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Why HERA 2 ?

* DIS: measure NC + CC cross sections with
2 polarizations x 2 lepton charges

_ xtr r re functions F-. F. . xF.(x.Q2). ... Reach original HERA goals:
extract structure functions Fy, F, XF5(x,Q°), HERA proposal, DESY 1981

0? (Gev?)

« QCD analyses: T
— determine parton distribution functions xq(x,Q2) Tl me
— the gluon and Ot e r
 understand production of Heavy Flavours meer
« study the nature of diffraction et
 look beyond the Standard Model: o - EERA'Z
— contact interactions, leptoquarks, SUSY, ... m”Eﬁfm

describe upgrade of HERA and experiments
give HERA 1 results - show HERA 2 prospects

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 2



intergrated luminosity (1/pb)

100

50

HERA

—E, =920 GeV
--- E, = 820 GeV

o
'3

e .
98-99/ -
e

HERA| Iuminosiltv

+

e

99-00

. o307

0 500

1000

days of running

Lumi Upgrade

« 1993-2000: 120 pb'e*, 20 pb'e
* mainly low (3 :
— move proton quad’s from 27 to 11 m
— superconducting quad’s inside detectors
 modest increase of beam currents
* polarization
« 2003-2006/7 : ‘close to 1 fb1’
22.10.03: 19mAe* x 52mAp

Lspec= 1.6 1089 cm2s"mAz L =1.6 10% cm?s™

W, L/ L. /10% | L/10% ,
n?lA nrl)A BX /'m Byl il c::::'1 mA?2 cm?2st Line/ Pb
1993-2000 140
50 100 | 7.00 | 0.50 0.66 <2.0
2000 67
2.5-12
20022003 | <35 | <70 | <3 | <025| <168 <27
H1 DC - HERA
20032007 | 58 140 | 2.45 | o0.18 1.82 3.7-7.6 1000
2003 - design

Zeuthen Seminar

22 October 2003

Th.Naumann DESY Zeuthen 3



HERA 2002 /3

 Luminosity:

— Low B and specific lumi reached,

but currents limited by ...

« Background:

— synchrotron radiation :
* better masks + collimators :

Zeuthen Seminar

 coating, shape (HOMs), cooling

Luminosity/cm 2sec

8.00E+31
7.00E+31
6.00E+31
5.00E+31
4.00E+31
3.00E+31
2.00E+31
1.00E+31
0.00E+00

Absolute H1 Luminosity

o Feb03 Run

@ Oct02 Studies
@ Design

© Y2002 Goal

® Feb03 Studies

5000 10000
I,/ mAXI,/mA

 lead shielding of beam pipe 2 mm

p-gas :

only 25% of lumi with drift chambers

« large currents

improve vacuum
« add ion getter pumps

* long bake out

» started Sept 2003

22 October 2003

Th.Naumann

DESY Zeuthen




HERA Polarization

* Gcc,pol (ei) = (1 * }‘“) Occ (ei)

« spin rotators around H1 and ZEUS :

A ~ 50% reached at first try

« need dA/A as good as dL/L : ~1% .

Daﬂga from Ist of March, S min average

Polarisation
g

s TPOL, online
*  TPOL, offline

LPOL

H H 100 m 300 100 W w00 7m0

preCISG pOIarlmeterS time in minutes

Polarization

tun L up vwith il
S0%, thre} rotators .
4025 A ] L t
o, Il = i o
So% | I 7 collisions
20%% -
1 I ! tune up vwith
10%0 solerroid
.i * fields I
10 20 30 40 [ Gl Fo &0
Feb 27 20:31:12 2003 Time Hours
Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 5



HERA 2002 /3

«27.5GeVe x 920 GeV p
» 2 accelerators : efficiency 2

* reliability:

running efficiency Feb 2003: 41 %

aging components

HERA Efficiencies

Proton Inj
. +ramp
Other Cycling 9% 100% .
17% 6% ) ,
Problems Posirton Inj 90% |
6% +ramp 80% L4
9% 70% |
Machine 60% |
Studies 50% |
3% Lumi Prep 40% |
9% 30% -
Lumirun 20% |
41%

10%

0% +

Zeuthen Seminar 22 October 2003

—A £

1993 1994 1995 1996 1997 1998 1999 2000

Th.Naumann DESY Zeuthen



HERA Maximum Peak Luminosity

Ieb = 0.300mA (design)
0.600mA (2 x design)

= (0.600 mA (Y2000 max)
p

42000 mA* =12
4 1500 mA4?

4000 mA?

Can’t get to maximum
Luminosity with 180 bunches

Peak Luminosity Prospects 2003 ek
F.Wi ;
2 max/MA? lep/MA? lp/MA Nb L/cm™2sec” Willelsz
2000 0.3 0.6 100 [3.75535E+31 | 4= A likely
1500 0.3 0.6 90 3.37982E +31 SCEenario
4000 0.3 0.6 140 5.2575E+31
2000 0.6 0.6 70 5.2575E+31
1500 0.6 0.6 60 4.50643E+31
4000 0.6 0.6 90 6.75964E+31 !




H1 Upgrade

Fast Track Trigger
Very ] S 11N
Forward FNC 106 m i
Proton FPS 60-90 m i
Spectro- | ' VFPS 220 m :
meter = Ala= I
VFPS a i HERA  PRC proposals nm{li'v:ltions
[ %Eh 1 T T T I %
i [ g ] = =
I w
' O ==<= == 1l S
! il i LIIIJ:-t Trigger =
FEIE FETE| ] CATE: [} P ,[, -
- ! HH [ polarimeters
| # fiau? P I =TT = - k L
i , , I=———— ]
e ML ek il FID|HEFSTECST BST b il P
> =GlI . ” =f=—=r——————————— () == =R 1 —]) L e —((=F <
S %= 1L !i NP - ESToF I
27.5 GeV F - | FTi : RE - e s M 920 GeV
PTok ll ! = i == (BTok
| HH‘ m a0 | Lumi
Il e = = = o -103m
——] Calo DAQ | Etag-40
FB —1r83 B2 e — -
1l DCM
| [+3 [+] =D _IK'.‘ [+] F—;—in o aL7JD [+] lll i [+] L“Jllrs
gy Forward tracking: Si + DC Sim ‘
= i N L L 4l FST / Rec .
h b= L= - 0
: ,n-“‘ i fiEL 0N 00
Il ,q |
¥ Mt e =illiicoaa= n T

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 8



ZEUS Upgrade

for Luminusft;la Up’grode With ""Short Mognets*

- 0ol g ompmpn st onerosn AN o SUELD, e gemstmess conerissnes S VD
: el i i BULO . CRYO-
4 m1 FUUION - B0X e
HAC; |
! _ ks =
{7 § 7 —= ] 5 __Lumi Sppectrometer
m’f . - = § iggg ;zl‘inovmallzed to 2002 Lumi-Spectrometer
2 mh = nannannig 2
H 1 < E L =0.43 pb* (2002)
] - L 2 s
i | 1L i @ FFCAL 7D CALRY [
O 84_”'_1\ = !| T P
T 3 . s
: | B4c 7 ETOl[E
-7 Mgt [T8eAL WALLE:
3
=, :
] BAC, :
by il
/ , T I X
10 m Straw Tube Micro Vertex Beam Pipe
Forward Tracker Magnets

