0016 (PDF)
- Central value and exp. unc.
N Theory®PDF unc.
0.20
remarkable
agreement
0.15
despite scale
uncertainties
0.10 Il Il Il Il ‘ Il Il Il Il Il Il Il Il ‘
10 10?
H | GeV
Low Q*: a (M;)=0.1160 + 0.0014(exp.) *3-0993 (th.) + 0.0016(PDF)
High Q*: 0 (M;)=0.1168 + 0.0007(exp.) "3-90% (th.) + 0.0016(PDF)
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Forward Jet Correlations ()

k,-jets in Breit frame - analysis in lab frame
Er> 6 GeV, 7°<0,,< 20°, x,,>0.035

Test of QCD dynamics @ low x: large x  Forward jet azimuthal correlations small x
/

1
\ e H1 preliminary [ -
CDM | I
CASCADE - : B
C N RAPGAP . - Tl
B E scale un. ' i :—---- -

*DGLAP: strong ky ordering
*BFKL: only weakly ordered in kt
= more high pr fwd jets
oCCFM: random walk in ky
—even more high pr fwd jets

do/dAo (nbirad)

Expected de-correlation effects
from O(a")

T T

0.75 |

0 1 2 3 1 2 1 2 3

3
Hiprelim-10-131 e jet Ao(rad)

eCross section described best by BFKL-type model (CDM)
*A¢ shape: initial differences washed out by parton showers
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Diffraction

At HERA: 10% diffraction @ low x in DIS
Additional kinematic variables:

-x;» momentum fraction of the proton carried
by the colourless exchange

-B momentum fraction of the colourless exchange
carried by the struck quark

-t momentum transfer at the proton vertex
Experimental methods:

-Large rapidity gap selection (LRG)

-Leading proton (neutron) measurement
Structure of colourless exchange?
Validity of factorisation ansatz?

@ FPS

OV B1V BOH
<. 6411 . .
Se - — _ipmlﬂn ; Large Rapidity .‘
f 1 . Gap e i
S O Sy

FNC
220 m ¥

-

S6 S5 54 S3 S2 51
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F,P3) with LRG

Large Rapidity
Gap

p

Full HERA statistics

Reduced cross sections as a
function of Q2, B and x,,

eSignificantly improved statistics
eGood agreement with HERA I
e6ood agreement with DPDF fit

D

H1prelim-10-011

& 40 X;x=0.01 H1 preliminary
% 0 H1LRG (M<1.6 GeV)
bL 4 H1LRG (M<1.6 GeV) 1999-2007 preliminary
o -- H1 DPDF Fit B (extrapolated)
><— — H1DPDF Fit B
£ 35 | - Dipole model (C. Marquet)
(V.
30 .
~ B=0.05 (f=875)
25 |
20
15
$=0.08 (f=389)
10 |
> B=0.13 (f=130) |
2
10 10
- 2 2
x=0.01 Q° (GeV?)
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©
[EY

o©
o
a

©
[

-2
X,,0,0(4) (GeV™)

O

® H1FPS
o H1FPS

F,b® with protons

i

=0.2 GeV;
=0.4 GeV

3

A H1FPS (|t|=0.6 GeV?)

H1 Preliminary

Regge fit IP+IR

Hlprellm 10-012

t-dependence measured
Regge fit to data:

H1 Preliminary

— . . v
=) ® Regge Fit with 0,,(t=0,Q°)
o 12F
3 0,5(0) exp. uncert.
1.175F
1151
1125
11 I
{ [
1.075F
1.05F
10250, ) . — ]
2
10 10
Q° (GeV?)
H1 Preliminary
<« 7.5
S ® Regge Fit with B,,(Q%)
o 7F
9 B, exp. uncert.
Q651
[an]
6| E }
55 1
5 I
45
4 I !
10 102
Q* (GeV?)

o, o' and B, consistent
with being independent of Q?*

?;,:_8 881285 ?.P 0.0085] %=0.016 [ %+=0.025 [ x=0.035 ;,.x.P=o.05 ?9?0.075
: : : : |
4‘; ‘0 0056‘ 7 ‘ : 3 3 \j‘ ! \7‘ !
S T T e
! b ey \ﬁ | &2 \}iﬁ ‘ \jﬁg‘
A LA
PR T T e g
| R ‘ \ﬁ \M }gﬁ_‘o \}% 1= ‘
[ £=0.056 |- 3 3 3 3 3 /}H
i i i [ [ [ i
et et |t [ e
- 5=0.18 | i B B B B
et o RO e S| S T
mmﬁﬁ?é?—ﬁ@é egfl | ee} ?—‘9‘, o
- 5-056 | - - - - -
jv"'_.—! 2 L’“’\i* .), sl i, o
J_‘T"_‘" 1= \@\* \ %Q\:i A ‘ \:i \ = L
10 10 10 10° 10 10* 10 10 10 10* 10 10* 10 107
Q” (GeV?)

