Summary of (non-spin) physics at DIS 2005

Matthew Wing (DESY/UCL)

e Structure functions
e Diffraction
e Jets and heavy quarks

e Electroweak and exotics

DESY seminar HH/Berlin, 10/11 May 2005



Structure functions



Structure of the proton

Deepen our understanding of the structure of the proton (and hadrons in gen-
eral). parton composition, scheme to describe distributio ns, confinement
Essential for predictions of measured observables at other hadron colliders, e.qg.

LHC, with full uncertainties

Review improvements on their determination:

NNLO, inclusion of new data, understanding data, heavy quar ks
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NLO QCD fits D. Stump, R. Thorne, J. Rojo
Difference of opinion on need for NNLO; MRST think essential , CTEQ less so
However general move to NNLO PDFs. MRST calculated FQCE and FSB at NNLO

Also new approach using neural networks
e NnO bias from assumed functional form
e should give a better estimation of PDF uncertainties

e structure functions determined; determination of PDFs und erway



Heavy Quark PDFs
F. Olness (CTEQ)

How does it do for the F_f data???
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Ratiy 1o CTEQS

40 CTEQ6M PDF sets

s-quark

Strange PDF
F. Olness (CTEQ)

What is true uncertainty on s-quark PDF???

Closer to the true error
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Warning: The Director General has
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Future PDFs cC. Gwenlan

Impact of future HERA data on ZEUS PDFs

(C. Gwenlan-Barr)
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Averaging of H1 and ZEUS F, data s. Glazov

Reduction of the systematic errors

H1 and Zeus use different kinematice reconstruction methods —
different shape vs z, Q2.

B 5
4 k]
3 3

=2 | E scale =2 |=— Ewslf === had 3

jal] Be=—a === had flow
— H scala — E=xtra Morrm. --- ¥R bg
- H noise | E scola === had flow b
— wp bg — hod 1
Ficaed 2
el o e et 1 — L b s g |
—d4 —-35 —3 —2.5 -2 —& 3.5 —3 —-2.5 -2
Igg 10 e

Sensitivity to syst. errors for Q% = 6.5 GeV?



Averaging of H1 and ZEUS F, data s. Glazov

Average of all published HERA NC/CC data

16 individual data sets of NC/CC data published by H1 and
Zeus collaborations. Examples for some Q2 bins:
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Deep inelastic scattering at high

ZEUS

x Y. Ning (ZEUS)
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Deep inelastic scattering at high = M. Tzanov (NuTeV)

‘ F, Measurement I
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Heavy flavour tagging T. Klimkovich (H1)

Significance (S;) at Low Q* I
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Beauty contribution to the proton structure function
T. Klimkovich (H1)
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Beauty contribution to the proton structure function
T. Klimkovich (H1)
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Exclusive VM to constrain the gluon density

T. Teubner, C. Kiesling (H1)

IV. Data vs TH: constraining f(z, A‘ZT) via diffr. VM production

Preliminary H1 and ZEUS data compared to MRT predictions:
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Diffraction



Diffractive scattering

Diffractive processes contribute  ~ 10% to the total DIS cross section.

Colour singlet exchange process

Events have clear experimental signature

€
- large rapidity gap, tagged proton, low /2
hadronic mass e V}/}Q
Fractional energy loss of the proton B
T, = q-(lz}py) M,
Fraction of P momentum carried by struck X p
quark P p

)

B=a/zp \ t ./
Momentum transfer at P vertex
t = (P —py)?

QCD factorisation has been proven (Collins) for these class of events =- can
measure “diffractive parton distributions”.



Inclusive diffractive structure function P. Laycock, H. Lim

HERA Diffractive Structure Function
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Diffractive parton distributions  P. Laycock

NLO fit to ZEUS Mx data

NLO QCD fits to H1 and ZEUS data Observations:

- e Q? e Singlet similar at low Q"E,
2t [GeV| evolving differenly to higher (2
6.5 e Gluon factor ~ 2

smaller than H1 gluon
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Reminder that data comparisons
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15
e at low M x (high 3)
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a0 : 2
e inthe Q° dependences

Different Q° evolution means
different gluon

BN NLO fit to ZEUS Mx (exp. error)
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----- (exp. error)

(exp.+theor. error) extracted pdfs

— Observed differences in the
data explain the differences in the
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Diffractive parton distributions  A. Levy

ZEUS M, H1
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Jet and charm production in diffractive DIS processes
M. Beckingham, M. Mozer (H1)
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Jet production in diffractive processes A. Martin
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Jet production in diffractive photoproduction processes
M. Mozer (H1), R. Renner (ZEUS)
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Diffractive summary

Much recent interest with the possibility of studying diffr active processes at the
LHC.
Requires well-understood data and extracted parton densit les with full uncer-

tainties a la inclusive DIS.
Do data agree? Measure in the same kinematic region, compare methods.