W

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 9
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<
o 10t
103
10
10
1
1
10

Zeuthen Seminar

DIS Kinematics

22 October 2003

Th.Naumann

hAAALL LR LY L LY L HRELRRLLL L R
; . SLAC e(k) e(k’) ;
- [[] BCDMS s
) e f
! g CCFR = ]
: E665 1.
[ s |
L[] H & I
' R ]
[ R RRRRS I\ ]
E llllll 1 III[III| 1 lIIIIIII 1 lIIlIIIl 1 IlllIIIl 1 IlIIII!l 1 IIIIl!IE
0 107 w0t w0 10t !t

X

Q¢ (GeVh)

LHC parton Kinematics

107 T T Ty
x, 5 = (M/14 TeV) explzy)
w0 Q=M

fixed
target

centre-of-mass energy squared:
s=(k+p)2=4EeEp

Q2=-¢2=-(k-k')? = sxy
four-momentum transfer squared

x=Q2/(2P-q)  Bjorken-x
momentum fraction of struck parton

y =(P-q)/ (P-k) inelasticity
relative energy transfer to the proton

hadronic energy squared
W2=(q+p)® = sy

DESY Zeuthen

10



NC Cross Section

d?oNC 2T\, c — oo e\ — 2m02., -
dxdz(®) = X—Q4(Y+J2 FY xFy -y25F, ) = Q¢ Y+ Onc(x @)
Y, =1z (1-y?) helicity dependence Gne = reduced cross section
Generalized Structure Functions : I I
F, = FyY + a, F2 + b, F? ; i 3
XS5y = a; XxF,"4 + b, XF3Z parity violating
F,o= F 7+ .. (longitudinal, small at low y)
Fppres = qu:(eqz,Zeqvq, v2+a,?) (a+q)
xF, ¥4 2 = 2xzq( e.a,, Ved,) (9-0)= 2xq§d(eqaq,vqaq) qy

valence quarks

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 1



HERA 1 HERA 2

C;l ) 2 =0.000050, i = 21 » Hle'p 16 x=1.42-05 1000 b-l
= .t x = 0.000080, i = 20 x=2.5E-05

6 : .
8 g Ea ,:;.“ x= 0.00013, i = .|9 = ZEUS ¢'p 3 o L xehAE-0S
S X = 0.00020, i = 18 ] Lo u=?.BE—-%
t? x = 0.00032,i =17 s BCDMS . 14 Fo* x=0.000139 2
s o - 0.00050,i = 16 | ¢ x=0.000 (X Q )
10° S roREER ) o NMC E ) x=2&600435 2 9
A ¥=0.00078
* - " x=0.0013,i= 14 ] 19
] 4
104 * . gre=r " ga- X=00020,i=13 x=0.00139
E w TR L . E
: " P - . B E / x=0.00247

x=0.0050,i= 11

r - g . 3
S ...--I-“' ] "ﬂ/"‘/“’-’r oot
1035_ g vt g v BuawSFn x = 0.0080, § = 10 4 10 M X 38

i ¥
§ are® - .. PR b e x=0.013,i=9 M x=0,0078
R P IR T wpoag X" 0020,i=8 8 M x=0,0139
10 i_ .*'..'!”:‘ PR e i =0.032,i=7 _§ ———————a x=0.0247
LR 3 ] ———
i “"‘":Mm. e I A x=0.0438
Foooa g% i -
0 L res pamipppadony— niygomon pusala e g X=0080,i=5 | 6 S +—e-o——s x=0.078
E I g T Ry '-“'l‘ vy ; x=0.13,i=4 E e  eruPeara— x=0,125
i -ﬁmSn$WMI|lll|..cno|‘: 3 i! x=0.18,i=1 i Tt » x=0.175
1 F _“%“WA r phmprnl g ¥ s ; ifx.-.o_zs,i.-z E 4 L AL B e e s ""‘0-22:275
E E — x=Uu.
1 3Tttt -
B T B00000000RRI
0L f ] ’ —e-t—tsttse X=0.425
E —_——— E
2 Ve ~ 3 ———tttae x=0.475
i R T / 18 —— x=0.55
2| H1 PDF 2000 iﬁﬁ { i 1 hposi-o 15 | - 085 <
LU \\ i % ;é—’_ 0 Lo YRR TR TR
Fo— i —_ 13 2 J 4 5
F 7 exapolation = 13 1 10 100 100 100 100,
0l i e wl J Q*/GeV
1 10 10° 10° 10° ’

Q* 110(3ev2 measure proton structure with
fixed target precision at high x + Q2 !

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen



&

HERA Neutral Current

NC cross section

do/dQ? (pb/GeV?)
H
o

A Hlep

Standard Model :

© ZEUS ep 98-99 ] describes data over

— SMep (CTEQ6D)

6 orders of magnitude !

Q2> M,2:

sensitivity to
electro-weak effects :

v-Z interference:

» constructive for e-
» destructive for e*

1 F
A ,
10 M, ]
2F
10 F
3F
10 ]
F A Hle'p94-00
10 * | © ZEUS (prel.) e’p 99-00
- — SMe'p (CTEQ6D)
_5 =
10 =
of
10 -
- y<09
_7 | | | | I N | ‘ )
10 5 .
10

10

Zeuthen Seminar 22 October 2003

Th.Naumann DESY Zeuthen

13



NC: y-Z interference

HERA Neutral Current at high x

lb E T \\\HH‘ \\\HH‘ T \\\HH‘ T TTTTH

- oHlep
10° . °ZEUSep 9899

F %2025 (x100)
1 & x=04005

f x=0.65

o H1e'p 94-00
o ZEUS (prel.) e"p 99-00

- - SMep (CTEQ6D) — SMe'p (CTEQ6D)

© (=008 (x10000) — g a8 BoaE-B-g<-5
108 £ x=0.13 (x2500) _mﬁwég_g\%\

2: x=0.18 (x500) _e_g_e_n_%i_g;g\g\
102,

Zeuthen Seminar 22 October 2003

Q* (GeV)

Th.Naumann

Reduced cross section:

5 = 1 xQ* d%
T Y, 2no? dxdQ@?

e" constructive
effect of y-Z interference

et destructive

DESY Zeuthen

14



10

10

10

10

10

10
10

10

Zeuthen Seminar

NC cross sections

HERA 1

I x=0.65

T T T T T1TT \‘
o Hlep @ H1e'p 94-00
o ZEUS e'p 98-99 o ZEUS (prel.) e'p 99-00
--- SMe'p (CTEQ6D) — SMe'p (CTEQ6D)

F x=0.08 (x10000) WM-S—L%\
E  x=0.13 (x2500) ——‘mﬁgaﬂm_a_%\g\
F o
x=0.18 (x500) —ee—e—u-a-a-ﬁn-g—g-ai_g._g\g\

E x=0.25 (x100) W

x=0.40 (x5)

T T T TTTH

Q* (GeV?)