=Supports proton vertex
factorisation
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F,P3) Summary

H1 VFPS Preliminary

H1 LRG Published x 0.81

2)

0.06

0.02

leUF(S}

0.06["

0.02

0.06

0.02f

0.08

0.02

0.06[
0.04

0.02

0.06
0.04

0.0z

0.06[

0.04

0.02f

H 1 p R ELl M | N ARY O H1FPS Preliminary H1 2006 DPDF Fit B x 0.81
o H1 LRG Preliminary x0.81 ~  ----- H1 2006 DPDF Fit B x 0.81 (extrapol.)
H1lprelim-10-012 boe. B=0.017 p=0027|  p=0.043 $=0.067, p=0.110|  p=0.170 p=0.270|  pB=0.430 a;ﬁg_:o.a?u
0.04 \rw—ﬂ 0003 d%_
0.02t ) &
0.061%,=0.0010)
0.04f SRR
0.02- . fee] QQSD ac;ir.ﬁ M d,ﬂ“n
0.06{%=0-0030
0.04f %
oty |, B B |ooP | | |omsR | |
L p=0.002 p=0.004 p=0.007 £=0.011 p=0.022 £=0.045 £=0.089 p=0.178 p=0.355 p=0.708
L x,=0.010 o _
i b o® o™ Nl e paoeEdf e | L ocmen®D ~0asd® | - - —EdEem
x,,=0.013
| —_— - T s T s | . sewe -
| x=0.017
™ — o —
_m-= " ’DEP g ar® __ e __paesEa | __ssee - ——3
L x,=0.022
i %S Py o @FTE —adil i — T - a8 | __eeed¥ | - - — &g
p=0.002 p=0.006 p=0.018 p=0.056 p=0.178 p=0.562
%,,=0.035 i P _Ef-Ef—""'BJ
B B _ o — ___________B._-n—ﬂ e e———— =
i X,7=0.050 o [
- o pA— o-B— ME-—-D»
o - _ oA y e
] X,p=0.075 /[E/-L
- o.— o o B oo %
- ___m—’ __‘In. e -—-————'—'___E__&
10 10° 10 10 10 10° 10 10° 10 10

02
" a?rgevy

eExcellent coverage of kinematic plane
eResults agree well in regions of overlap
eDPDF Predictions from LRG agree nicely with FPS and VFPS data
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F.° in extended Q* range

) H1 Preliminary F’
o ocF) - Y Foo E : o :
1+(1-y) O’ 003F Q°=4Gev’  Q°=135GeV
o~ X,» = 0.003 X;» = 0.003
o 0.02[
. 2 = "
Extension to low Q=—==—_+". .1?.
(based on low E, HERA II '-'-D_ R R
data and published HERA I < - 4
data with E =820 GeV) 0:
0.01F T
E H1 2006 DPDF Fit A H1 2006 DPDF Fit B
-0.02 N —Xp R — X P
L Lol L L1
10” 10" 1

Hlprelim-10-017

Clearly non-zero F°
NLO predictions based on DPDF (extrapolated) agree with data well
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Jet 121X(PX)
Z: /fp ,,,,,,,
p(P) Y ®)
() &)
tot
O
—daa _(0.58+0.21
tot
OnLo

data / theory

data / theory

-

02 04 06 08 1
jet
ijes

— — — — — —]

data / theory

10 12 14
Er [GeV]

6 8

H1 data / theory
e NLO H1 2006 Fit B x (1+8n)
[ ] data correlated uncertainty

NLO H1 2007 Fit Jets X (1+n)
NLO ZEUS SJx 1.23 X (1+8mar)

DESY-10-043

eDiffractive Di-jet photo-production suppressed w.r.t. NLO
eProposed modifications to NLO fails in differential cross sections
eHint of a rise in c4,,/0\ o With increasing E et
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Di-Jets with FPS in DIS