Factorisation holds in DIS, both for charm and jet productio n, but does not hold
for jet photoproduction (both direct and resolved).

Validity of factorisation tests (and statements thereof) w hen comparing extracted
PDFs+NLO to final state observables?



Jets, heavy flavour and QCD



Jet production
Constraints on the parton densities in the proton (and photo
Extraction of the strong coupling constant
Understanding QCD calculations, underlying event, etc.
Sensitivity to differences in BFKL and DGLAP schemes
Search for new physics

Study heavy quarks with less dependency on hadronisation



Photon PDF - A. Levy
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Strong coupling constant
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Forward jet production at HERA
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Inclusive jet cross section at the Tevatron
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Charm jet cross section at HERA - T. Kohno (ZEUS)
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Perfect distributions to test MC@NLO implementation for HE RA



Heavy flavour tagging

L. Finke (H1)

Lifetime Observables ||

‘ Alternative lifetime tag

Jet Probability™*:

] &
> Use all selected tracks within the g " l"' * H1 Data (prel.)
two leading jets. 5 10° L 2
B uDS
> Construct a probability Parp E %, Fit
(from the significances) that the i ""-.-“
jets are compatible with the prima- ' ""'.“',.,_ .
= L
ry vertex. W a 20 ¢
4 ORI SR
1) | i
> Low (i.e. large negative logarithm) by — - e T —
probabilities indicate secondary ~log (Py)
vertex.
> Fit fractions of beauty, charm and Resulting cross sections are found
light quarks. to agree with the results obtained
with S, and Ss.
(*follows ALEPH paper Phys. Lett. B 313 (1993) 535)
H Lars Finke, Hamburg University DIS ‘005 29./04 /005 4 4r F T



Heavy quark jet cross section at HERA - L. Finke (H1)

Beauty & Charm in Photoproduction

ﬂl-fT,.-""'f""rf"';-r'!"l( ep— > ecc(bb) X — > ejjX)

f

H199/00 ™ data: Q- ~ 0, (1L15 < ¢y < (0.8 || JI'J':'rf > 11(B) GeV., —0.88 < /" < 1.8

= BEAUTY CHARM
- e H1 Data (prel) = ® M1 Data (prel.
g 1t A, (EpesinX-nafir) Pythia 3 didp,  (ep->ecEX-=allX) -~ Pythia (pret
= Pythia res. i Pythia res.
[ Cascade Cascade
ﬁ.' m.. % f*_' NLO QCD & had —— NLOQCD & had
3 | o 0 <1 GeV, 016 cy < 0.8 : d
| i [ Y T ﬂ__"..lhlll yL15 ey« 08
S R T ey | Sosncnmcrs
1| : ; |
L 20 % %0 s e % 25 T —
P [GeV] i [GeV]
[> LO + PS QCD Meodels: > LO + PS QCD Models:
Good description of shape. Good description of shape and norm.
= NLO QCD (FMNR): = NLO QCD (FMNR):
Slightly higher (at low p;). Fits within uncertainties.

H Lars Finke, Hamburg University DIS ‘005 28/04 /005 4 4r F i
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Fraction -tagged jets
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0.4
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Beauty jet cross section at the Tevatron

Mid

=0.75 —e— Data (total error)

merge

Point jets R¢y,e=0.7, f

fets with [¥]<0.7 —— Data (syst error only)

Pythia Tune A mass templates

50 100 150 200 250 300 350 400
P; jet [GeV/c]

Description by PYTHIA is good.