\

\
\

HERA 2

§|:| =SLAC ® =BCDMS O =NMC
I -1
10° ¢ * 500 pb
104 % x=0.07 (x40000)
103 éx:o.m(xsooo) o Nee——
102 % x=0.225 (x200) mpie oo n
: % RN
10 F o 020 W
1 E
F x=0.45(x2)
_1 -
" i w
_ i x=0.75 (x1.5)
10 ¢
F ——— MRSH
10_ 1 llllHM 1 llllHM 1 llllHM 1 1111“11 1 llllHM 1
10 1 10 100 100 10"

Q* [GeVT

v-Z interference: e constructive / e* destructive

500 pb-1:

22 October 2003

Th.Naumann

10 % cross section error for Q2 > 16.000 GeV?2

DESY Zeuthen
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NC: xF,

d’onc(ep) _ 2ma’ 2mo
d)r\iijz Q° [Y+F2 y F|_+Y XF3]— Y (X,QZ)

XF3 = (6°- 0%y YuI2Y. = 2x X e a, [q - q]

q
® H1 94-00 ® ZEUS 96-99 — SM (CTEQ6D)
1 T T T T T —TT T — [T \\\HH‘ T \HHM? T \\\HH‘ T \\H\Lj T \\\HH‘ T T TTTT
XF3 LT ] XF3 } Q°=1500GeV? T Q?=3000GeV:? T  Q2?=5000GeV’
r Q? = 1500 GeV? 1 O 4 C i i ]
08 r - C
I 0.2 - i i *
: ST LT D R - ?QH{*
06 0 o + I - r
-0.2 - 1 It »
L N T T 11T ‘ T T \\\HL? T L H‘ T T “‘Hl, T T ‘ T T \\\\\7
. 04 | Q*=8000Gev’ | Q%=12000GeV’ - Q°=30000GeV’ |
0z t | :
° | o e Bl A
0 : ‘O‘l‘ — ‘0‘2‘ — ‘0‘3‘ — ‘0}4‘ — ‘0‘5‘ — ‘0‘6‘ = ‘07 | L | \HH‘ | L] L L1 \HH‘ L L1111 Il L1 \HH‘ Il LIl
-1 -1 -1
X 10 10 10

direct access to valence quark distribution! Need lumi: HERA 2!

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 16



NC vs CC

2
d2s5C o 1 :
— P _(1-))——p ) F$C(x, Q?) ignore F| and xF,
dxdQ? , 8sin® By \ My + Q2
/7
= ~ : HERA
/ / I ~~ E T T 17T T T T T T 1T
- ¥ /! : ‘% g | x H1e'p NC 94-00‘ ]
= _.1 for ’ ! O o L*a~11 Q4 A Hlep NC i
left/right hande/de I = s o ZEUS (prel.) e'p NC 99-00 ]
I N = :
o [ o ZEUS e’p NC 98-99 B
I4 \ s b - SMe'p NC (CTEQ6D)
© 1t | — SMep NC (CTEQ6D)
COUPLING PROPAGATOR 10 - -
P 2
NC 2no?2 1/ Q* 10
CC  mo?/8sin*6y 1/ (Q%+M,)?)? oL~ 1 (M, 2+Q2)2
-« Hle'pCC94-00 \\‘*‘I\
similar since similar at 10l s Hepce |
) 1 2 2 g = ZEUS e'p CC 99-00
sin< By 74 Q* > I\/IW 5[ e ZEUSep CC 98-99 |
10 - --- SMe’p CC (CTEQ6D) |
‘Unification’ of elm. and weak forces o B SMepceCTEeD) I
% y<0.9 I
10 -7 L Il Il L1 ‘ Il Il \I\ ‘
103 104

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 17



&

do/dQ? (pb/GeV?)

CC Cross Section

GE [ Mg

2

d°Cec sy —
daxdqz &)

4nx M+ Q2

(Y.F; FYXF;-y2F)

HERA Charged Current

1 E T T ‘ T T T T LI ‘
1 . * Hlep 1
10 ¢ = ZEUS e’p 98-99 E
= — SMep (CTEQ6D) ]
-2 [
10 E g
30
10 E
4
10 [ . _
F + Hle'p 94-00
i = ZEUS e*p 99-00
10 | — SMe'p(CTEQeD) /
g +
- e
_6 [
10 ¢
E y<0.9
7 L ‘ L
10 3 4
10 10

Zeuthen Seminar 22 October 2003

Q* (GeV?)

Th.Naumann

O (e’p) > O (e*p)

DESY Zeuthen

O (e'p) ~ X (u+c) + (1-y?) x (d+s)

G (e*p) ~ X (u+c) + (1-y?) x (d+s)

18



% Hlep
O ZEUS ep 98-99

CC Cross Section

HERMHIFR#A Clrrent

* H1e'p 94-00
O ZEUS e'p 99-00

— SMep (CTEQ6D)
— SMe'p (CTEQ6D)

()
]

N
U

Q? =280 GeV?

Q%=530 GeV?

Q% =950 GeV?

[EEY
L S P

==Y
)

L5 S

T

0.75
0.5
0.25

aTTT

[EEN
o

-2

-1
10

-2 -1
10 10

-2 -1
10 10 X

G (e7p) ~ x (u+c) + (1-y2) x (d+s)

G (e*p) ~ x (u+c) + (1-y2) x (d+s)

HERA 2

- -1 + -1
- e 250 pb - e° 250 pb
700 GeV 2500 GeV
°
5 e
S * 4 "ee
s [P0, e 1-/7\’%
2 e #te
o I °
8 ¢ °
o |
B | *
3>
T o01p 0.1t "
= i
o data e data Yy
— 24,(1-y*(1+)) — 2u(1-)) ‘
0.01¢ 0.01F
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 1
X
7000 GeV? 25000 GeV?
: :
00 o
1t 1
*® o
01¢ 0.1t
\ 0.01} 0.01¢
\ 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 1

constrain uandd

valence quark density at

high x and Q2

need more lumi

HERA 2
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ZEUS
9 R IR IR IR IR IR [T T
! x=0.015 /J’l 1 x=0032
4r T ]
of _— 1 | CC quark singlet structure function :
T — S - -
x=0.068 1 x=013 ] F2CC =2/ Y+ (G++ G )cc + A(XF3,F|_)
2r T .
e L o
; 1 | see scaling violations in CC !
0F —
1.5 - HHH— H ERA 2
1 F 7 1 u
o g ] reach precision of
T o CCFR I © ] i .
([ zeuss EE P neutrino experiments !
F ] AGFLF) Y 1 Y
| W vl vl T pul [T ERTTT I
o100 100 100 10t 100 10° 100 10°

0°(GeV?)
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Polarization in CC

= 120
N%\ L

weak interactions violate parity : S 100 |
? L ® ep Data(Prelim. 16 pb'l)

GCC (x,ei) — (1i }\‘) Gcc (O,ei) S - - €p SM Vs=320 GeV
80§ - A €pSM (MC)

. 80 I— Vs=320 GeV (50 pb™%)
- test chiral structure of SM : - | i
- A=1.0: switch CC on / off ! L '

e c'pData(48pb™)

- A=0.6: simulate with 4 x 50 pb™’ o cpmaeen)
- (1+0.6) / (1-0.6) = 4 £ 0.0? o[+ cosumo

Vs=300 GeV (50 pb™)

* polarization : -
- varies in time -> syst. error 20 —
- as precise as lumi ? 1-2% ? 2

|| ‘ L1 ‘ L1 ‘ [ ‘ L L1 L1 ‘ L L1 ‘ L1 ‘ [ ‘ L1
-1 -08 -06 -04 -0.2 0 02 04 06 08 1
X< 7P
~ A -
~ ~ -

S~. helicity .-~
suppression

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 21



CC cross section
e 2x5pb!' A=104

Predicted Charged Cument ¢'p Cross Section
L I B B I LN I IR B

Polarization

29
° N  Polarised CC ;
B . —1 ]

. :_'.mth 10 pb Spb (Priced) ]

}

65 pb! (Memsured)

w0 b .