H1prelim-10-013

—~~ - B

B O B
% H1 Preliminary Qo - H1 Preliminary
O .o ~ 800
= 10 o B
@) 4% N - <-H1 FPS Data (Prel.)
o B Q - RapGap / 1.23
:/ i 4‘—‘ 8 600 ENLO DPDF Fit B/ 1.23
CE : I
S i 400
-8 10

” —4 H1FPS Data (Prel.) _— -

- RapGap / 1.23 2001 71 —1—‘

e Nig SEDF FitB/1.23 f i

i \ \ \ ‘ | \ t

2 2
x Ty s | b i — ) .
6 8 10 12 0 0.5 1
*
pTl (GeV) ZIP

NLO reproduces diffractive di-jet data well in DIS
Vertex factorisation only in the presence of a hard scale ?

Karin Daum HERA Symposium July, 13th 2010 28



Lepton Flavour Violation

>440 GeV (3" generation LQ)

. . . Hlprelim-10-061
Interaction of lepton flavour violating
leptoquarks: e .t
LQ o Search for Leptoquarks at HERA (410 pb™)
[} — T T
< | P —5
e _)L — T 1§ H1 Preliminary F=2 E
4oLQou(t)q q q s euloang ov —
< : oa‘gb' TSRS
H1 Candidate Event in the Search for Third Generation Leptoquarks 10-1 3 ?/*o\\)ée ~':f."‘/ —
- B {o‘
eq—->LQ->1q |
‘ 2 . 10-2 ? “\"“—‘ :,/“ S V1/2,L (e u) |
L2 S e Vi, (€
: T 10° ;znd gen. LQ - Vier(Eued -
g 100 200 300 400
E MLQ [GeV]
o Search for Leptoquarks at HERA (410 pb™Y)
) ' ' ' ' I ' ' ' ' I ' ' ' '
< 1F H1 Preliminary F=0
”U f_eiq—>_I_Qﬁ‘cq N e __-i.‘-;-é
LN < R ,{}f\l",/"/ ’’’’’
ke o R
_ s Mv& . 107 o Py 3
'- z 1 = - ,"‘::‘f,/}/
I T e Vg (€7, )
10-2 ?_-":———:__'_—‘;“// T Vor (e*d) 3
Mass limits (A=0.3) ranges up to i:ié}}: ;n Q V(( O]
o —_- e'u, e* vu
>530 GeV (2" generation LQ) 107 EL i
100 200 300 400

M, o [GeV]
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R-Parity violation SUSY

eComplete HEAR I+II data
eLimit on all 3 generations in
unconstrained MSSM and mSUGRA

MSUGRA A" ;=0.3, tan=6, u<0, A =0

%‘ : H1 Preliminary / excluded for j=1,2
Yy 255 luded for j=3
9. = e+p p/ [] excluded for j=
8140 [T oo, at 95% CL
c RGN
3 120_— 2%,
_ ey
100

80
60

\ DO limit (j=1,2)
\

‘ g

50 100 150 200 250 300 350

Mo=My/2 m, [GeV]
mMSUGRA M=m,=m,,, u<0, A =0
180 H1 Preliminary
> F H1prelim-10-063
O, 160~
= C
140 — 03
C RS
120" 4.5 (' ,,=0.3 k=1,2)
100~ ¢ (A ,,=03,j-12)
80—

40 45 50
tan B

- Q.eV
- ~—

Search for Squarks in R, SUSY at HERA (e'p 255 pb™)

H1 Preliminary  [uiconsuanedwssw | 59//

T
©

%

°

Yot s tanB=6
1072 O -300 < <300 GeV
70 < M, < 350 GeV

e
_______________ Mg epton= 90 GeV

H1prelim-10-063

M_gp > 30 GeV imposed

10100 120 140 160 180 200 220 240 260 280
Squark [GEV]

Squarks up to m=290 GeV

excluded

D
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SUmmary. @j

o3 years after HERA shutdown H1 analyses/publications
continue at full speed
Since last HERA symposium: 14 publications, >20 preliminaries

eData and detector - understood to very high precision
Many uncertainties understood to the per miille level

eActivities in the HERA combination working groups is of
utmost importance to reach the ultimate precision

mm) HERA was a QCD precision machine - as LEP was
for electroweak physics

We are building the H1 and HERA legacy

now and in the coming years
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CC at high Q* (HERA II) D)