Comparison with MC@NLO to come soon.

d’o/dYdP ; [nb/(GeVi/c)]

Data/Pythia Tune A(CTEQ5L)

10

-3
10

-5
10
10

7
10 Il 1 1 1

e’ —@— Data
(L] —o6— Pythia Tune A (CTEQ5L)

|:| Systematics

CDF Preliminary
\s = 1.96 TeV, L~300 pb"

B ==

MidPoint jets Reone=0.7, fierge=0.75
|Y|<0.7
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
50 100 150 200 250 300 350
P; jet [GeVic]
- e Data/Pythia Tune A (CTEQ5L)
—  [_] systematics
- + ————
- ++§*i * o + +
: Q
I_ 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
50 100 150 200 250 300 350

P; jet [GeVic]



Improved Monte Carlo programmes - S. Frixione, P. Skands

Matrix Element Corrections

- _III|III|III|III|III|III|III|III|III|III|I_
q>, : i

D 112
. . . o 10 = —p =
Calculate more real emission diagrams o w -
. - B — W + Ojet ]
before starting the shower. o  Watjet ]
Wi -
. - B + Joje -
Problem: Double counting due to the - Wadiet
shower generating the same diagrams I = DOData |
and the diagrams are divergent. 1F E
Solution: Use an arbitrary parameter, ]
-1 | |
dsep, to cut off the divergences. 107 -
Effect needs to be studied for each ob- 102l |
servable considered. T - ' i -
C1o | 11 L1 |1 | ] [ [ [ | | =il =

0 20 40 60 80 100 120 140 160 180 200
SHERPA — P w/ GeV



Improved Monte Carlo programmes - S. Frixione, P. Skands

101 ’L—"'"L.\ T T | T T T T | T T T T | T T T

[,
o
o

NLO with parton showers

1o-1 :_Curves: FONLL

Advantages: Reliable cross section

e E o(pg(J/4)>1.25 GeV) BR:
prediction and no  dsep parameter. o079 )

do/dpy(J/¥) BR(I/Y-uu) (nb/GeV)

- 18.37%3 nb (FONLL)
Disadvantages: Fewer hard legs and g histogram: MCGNLO, 17.2 nb,
negative We|ghts - Dashed histogram: MC@NLO, 16.4 nb

10—3 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1

._.
2
(4%}

1 IIIIIII| 1 IIIIIII| 1 111111l

1-rET 'illl

0 5 10 15
P:(I/¥) (GeV)

We would like such *new* Monte Carlo programmes for HERA.

AN}
o



Improved Monte Carlo programmes - S. Frixione, P. Skands

Other improvements

e HERWIG++ has been improved in its C++ re-write; showering, h  adronisation
- available for HERA?

e SHERPA has recently added the underlying event - implementa  tion of HERA
physics?

e PYTHIA 6.3 contains a re-written parton shower: order in pp Of branchings
(rather than Q2). Compared to some ete~ and pp data.

e PYTHIA 8 will be the re-write in C++ - priority is for LHC.



NNLO calculations - L. Dixon, M. Klasen

Progress on NNLO calculations
Has been done for structure functions - use in full NNLO QCD fit

For jet production, work ongoing to calculate all diagrams - when will we have a
first Monte Carlo type programme?

Use of twistor space where momentum space described using sp Inors, not
Lorentz vectors

Tree-level established; loop-level looks promising



Electroweak and searches



Global EW fits P. Renton

P. Renton
Fits to electroweak precision data

THE BLUE BAND PLOT Global electroweak fit — high Q* data
" ety I m, = 178.4 + 3.9 GeV
—aarst oo | o(M,)=0.1188 + 0.0027
1 Ac®)(M,)=0.02770 + 0.00035
m, =126 '} GeV
v? =18.3/13df (prob=15%)
m, <280 GeV  (95%cl)
for A\ (M) = 0.02749£0.00012 m, =5143 GeV)

m,, [GeV]
r;;.::j?. Blueband' from uncertainties of 2 (& leading 3)| since Sumnier 2003 (Aachen EPS)

loops for M, & :1in"Ellw (main effect for m, ) | new lop mass increases my by ~20 GeV

& 1 . - P
) 4 2=l - 8 ele REf s § oo 5
Awranik Crakon, Freaas, Weaghein hepeply®3 | 148 0407307 &rels thetem Ew lox P g BIC INCIERNe Mty h:' » Gel

Fivisse Kuihn Seilensticker, Veretin 8 Fhys IonS a8 2008 many e | updated heavy iy, res, imcreases my; by =12 GeV

DIS 2005, April 27 - May 1, 2005, Madison, Wisconsin, U.5.A. Page 4



H1 EW fits B. Portheault (H1)