15 5pb (Predicted) ]
r Q%1000 GeV*

wkE y<0.9 ]

5 .

[y Jj AP IR IFE I N I NN S e B
1 OB 06 04 DZ 0 02 04 06 08 1

e" Bewn Polarisation

try 2003 1?

Zeuthen Seminar 22 October 2003

NC cross section
et 4x250pb! A=+0.7

3
&
L B HERA e 250 pb and +70% polarsation e- ¥
ﬂ- =
o 2 A HERA ep 250 pf and -700% polatsation I,,—"
[+ -

05 ' @ HERA e'p250 p and +70% polaisation e"'
0.4 4 HERA 'p 250 b and -70% polarisation
| |
Dpa_ 1 1 1 1 1 3 1 1 1 1 1 1 1 1 -ﬂ
10 10 Qz,i' Ge'urﬁ
Th.Naumann DESY Zeuthen 22



Figure 42 Expected statistical accuraey of the 2 interference structure function G'a

0.2F

o(A)-o(-A)

o(A)+0(-A)

N—}\‘KZ e

NC: xG,

9~_M<

F2

Hd/u

?44[d/d

simulation of 2 x 200 pb' with A =+ 0.5 ;

"F,” of y-Z interference: parity violating

®

&5 [ 1 1 &
0.8 l 1000 g {08 4000 Gev? | O.8f 10000 cev?{ 0.8F 30000 Gev]
0.6} { 0.6 o6} 0.6}
0.4} } } oaf }} 1 oaf { 1 s}
* .l.} { oazr t }i { o2} § { { oz} -
L , !lr: o , E'!: ok , *'o-
0.1 .1 1 0.1 0.4 1 .01 0.1 1

X

for NC e*

for

P = 20,5 and 200pb~* for each polarization. From M. Klein, Proceedings DIS Bologna

Zeuthen Seminar

22 October 2003

Th.Naumann

DESY Zeuthen
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F, sensitive to gluon
and to theory.

Important measurement +
consistency test of QCD !

F. extraction from H1 data (for fixed W=276 GeV)

S al
o e —— NLO a fit (H1)
Ty , [ ® H1 preliminory ——— NLO fit (ZEUS)
= Hle' ——— NLO MRST 2001
og [ BHTE ——— NLO (Alekhin)

NNLO (Alekhin)

H1 Collaboration

Zeuthen Seminar 22 October 2003 Th.Naumann

0.5

0.4

0.3

F (x,Q%)

0.1

0.5

DESY Zeuthen

F_ in LO-NLO

NNLO

AL Bl e 0.5 Al BARALL B A I
Q*=2 GeV? § Q%=5 GeV?
| —— NNLO (average} _ 04 _|
------ NNLO {extremes)
NLO
- LO
— — 03 — -

ol vl vl il

10® 10 10? 10? 10!

L Q=20 GeV?

04

03

02

0.1

URALLL S AL AL BRI

Q*=100 GeV?

R. Thorne, Lepton-Photon, FNAL 2003
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FL(X-QQ)

FL

(1+(1-y))F2(x,Q%) — y*Fr(x,Q%))

d2o A7 v?
4

dxdQ2z = x

HERA 1: determineF, HERA 2: varyy by varying E,

with extrapolation method E, = 300, 350, 465, 920 GeV 10 pb' each
P 0P=0.75CeV Q=135 CeV L 0P=2.20eV
06 r r o 08 ‘ o 0% ‘
L ! L Q'=4.0 GV’ Q=80 GeV’
06 1 06
S
g 04 q 04 *
g ++++++ + B .
[5} 02 b 02
0
. 2 16‘ 163 2 1&‘ 1('13
X F_ - BST/Spacal x . x
® H1 svix00 (prel.) o 03 : o 03 :
B H1 mb99 (prel.) Q= 150 GeV* Q7= 300 GV
A H196/97 osf — o6l ]
— NLO a, fit (H1)
— NLO it (ZEUS) ol 1wl H ]
— NLO MRST 2001
| — NLO (Alekhin) val \ “H + ] ozl ﬁ'ﬂ i‘
b T ae NNLO (Alekhin)
L 0_5 1 0_4 ! 0—5 ! 0_4 0 16‘ 163 0 1&‘ 1('13
T.Lastovicka, EPS 2003 Aachen L.Bauerdick, A.Glazov, M.Klein, HERA Workshop 1996
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HERA low energy

* minimum possible |, Simulation 460 GeV x 27.5 GeV 30 pb-!

proton energy: o ee e seses e o

- gopoD\ @8 OHe s o s ¢ o0 o 46 & & ¢ -x=0.10

+x=0.07

DUEEOOCHROPR0S o oo o0 o 0 & ¢

. . +x=0.14
extend kinematics PSRRI s veve bey 4 h egd
TEEERAIVIN 06 0y 44y t x=0.23

access large x e e | o H o
L b8Bgog = *x=0.33

at lower Q? ; o AR -
+ -x=0.45

overlap with BCDMS

ﬁ%ﬁ ;
ng%au + + L J -x=0.55_

x=0.65

Ol from one expt. ? MU e 1w

QY GeV?
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Parton Distribution Functions

DGLAP equations:

dai(x, Q%) as(Q?) /xl ﬁ[qi(zjqz)qu(;—{) + g(z,Qz)qu(}z—{ﬂ

dlnQ? = 2n Z
2 2
di(;}; - aség [ %[?(‘“% Q)+E(z Q)Pea( ) +8(2z, Q%) g )
- 08 HERA: PDF determination

* needed to understand ol D“‘T’é’es"os'??ﬁans,Mm

new physics ! «-sé-
* valence quarks : Lo\ w,

% precision ol
* problem: gluon! ot

0 —

1 o 10 1
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Parton Distribution Functions

needed to understand new physics, e.g. at LHC !