H1 Preliminary H1 Preliminary
T T T T T T T T T T
]@oo <3evz Q? =500 GeV? Q? = 1000 GeV? [y [ Q?=300GeV? T  Q%=500GeV? Q? = 1000 GeV?
% 05k : 1 ™ [o) . @
¢ ; t t ¢ hd
=2000 GeV? Q? = 2000 GeV? Q? = 3000 GeV? Q?=5000 GeV?
08 1 r
1 ] ¢
os} RH . .
J
= 0.4r 1 r 1=
05} R H T 18 LH L3 <
4 02f . [ 14
¢ t ¢ t . .
= 8000 Gev2 Q? = 15000 GeV? Q% = 8000 GeV? Q% = 15000 GeV? .
1t —e— Hle p—vX —®— Hle p—vX
= H1PDF 2009 02} £ H1PDF 2009
P, = -26.0% P, =-37.6%
0.5f —o— Hle p—vX —o— Hle'p—vX
_ &= H1PDF 2009 0.1r = H1PDF 2009
e P P, = 36.9% Pe =32.5%
1 () il il
102 10" 10?2 10"
X X
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CC+NC at high Q° (HERA TH)AD)

HERA

(_\’I_| T T TTT T T T T TTT ‘ T T IE
> + .
[} Y¢ H1e'p NC (prel) N
L\D 10 g H1 ep NC (prel.) E
2 F O ZEUS e'p NC 06-07 (prel.) ]
o F o ZEUS ep NC 05-06 =
%’ = SM e'p NC (HERAPDF 1.0)
% 10 —— SM ep NC (HERAPDF 1.0) _|
£ | - ]
B -
103 E H1 e'p CC (prel.) E
= A HlepCC(prel) =
= ZEUS e'p CC 06-07 (prel.) -
e ZEUSep CC 04-06 3
10° I;_ SM e’p CC (HERAPDF 1.0) o
g SM e’p CC (HERAPDF 1.0) 3
y<0.9 T =
E P.=0 7
10-7 | | | | I | | | | | L1 111 | | | 4:

10° 10*
Q* [GeV]
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0.2

HERA combined F.,¢

B Q’=2GeV? |

Q%= 6.5GeV?

| Q’=12GeV?

| Q%=20GeV? |_

Q?=35GeV?

L . Q*=60GeV’ |

Q%=120GeV?_

Q%=200GeV?

| Q°=400GeV?

L Q?=1000GeV?

-4 -3 2
10 10 10

-4 -3 -2
10 10 10

X

® HERA (prel.)

MSTWO08 NNLO
MSTWO08 NLO
CTEQ 6.6

GJRO8

ABKM BMSN
ABKM FFNS NLO
ABKM FFNS NNLO

October 2009

HERA Heavy Flavour Working Group

Precision of HERA F,¢
similar to differences in
calculations

= potential to discriminate

Karin Daum
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D

Prompt Photon plus Jet Cross Sections

Prompt photons in yp

direct yp resolved yp

§ L H1 x;°>0.8 %' - xt°>0.8 H1

2 2 Q |

S [ e HiDaa 7 =a10p direct

R % Il 7

g 1 : 8

: % -
Sensitive to Sensitive to 1 N
proton PDF (q) proton & photon PDF s | S == ==
At LI B —"

o . il [y MR |
Predictions in A¢ [deg] p [Gev]
-colinear factorisation (FGH) T [ g1 xo<os i’ S [ wo<os  m1

. . S [ o
-kt factorisation approach (LZ) 5 | ] % resolved
3 | / g )
5 I Vo s /////%
Cosr © 7 4
VA 70007 I
r ///// ////////
[ d [ d ° - I I
eLarge deviations from 180 L e | ey
. ° . /////////////////////// // 0.5 R
in y-Je'I' correlations observed 055145 160 180 0 2 4 6 8
. . A¢ [deg] p,[GeV]
eModels fail to describe data '
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F,°® with protons in VFPS (L)