B. Portheault

Determination of electroweak parameters at HERA with the H1 experiment

2 ::;E
=
H1 DF
J H1 preliminary B v - v, POF 3 H1 preliminary B H1va v, P
H1 v a,-PDF
vu'%'m': vd "ﬂ
e 68% CL
0.5 88% CL ; v;\
0
1]
-0.5
0.5 \
*  Siandard Model
* Standard Model
-1 —— LEP EWWG
- — LEP EWWG liminary (Feb. 05
1 preliminary ( ) e
-1 -0.5 (1] 0.5 1
-1 -0.5 0 0.5 1 .
a, g

Precision will improve with HERA II high luminosity data

Precision in vector couplings will also improve with long. polarised data

DIS 2005, April 27 - May 1, 2005, Madison, Wisconsin, U.5.A. Page 6



DIS cross section with polarised beams
A. Nikiforov (H1), A. Tapper (ZEUS)

A. Nikiforov & A. Tapper
High Q4 CC and NC DIS with polarised leptons

] S
CC cross seclions |
- |8
¥ A
o 1
' i
70 e p vk & thesaght V00 R ’
H1 + ® P.=-0.25 (prei)
&0 ™ P-' 1] 0.5 BTN el O :
i — W1 PDF 2000 " w e
" : b
i i g ;"
“ fF "'.‘. E ‘ r
(2] 1]
20 a P= 0 E \
i Ps= 033 (prel) - 08 o B bR el ) W P
0 kL OF N w' L Q' 1oV
' Y is
10 ) '
" L] |
ple "o |I|il|le { |
1 «0.5 i MR
g P AT dpeed i PR el
® 0 o iGevh

DIS 2005, April 27 - May 1, 2005, Madison, Wisconsin, U.S.A. Page 36



|solated leptons with high missing transverse momentum
C. Veelken (H1), K. Piotrzkowski (ZEUS)

l+P™ss events at HERA 1994-2005 (e p, 192 pb™)

o _
‘C 10° @ Hi Data(prelim.) Np,.=34
q>) == AlSM Ngy =23.1+3.1
L 2] Signal
T 4
10595 ¢
Ay :
S ‘
L 3//7/ ==
= o —
T 7 e
/ . :
] 7,
101 /// 7 Z C// /4/
?// / / /’él/l/r{’///f i

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

H1 electron muon tau

obs./exp . obs./exp. obs./exp.
All PX 25/18.3 £2.5|9/4.8 £ 0.8 | 5/5.8 + 1.4

Pf? >25GeV | 11/3.0+0.6 | 6/3.0£ 0.6 | 0/0.5 + 0.1

(Tau for 108 pb —1)



|solated leptons with high missing transverse momentum
C. Veelken (H1), K. Piotrzkowski (ZEUS)

H1 electron muon tau

obs./exp . obs./exp. obs./exp.
All PX 25/18.3 £2.5|9/4.8 £ 0.8 | 5/5.8 + 1.4

Pf? >25GeV | 11/3.0 0.6 | 6/3.0£ 0.6 | 0/0.5 £ 0.1

ZEUS electron muon tau
obs./exp . obs./exp. obs./exp.

All PX | 24206 1,0 | 12/11.9 T0-° | 3/0.40 + 0.12
PX >25GeV | 2/29+06 |5/2.75+0.21 | 2/0.20 + 0.05

Potentially new physics; need to analyse more data quickly

Searches for single top, gravitinos, squarks, sleptons, et c. performed - none
found, limits set



Search for ©t - C. Risler (H1)

20 < Q% < 100 GeV?

P

+.

--H1 data
—bgr fit

reliminary

5<Q’< 10 GeV? 10 < Q” < 20 GeV?
- 200F { S 180F S 250 *
$w g g
10 160 ] 0 q40f 0 200/
= - = - = i
140¢ 120}
120¢ - 150
- 100 -
100} - i
E 80 .
80F- - 100}
60/ +H1 data tt ~H1 data i
a0) —bgr fit 40; — bgr fit o)
20 H1i|pgreliminary 25 Hi|preliminary - H
0i45 1.5 155 1.6 165 1.7 175 1.8 0i45 1.5 155 1.6 165 1.7 175 1.8 0
0_,— 0, —
M(Ksp(p))[GeV] M(Ksp(p))[GeV]