- . L [TTTIT T IIIIIII| T IIIIIIII T TTTII T T TTTTI T IIIIIIII T TTTTT]
QCD fits to structure functions : 2 & @ I b) 3
_ _ R T ]
F,~4/9 (U+U) + 1/9 (D+D) 06F = =
_ _with = T =
xF3 ~ 2(U-U)+ (D-D) : T ]
02 —_1 —
D =d+s U=u+c 0 BT A A
U=utc D =d+s o P © B E
% precision except for gluon wE «D F 1s
5 4 = 42
Zoo F=—— H1PDF 2000 , , C - . %
I E=== ZEUSSPDF Q=10 GeV 02 xd - U
08 f CTEQ6.1 r My T -
,\ [)_Hi;" T O I B N TY| NI W Vrin WU TT] N SO B AT 171 M N1 111 N o L
07 | I I IIIIIII| | IIIIIIII | IIIIII_I ] 2 -1
ol © 4 L6 10 10 Kl
i ] H1 PDF 2000: Q2 =4 GeV”
- - FittoHl data
- experimental errors
_ model uncertaintics
1 FittoHl + BCDMS data
AT A WA T A R TTTT] B T parton distribution

0

T 10 10

=
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0% Gluon 5%

HERA 1 HERA 2

8o T QCD Fits o
G20 r B (H1+BCDMS) total uncertainty * 90
X M (H1+BCDMS) exp. + a, uncert. XG X
s O (H1+BCDMS) exp. uncertainty 80
i — (H1) :
x ..
15 - o 1 fb-1
|0?=20 GeV? 5 ) ,
i Q“ =2,20,200,2000 GeV
- \ 0°=200 GeV? s |
10 F : OXG/xg~3%
I 40 |
I 5 30 §
5F < :
I 8 0
©
3wl
L I B L R B L L1 E h-‘ﬁ-; T | 1 1 | 1
01 6_4 e o2 o] 0 e -ﬁh 05 0
X 02=2,20,200,2000 Gev2 HERA proton 0gso(x)

systematics fitted
M.Botje, M.Klein, C.Pascaud, HERA Workshop 1995
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0, (Q?)

« QCD fit of F, scaling violations :
o, = 0.1150 + 0.0019 (expt+fit) £ 0.0050 (scale) H1
o, = 0.1166 + 0.0052 (expt+fit) £ 0.0040 (scale) ZEUS

« Jet cross sections: 1, 2, 3 jets
o, = 0.1224 + 0.002 (exp) + 0.004-5 (theory)

V7025 0.2|||||||....|....|....|....
3 L @ ZEUS (82 pb’ )(mclusvejet W)
i = ZEUS (38 pb”) (dijet DIS) s © ZEUS 98-00
A ZEUS(39 pbl) (inclusivejet DIS) ZZZEZ from a,(M) = 0.1224 = 0.0001 Sons “aaet
v CDF (87 pb™) (inclusive jet pp) 0.18 5
02 Lo == Bethke 2002 Bethke 2002
- } |
015 - }ﬁi %} ﬂ 0.4 [
i H 0.2 [ .
01 L Eﬂi@% ﬁ%’[i L running O (E;)
L ' [ in one experiment |
L ‘ 1% L S R A R R AR

10 10°
u (Gev) EY' (GeV)

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen
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o, at HERA

ZEUS +e+Inclusivejet crosssectionsin yp
(Phys Lett B 560 (2003) 7)

cor i [l o miosingy 00g |HERA1 HERA2

ZEUS L S&E’jel”e‘t{'gpgg%‘ 2&%\'398 :
(PhysLett ) 41) experiment| 0.002 0.001
ZEUS (prel.). —#et—  Jet shapesin NC DIS
(Contributed paper to IECHEPO1)
ol NLO QCD fi ?
HL e NLOQEDIL 1 o001y 39 theory 0.005 0.00~
- NL O QCD fit
ZEUS (Phys%ev D 67 (2003) 012007)
H1 e Inclusivejet cross sectionsin NC DIS
(Eur PhysJ C 19 (2001) 289)
—e— Inclusivej i in CC DIS P I
ZEUS (hep-exiosos018) oo precision limited by theory :
ZEUS A Inclusivejet crosssectionsin NC DIS
(Phys Lett B 547 (2002) 164)
Heo- Dij [ in NC DIS -Qi
Zg'i,ﬁé@ﬁ%a] ...... it ey TuNel, NNLO non singlet expected for 2003
..... A, worldaverage | ioo11012 NNLO singlet + gluon 2004
IO.l I0.12 I0.14
o(M)
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3% HERA’s Charm and Beauty

ZEUS
~ 6000
2 C + ZEUS (prel.) 1995-2000 (127 pb™)
E!E-C‘!T‘Ol‘l S L — Backgr. wrong charge
@ 5000 |
L 4 w1t 0. =+
s { D" — D" N
r ]
5 ] — KTr
g 4000 — p
O r k-
L + l/“'
3000 |- » )
L o
: [ ' TC"
2000 [ v+ .. Golden
- D’ decay
L [
[ +
L 4
1000
olf v o+ [ | L

0.14 015 018 017
M{Krr,) - M(Kn) (GeV)
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charm fraction
In the proton

F,°/F,

at high Q2

reaches 30-40% :

Zeuthen Seminar 22 October 2003

F,c/F,

cC
HERA F, / F,

N UL B UL T TTT

‘ \‘ T \HHL7 ‘ T \HHH‘ T \HHH7 LU LN T T 11T T T 1T
w | Q%=2Gev?| 4GeV?|
I3 o H196-97
w041 o ZEUS98-00[ T
[ o ZEUS96-97] 1
== ZEUSNLO
I EY | |
0.2 %Q + é -+
OF i ] ] ] g
I 11 GeV?| 18 GeV?|
0.4} -+ +
021
of
04}
0.2
07\ | | [T S| | | | |
_ - 3
10° 10° 10° 10 10° 10

Th.Naumann DESY Zeuthen
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* use D*—D & to tag charm

* F,¢ agrees with prediction based
on xg(x) from F, QCD fits

* and vice versa :

EQCDFit (H1)

D" (DIS)
D' (vp)

H1 Collaboration

« important consistency check
 improve statistics + systematics

Zeuthen Seminar

22 October 2003

Th.Naumann

cC
HERAF,
|8 0.6 \HHH‘ \\2\\\\\\‘ T \HHH‘ T \EHH T \HHH‘ T \HHH‘ T HHH\‘ T \Héu T
LL Q°=2GeV- T 4 GeVH
| o H19697 | 1
04l * ZEUS98-00| 1
o ZEUS 96-971 i
== ZEUSNLO + 1
02| , P 1 : ]
0 -
06|
0.4}
02}
ok
0.4} =
0.2 -
0 Lupual I
107
DESY Zeuthen




L F,°(Q?) s

cc
HERA F

do we understand 8\ ———— . 2z
L X = 0.00003 (x 4 i
how to pass the 107 X = 0.00005 (x 4
. 1010 =y X=000007 (x 4) ]
charm threshold in NLO : § x=000013 (x 4"y
of x = 0.00018 (x 4%%) ]
0.08 0 / x = 0.0003 (x 4"%)
F Next.lsting Ovder 10 81 /V X = 0.00035 (x 4') g
Pl 3005 e VRS g / x = 0.0005 (x 4% :
OO g T 10 E / x = 0.0006 (x 47 .

/ X = 0.0008 (x 4™
101 _p (x47)

g x = 0.001 (x 4'°) ]
105} //’.x': 0.0012 (x 49) .
i A/n/'y x = 0.0015 (x 4%) ]
104L _ 7 N
g MX-O.OOZ(M) -

° x=0003(x4%

103;7 M
- 5
i I x = 0.004 (x 4°)

Thesme, Roberte: PR DS7(1998)6871.
1 H L oL Jel II 1 1 L i

1 Ill:IJJ

1 g 10 pleaagd 16 :m’ - 1
Q" (Gev?) 10°F g x=0.006 (x4%) 7
B x = 0.008 (x 4%) B
- 10 ol X =0.012
match fixed order scheme L OH19697 g *T A ]
: 1 F  «ZEUS98-00 E
at p; < mg with massless g ZELS 96.97 o X=002(x4Y)
F (o] - ]
NLL resummations (Frixione, ... o $ x=003 ]
( ) 10"} == ZEUSNLOQCD _y—* "0 |
1 10 10° 10°

Q° (GeV?)
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HERA 2 :

HERA 1:

* measure in limited phase space :
1.5 < p;(D*) <15 GeV
|n(D*) [ < 1.5

HERA 2: H1 + ZEUS

new Si detectors +
forward trackers

 kinematic range extended
by £1 unit in n

* open new decay channels

 and more lumi ...