VFPS: good acceptance for |t|<0.25 GeV? and 0.009<x1,,<0.0é6

precise reconstruction of B and x, Hiprelim-10-014

H1 VFPS Preliminary H1 LRG Published x 0.81
Hl PREL”\/”NARY o H1FPSPreliminary H1 2006 DPDF Fit B x 0.81
o H1 LRG Preliminary x0.81 ~  ------- H1 2006 DPDF Fit B x 0.81 (extrapol.)
D 0.04F X‘Ezg:gié p=0.022 p=0.045 $=0.089 B=0.1:F8 p=0.355 $=0.708
(el [ o Ly
L . Q W } l;)_/\g—¢"’¢
Q oo} @ a‘# @ s 0 s*”ﬁ( .- B )
& [ & o % o - -
0.04F X;p=0.013
_—
- A —
0.02F o A P o P e |
[/ ’ g - _- - P
0.04F Xp=0.017 4,
[ i —
[ ,/ E/\ &/(\ o A . 'y & rywe .
0.021 A /g/ o ’// ’u/r. P '-—EI-_;
0.04f X,p=0.022 N
gy WO ) ¥ vl 4. i
0.02_—/ ,,_,/ o "_,‘ ‘_;—J /’/" _‘—'—-—u;._ﬁ.
| | | | | | :. | | rannl | | |
10 102 10 107 10 10? 10 107 10 107 10 107 10 102

VFPS data agree well with LRG and FPS measurements
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|: LN(3) wn'rh neufr'ons in FNC @9

(Q, , L)/FZ(Q X) DESY-09-185

e (k)
y x =037 x =046 x =055 x =064 x =073 x =082 x =091
T 01f - - - - - C « H1Data
3 C 't-fi- F C r r o I — Average
X(px) 9.9<10% | s ¥ tE—Fiy tf LEE .1 " r .
TS : : e e
t o o u u o u i B
Nn(pn) n 0 Bl v Fd v vvnnd Bl v vl Bvd v vd Brd v vl Frd v Pl vl
: 01f - - - - - -
p-fragmentation m-exchange N IRT: : : - : -
4.6x10 =¥+ T .88 [ C C C o
0.05 [J=ms Aoy peee L teyss ki E
05 C AR X 1A T ¥ ooy
r o o o r o [ e ? W —
/ 0 Bl v vl Fod v vl Fowl v vl Fod v v vvd Frwd v vl Frod v vl Pl vl
o 1o ME s:id | - - 2 - 2
Lo - -3 E o ¥ - - o o C r
b e T e B S e L SOUTP S SO S &
H1 0 :|||||| ol :|||||| Lol :|||||| Lol :|||||| Lol :|||||| ol :|||||| TEEEETTT A wTTT B ||'|||||
0.1k - - - = - =
..... 3 e3¢ f r r o C C
LOA0T T et Faans Feetiy—— ., -
r o o o r L T e L
............... O :IIIIII 1 IIIIIIII :IIIIII 1 IIIIIIII:IIIIII 1 IIIIIIII:IIIIII 1 IIIIIIII:IIIIII 1 IIIIIIII:IIIIII 1 IIIIIIII IIIIII 1 I.IIIIIII
---------- o1f a2 o o o a2 -
L | I A - - - - - - -
48x10°% Eybgy—t 4 r s c c
04 05 03 XLl oosET TE Bt e Fete—Faoan .. F
r o o o r r P}
0 Bl v v vl Fod v vl Fowl v v vl Fod v vvnd Fwd v vl Frod v v vl il |v| vl
01f - - - - - -
. 4 L L L L L L L
Data allows the estimate of 220" by L, E E E s s
. — — e *-e * o —
the pion structure function : : g g - g ..
. . 0 Gl v v vl Bvd v vl Bl v v vl Bvd v vvnd B v v vl Brvd v vl Bl v vvl
up to uncertainties of 10 10% 10 10° 10 10° 10 10”10 10° 10 10”10 10°
2 2
H A%
n-flux and absoption Q [GeV]

F,LNG)/F, independent of x,Q?
Consistent with ‘limiting fragmentation'’
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Charge Asymmetry @ high Q°*

Expectation in ep scattering:

more positive particles
in current jet due to
charge & abundance of u-quark

Significant asymmetry of positive
to negative charged particles

@ large x, (current region)

eNo asymmetry @ small xp
(fragmentation region)

eData well described by models

PL B681(2009

)g

)125

Breit frame (current hemisphere)

D(xp)

A(xp)

A(xp)

10 o

10

0.2

,,,,

®H1 Data

A H1 Data pos
VY H1 Data neg

— CDM

100 < Q? < 8,000 GeV?

® H] Data

-e-ps

— CDM

“““ HERWIG
GAL

(b)

o M=t =

— CDM hadron
----- CDM quark

X

Karin Daum

HERA Symposium July, 13th 2010

38



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38