No significant signal seen
ou.L. ~ 100 pb (20 < Q2 < 100 GeVZ2, 0.1 < y < 0.6)

cf. ZEUS result: o(ep — e@1TX — eKOpX) ~ 125 + 27 752 pb
(Q° > 20 GeV?, 0.04 < y < 0.95)

IIII|IIll\ll‘ll\llwlllIIII|IIIII
145 15 155 1.6 1.656 1.7 1.75 1.8

M(K<p(p))[GeV]



Combinations / 0.005 GeV

Difference at 3 o level for forward/backward production

350

300

250

200

150
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50

Search for &7 - z. Ren (ZEUS)

ZEUS

x? / ndf =35/ 44

peak= 1521.5 + 1.5 MeV 10

events=221 + 48

® ZEUS 96-00
—_ Fit
Gaussian

Background
[ ARIADNE MC

2001
180
160}
140 I

gol-
sol_ff
a0l
20/4

o

1.45

15

1.55

1.6

1.65

1.7

M (GeV)

Combinations/0.005 GeV
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140
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60
40
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= |
no |

— Fit

x2 I ndf =59 / 46
peak=1517.4 + 1.8 MeV
width= 7.7 + 1.5 MeV
events=195 * 42

¢

e ZEUS (prel.) 96-00

Background

1 I 1 1
1.45

PRI T T
15

P R TR R
1.55

~ III|III|III|III|III|III|III

- Q%20 GeV?

K2 (p +P), nb<0

X2/ ndf =65/ 50
peak=1521.5 MeV (fixed)

width= 6.1 MeV (fixed) b)
events=22 + 23
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
1.45 15 1.55 1.6 1.65 1.7
M (GeV)



Search for 7 - M. Battaglieri (CLAS)

SAPHIR
= CLAS
40
i 40 [ 4t P
- 35
35 30
E + 33 25
: L 15 LJ
25 | > s \ﬂh
B g 25 0 | | 1]
20 [ = . N
- ﬂ 20 MinK") (GeV/c))
5 E £
- g 15 H
10 = Hﬂ
5 10
ok 5 | mJﬂLm
0 - 1
1.4 %4 1.6 1.8 2 2.2 2.4

M(nK*) (GeV/c))

vp— OFTK gt
Dedicated experiment in 2006

vp — ©TKO, E,—1.6—2.6GeV
Investigated by CLAS here



Search for ©7 - M. Battaglieri (CLAS)

nK+ Mass Spectrum

G (1540) ?
L | B v RS Y I e LA [ T A
21 2.2
M(nK")(GeYV)

e S

14 15 1.6

» the nK* mass spectrum is smooth

» No structure is observed at a mass of ~1540 MeV



Search for ©. - K. Daum (H1)/Y. Eisenberg (ZEUS)

Entries per 10 MeV

10 F

40 [
30 b

20 |

e D*p+D*'p

— Signal + bg. fit
---- Bg. only fit

[}
[=)
o

150~

d o/ dn [pb]

3.4 3.6
M(D*n) T GeV 1

« H1 Prel
---- RAPGAP

R(D*p(3100)/D*) = 1.59 + 0.33

n (D*p (3100))

+0.330
—0.45

o

Combinations per 10 MeV
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i — backgr. fit | D* — (Quuins i
I | fitinterpol. | MC signal ontop |
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L 1 X . J
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363 32 34 36
M(D"p) = AM™ + M(D™) o (GEV)

R(D*p(3100)/D*) < 0.35%



Pentaquarks summary

Existence (or not) of pentaquarks in unclear:

e Many positive and negative results for &%

e One positive and many negative results for $(1860)(=5(1860))

e One positive and many negative results for SF

Study of kinematics/properties of “observed” particles ca n help

The best way forward is to have more data, cf. new CLAS results



Summary

Understanding of structure of the proton (at high Q2) has deepened - new theo-
retical and experimental techniques

Jet and heavy-quark production provides many insights but n eeds more accurate
theory for further improvements, cf measurement of Qs

Theorists and Monte Carlo authors should calculate ep processes as a matter of
urgency

Looking for exotic physics; high  pp leptons, pentaquarks - more data needs to
be analysed

What is the future of DIS - few years of HERA and analysis of dat a and then:
eRHIC, HERA IIl, eLHC?