Zeuthen Seminar 22 October 2003 Th.Naumann

|8 0_6 \HHH‘ T \HHH‘ T \HHH‘ LY T 11T T
N Q*=2Gev? |
[ oD H196-97 |
04| * ZEUS98-00|
| o ZEUS96-97
L= ZEUSNLO +
I QCD i
02} %
0 -
06|
0.4}
0.2f
0 "
0.4}
02|
O L
107
DESY Zeuthen
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HERA2: F,°

Acceptance of Heavy Quarks
Deep Inelastic Scattering

A 1 [ AL L L L

1 Q’< 100
0.8 | e only p>1.5
HERA 2: H1+ZEUS SR
0.6 ls ftfttﬁ;f‘ . | AW4FST+BST
*f:f' a, 1 mi<2.5
new Si detectors + forward R
trackers 020 = % Mt
L DD Dﬂ -#‘ |
. ) 0 T IO R s = SRR
- extend kinematic range 10° 10% 107 107 10
X
by +1 unit Inﬂ : w | I " + Q> 100
. TE S R ead
smaller extrapolation errors 0.8 1p-= ‘G‘;AA M
s - |
less model dependence 061 oTu + :
- ]
- open new decay channels 0.4 1 N *LA )
02 " = e ]
nl
0 , | , Hﬁr'} ,
0° 107 10 1
X
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HERA 2: F,

HERA 1 HERA 2

ZEUS
IE NM ||||||I| |||||I1 ||||II1 TTTTm] |||||||1 ||||II1 ||||||I| TTTmm ||||I|1 ||||||1 |||||II| TTITT N T ‘ T ‘ T ‘ \77 T ‘ T ‘ T ‘ T T ‘ T ‘ T ‘ 1T T ‘ T ‘ T ‘ 1 T ‘ T ‘ T ‘
[ - Qﬂ=z Gtvﬂ + 4—— T F CC H + 1 1 I
[+ ZEUS (urel)] 1 ] 204 2.5GeVi | 4GeV | 7.5GeV' 12 GeV* |

Um0 200 | pb-*

02 —+ 4+ - 0.2F ]

0.0 : T ‘\ ‘ ‘\ L ‘\ “ ‘\ N
i 120 GeV* 250 GeV*

04| I P + I |
’ ¢ }

0.2

107107107

10107107

10107107

00—t 1 .1 ‘ ‘
10107107

107107107

_ 1 X
ozl 1
I 1 K.Daum, hep-ex/9708009
0 Lt vl b ovvd vl oM ol od
10" w” 10°
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e cc,bb X) (pb)

ofe'e” — e*

a
-

s
™
T

Beauty

b Cross Sections at HERA

E‘ = b b rel
8 ZEUS bb (In'|<2; py >5GeV) p ;
< s H1  boux p'%
- H1 b—uX Imp.-Par.® pr:I (prel.)
% 71 O ZEUS D'uX (Rapidity & < 1) (prel.)
(@] B ZEUS o, (juX) pr:‘ (prel.)
6 A zEUS 0, (i%) p (prel)
5 ® H1 6,(juX) Imp.-Par.® pril (prel.)
4
(@)
3 -
2 1 # 1
1 NLO QCD +
ff ‘ ;
10 2102 ,
Q° [GeV1]

[ RLOET X
B o's >e'ebbX

Zeuthen Seminar

22 Octowoer cuus

"B b, v=1.8TeV, KI<1 ]
DA Data

{Errore hava correlationa)]

— CASCADE 3

E )
E aMuons+lets N
(This Analysis)

3 *|nclusive Muons
F __ NLOQCD, MRSR2

cross section

HERA 1:

* b excess seen in all experiments
* C excess also at high pt
- still large errors

HERA 2 :

* high lumi
* vertex tagging over larger kine. range
smaller extrapolation errors

* theory: need full NLO
heavy flavor Monte Carlo’s
fragmentation treatment

__________ Theoretical Uncertainty \\.
| L L L L
8 76010 20 .?n 40 50 B0 TO
pr (Gev/c)
in.Naumann  DESY Zeuthen 39



F,b/F,c

HERA 2 : simulate F,?/F,¢ with 500 pb-

szb/l.'é:t:' 1
0.04 [

0.02L

0.00 F—
0.2F

e T

'l L L 17
10707107
x

1071107107 10™M07%107°

O'G C 1 1 1 .'
107107*107

107107107

K.Daum, hep-ex/9708009

b/c ~10% at Q2 = 400 GeV?  b/c — 25% at Q2 >> m,?2
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DIS Diffraction

& H1 99 (¥s=319 GeV, prel.) H1 preliminary
= H199-00 (Vs=319 GeV, prel.) — H1 2002 5,0 NLO QCD fit (prel.) 2
o H197 (Vs=301 GeV, prel.) - extrapol. fit Q a
get parton structure of Ol il Ll el il vl il .
) . bh o Iy A
diffractive exchange : a w | s |a I 2
> m.:R ™ &, = & 25
/e e T T [ P T [ e % 35
e qu e I I [ P e Ll B
B ul_ eI T Lu-/k/""‘ e 6.5
} M)( oes = P o S S ih.,_,\‘.‘ag_, ﬁ 8.5
X p R I | Py, e By | 12
P p R S L
\t J M:R I N P, p 20
= e . S ﬁq_z L\_, . | 2D
F,P (t, B, x;p, Q?) - e e A e | B
a.a:l— P Ry — v t-,./ M_’ ;“.—_ 45
F,P®) now covers 4 orders “F A A A e t %
. . oos— 20
of magnitude in Q? K i e e 120
. ~ e —
aos|- ' D™ BN 200
1] L] L] /] ..h—
QCD fit for diffractive el s e e | %0
parton densities - ol | 800
describes data well "L ) I T

Xip

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen
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ot

* X,,=0.0003 * x,,=0.001 = x,,=0.003 = x,,=0.01

0.05

0.1

0.05

Zeuthen Seminar

H1 preliminary

[#=0.020

[=0.032

p=0.043

[=0.050

[=0.067

[=0.080

(=0.107

[=0.130

o L

R=0.167

[=0.200

}

[=0.267

\

[=0.320

[=0.433

[=0.500

C p=0.667

[1=0.800

{

22 October 2003

+ H1 97 (prel.) y<0.6

@ H1 97 (prel.) y<0.6; M <2 GeV
—— H1 2002 5,0 NLO QCD Fit (F D=0)

positive scaling violations

up to large B

Th.Naumann

DESY Zeuthen

DIS Diffraction

X,p = 0.03

H1 preliminary

x=0.00032 , f=0.0107

=

x=0.005 , =0.1667

-
-
-
-

® H1 97 (Vs=301 GeV, prel.)
B H1 99-00 (V=319 GeV, prel.
H1 2002 6,2 NLO QCD fit

1
an
-

L1 likl!ll 1 lllllll L

(Vs=319 GeV, prel)
IP only

3
10

Q? [GeV?]

2
10

42



Diffraction: H1 VFPS

HERA 2
H1 VFPS atz=220m

* increase acceptance hor. FPS—VFPS 1%—50%

*oP for x,p=0.017 integrated over |t|< 0.8 GeV?

simulation for 350 pb-1 » measure x = 3 X,p and Q? in central detector

x;p F,D® at Q% = 8.5 GeV?, p=0.2

t INTEGRATED F2D3 (350 pb™")

g 1055 ’-é 0.05
= 4
£ [ p=0012 oy :
105 < F_ ., -1 . .
3 ot 0.045 ¥ 360 pb™', main detector systematics only
Eog=0018 .. " = | B . .
F ) @& 360 pb ! main and forward detector syslematics
16*E g=0.03 EN A
; o 0.04
Foa=0.048 &
1035— = [ [
F g=0075 R ' 0.035
102_— 4012 e . . E +{
i e 0.03
10 3 £=0.19 s ww v " » : '* **
F _ W ew sa v s v oas pasd [} [
L 0.025 \ !
E p=0.47 T iy [ ) . v+ ** .
; I t L diffractiv -
f . , scale violations at high B - diffractive non-diff
10 3 =078 TR e I EEE 0.02 [ Data points derived from 1994 H1 QCD fit
P =095 ETRTTREIREEIE | Binning / errors derived from 1997 analysis
- [
10 B Ll L L |||\|||2 L L |||\||‘3 00]5 |||-; L 1 I L r|||-2
4] 10 11D IO - 10
Q*/ Gev* X[P
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Diffraction

« exclusive final states statistics limited

« get high statistics for all proton elastics:

PROCESS HERA-1 (100 pb™?) | HERA2(1 fb~ 1)

Elastic p? (@2 > 20 GeV?) 1000 10000
Elastic ¢ (Q% > 20 GeV?) 125 1250
Elastic J /) (Q° > 20 GeV?) 140 1400
Elastic T (all Q%) 50 500
Diffractive D* (Q% > 10 GeV?) 100 (H1) 1000

Zeuthen Seminar 22 October 2003

Th.Naumann

DESY Zeuthen
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emjes

HERMES $

1 1 - e
disentangle proton spin : 2 = 2 (Auv +Ad + Aqs)+ Lq +(AG+ Lg)
) M ’ AG
HERA 1 G =0:41£0.1820.03
A HERA 2 : HERMES recoil

Caonnector Ring

CACollimator
{Tungsten)

hard exclusive reactions:

SclFl 2

Coothg. VM + pseudo scalars + DVCS

gluﬁﬁls;ctors gf‘?’t"t;brg]rg Generallzed PDF’S

N access orbital momentum of quarks
S[.LJDI'IQJI. Frame

Target
Cell

Recoil Detector

'build by DESY, Erlangen, Ferrara, Frascati',
Gent, Giessen, Glasgow and PNPI
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HERMES DVCS %efm:

Interference DVCS — Bethe-Heitler 1,5 gy
Lepton charge asymmetry, unpolarized beam + target

A, ~ do(e*p) - do(ep) ~ cos (P,.) x Re Ipycsph

HERA 1 HERA 2 (x,>02)

0 0.6 02— T T
< I e'pseyX (M<1.7GeV) ;} 0.20 ]
N

o | ® HERMES PRELIMINARY £0.15 Xg > " .
Tl — P1+P2cos ¢ < N\ o

+ AN _ - - :
| 04173 8 Pt
02 | N VAN
* 0.05F N ¢ A
g N A ]

0 0 3 ‘A'*'/
-i’) \ .7;' ‘."\-.

i ERRY RN

02 | -0.05r + \ R . ..
| | ,/ \.\.. ) E // \\ ) 4
0.1Fe" NN RE

04 | P1=-0.05 £ 0.03 (stat) N

I P2 = 0.11+0.04 (stat) 0151 1
-0.6 \\\\“‘ g ) S N E N S R B
3 2 1 0 1 2 3 “3 2 a1 0 1 2 3
o [rad] ¢, rad
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HERMES transversity

+

[ AT HERMES PRELIMIN&RY

| acted forsmia ing and ac captanca affects
0.5 F',.IJ_.I'M weig htgd

e T % e Tc X E : : 2% =zcalo uncarkinty *
First Result from HERA II 05 1
# only 1/7 of finally needed statistics 0.5 Fm . “Collins” angle
0 3 :
® AR S0="50 AN A
u £Es5 [
— . Asin® \ 0d < i + + + + + +
» 7 :AUT <0 :"E <0 0.5 —’_’_'_< l . _—
BUT 05 o Dok st oo

$ need more statistics to disentangle
CollinsFragmentation effects from
quark polarizations

ASiHs)
ur
]
| ! _L‘_I
_.:_
——
IR
.
T I T T T T .: T T T
—e—
—
— e

0.5 |

0.1 02 03 0.3 0.4 05 0.6 0.7
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HERMES transversity %e)i%g

transverse spin structure of the nucleon :
last missing peace in the leading spin structure of the nucleon

epl —epX Collins fragmentation. Predictions for

ou(x)
7~ 3 B 1 1 LI IIII 1 1 1 1 I_
é B ]
S [ a) :
O 24 - | . -
- T ep >enr X A
n [} ]
[ é ]
12 3 7]
0.6 - \\\ . ¢
NN ]
| A \ \\\\\\ \\\\ n
[ 1 1 L1 IIII 1 1 1 1 I-

’ 107
X

Zeuthen Seminar 22 October 2003

and H,4(z)/ D,4%(z)

A2.5 B LILIL I LILIL I LILIL I LI I LI I_
Nt ]
CXSIN A | b) 1
O 2L v
= [ I ep >en X
Nt . ]
2 15 ' -
N [ ]
= ¢ ]
a3 N
05F .
: Q?i\\\\\\\\\\ \\\ \ \\ :
0 [ L1 1 I L1 1 I L1 1 I L1 1 I | I-
0 02 04 06 0.8 1
Z

DESY Zeuthen 48
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Beyond the Standard Model

 contact interactions
* R,-violating SUSY
* |leptoquarks

* large extra dimensions
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complementarity :

LEP _
efee—qq

_FNAL
pp—11X

e

q

new physics enters
4 fermion contact term

ZEUS Quark Radius Limit

do/dQ?/ do“MdQ?

10 F 7" e 1994-2000 prelim.
% i---on e a-‘ao-.-.&.-.-.;-.-...?_._,_i;_ 1 e R,=0.73 107%cm
S _1103 l - l1jo‘ o8 T
1 -8B ]
; R s —
M| M| L P
10° 10* o* [GeV?]

Zeuthen Seminar

22 October 2003

Th.Naumann

3 T llllllll

O 1 llllllll

Compositeness. VV

BSM : contact interactions @

® e pNCdata
— A =38TeV
A"=33TeV

2 [~ combined limits:

A =55TeVv
L A"=53TeV

T T lllllll

1 llllllll 1 11

T T T llllllll

Vs=319GeV | o

T llllllll T T

e*p NC data
— A =53TeV
A"=4.8TeV

— combined limits:
A =55TeV
A"=53TeV

1 llllllll 1 11

1 llllllll

Vs=319 GeV
®

3
10

10 10

10 4
Q* (GeV?)

HERA 1 : cross sections agree with
Standard Model up to highest Q2

quark radius

constrained to R, < 10 18'm

HERA 2 : with 500 pb! 5 ¢ discovery

if deviation data/ SM > 1.5

DESY Zeuthen
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@ BSM : contact interactions

|I|I|I|I|I|I|I|III|I|I|I|I|I|I|I|I ZEUS(prel,)Q&I-OOeip

Hl ' O -1/A? best fit value ® +1/A? best fit value
A (TeV) ! A+ (TeV) —— allowed +1/A% range at 95 % C.L.
' A [Tevy A" [TeV]
LL 1.6 e — 2.8 vV | 7.0 —d— 6.5
H AA |53 = 0Z—a— 46

RL 2.0 e 3.3 x1 | a0 27

VV 55 —: 53 X4 56 5.6

AA 41— 2.5 o |og oo

VA 3.0 e 2.9 ut e ————— 36
: u2 | 58 ; e ; 53
LL+RR 3.9 e——— 3.7 Uz |s8 000 —de— 52

— 59

' Ujg | 6.4 i
RL+LR 44 — et— .4 ol =
| 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 I 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 UG R I 3.7

5 0 5

-0.1 0 0.1

eA (TeV) +1/A2 [TeV?]

HERA, LEP, FNAL : all have similar 95% CL limits in the TeV range
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BSM: R, violating SUSY

Sear chesfor squarksin R, viol. SUSY

~ 180 T T T T T T T T T . s
g | imi ’
¢ [ Hlpreliminary [mSUGRA,j=3 |
=, 160 |- tanB=6,1<0,A =07
ot ]
S |:| excluded for A’ ;= 0.3
wf -~ - n
L “\‘\ \\‘0)@)\ i
e ) R
100:* T = \S)i% \(\;G[/
4 \C\’\e[, AN
o) N ]
of %, ;
@,
40 J ]
|
20 ]
0 { f 1 1
0 50 100 150 200 250 300 50
m, (GeV3)

Zeuthen Seminar 22 October 2003

Th.Naumann

SUSY-Top
may be lightest squark !

Minimum Supergravity +
Rp violation :

sensitivity to R, violating stop:

HERA 1: ~ 270 GeV
Tevatron Run 2: 200-250 GeV

HERA 2 : discovery potential !

DESY Zeuthen 52
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eqq _
(veoaq)

1j1

Study several 10

leptons + jets channels

No significant

10 -

deviations from

expectations

3

R, violating SUSY

Search for g in R, Supersymmetry

eg.etd—ag...

Searches for squarks in R, viol. SUSY

Unconstrained MSSM, j=1,2

70 <M, < 350 GeV
M, ¢, > 30 GeV imposed |

......
=

1 L 1

100 120 140 160 130 200 220 240 260 230

M, (GeV)

[SETD

10

10 T

egd.e u— (ER. -

Searchesfor squarksin R, viol. SUSY

Unconstrained M SSM, k=3

-300 < 1 <300 GeV |
70<M, <350 GeV
M gp > 30 GeV imposed

| | | | l\-llprd\lmi\nar\y

100 120 140 160 180 200 220 240 260 280

quuark (GeV)

mg < 275 GeV excluded in large part of parameter space for A’ of electromagnetic strength

22 October 2003

Th.Naumann

DESY Zeuthen
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BSM :

Leptoquarks

itivity on Scalar Leptoquarks

SCALAR LEPTOQUARKS WITHF=0 (S,,.) Future Sens
o 1
2 oo}
T a
g 08 [ TEVATRON :
= o7F |L=15®"
-2 0.7
. L3 indir. limit 2 o8
Preliminary & ost
7/ L
ZZ 7EUS limit 2 04
] = O
I A1 direct limit | g 03 f
(e p, Prelim.) . & 02
TEVATRON lim. | .
N T R B P PR N B ’
150 175 200 225 250 275 300 325 350 375 400 q‘

Mo (GeV)

T
Laoaaaliaeal

ot

HERA competitive for small branching ratios:

HERA 1 limits compete with LEP and Tevatron Run 1
HERA 2 limits compete with

Zeuthen Seminar

22 October 2003

Tevatron Run 2

Th.Naumann

DESY Zeuthen

LQ H1 LEP
(RPVq) | Mg GeVig

S,L 710 2150
S,R 640 1700
S,R 330 660
s, L 850 590
s,R 370 770
S,L 430 -
S,L 490 1190
V,L 730 3030
V,R 580 540
V~,R 990 1610
V,,L 420 1000
V,.R 950 750
V~,,L 1020 580
V,L 1360 2170

A.Zarnecki, EPS 2003, Aachen
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BSM : anomalous couplings

Limit on anomalous top coupling

N T { T { T { T T { T T { T
>3 Kyyy™Veuz EXClUSION TEgiON
1 ZEUS (prel.) 94-00 7
M 4, =170 GeV
0 87 M 4, =175 GeV ]

M 0, =180 GeV

———> Excluded by CDF —

Flavor Changing K V=0 ]
Neutral Currents: i_, Excluded by L3 :
single top production P R S WP

Ktuy

HERA has exclusion potential !
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BSM : Lepton flavor violation

" - (] AZ"!.
Limits on }'”—2‘ for F=0 LQ's:
. o 0
C T 3 H v + I I8 R rL i L
wd; || Stz | Sie 51;2 Yo Yo Vo Vi
11
12 [ 1 1
(13 ] - .
' 22
bt 23 - -
31 - -
HERA 2 : 32 -
i3 - -
hi . . - At
igh discovery potential HERA will set most stringent limit on =
in many channels : -; HERA will set most stringent |imit on -lifi——
if limits from rare B-decays do not improve by factor > 2
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Extra Dimensions

(4] 3 L L] Trrrm L L Trrrm 1 1 1 L LB LA 1 L LI L BLALAI 1 L]
o] [ | T [ T T
EE | e [ e
o, [ — mzs80Gev A=+t [ — M=770Gev A=+ 1
° [ M,=610GeV  A=-1 i - Ms=730GeV  A=-1
‘b 2 - combined limits: — combined limits:
3 S M =820 GeV A=+ e M,=820 GeV A=+
'8 - © M=780GeV  A=-1 - e M=780 GeV A=—1
1
o L L l]llIII L L llllIII L L1 1 L IIlIll[ 1 L Illllll 1 L1
1()3 104 103 104
Q? (GeV?) Q? (GeV?)
TeV M, M,*
LEP (Hewett) 1.2 1.
H1 (GRW) 0.780 0.820
DO Run I+l 1.37
HERA 2 ~1
M.Sanders, EPS 2003, Aachen
22 October 2003 Th.Naumann DESY Zeuthen
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BSM : Search Strategy

model beam best polarization

charge left right
fight handed e €q — VR
currents (CC) (Wg)

+
Susy et ep =
Rp Violating ﬁ;,.f?'[_,f_r,
e ei —a
dﬂ?ﬁﬂvbﬂ

anomalous lop e+ lL.r

HERAZ2 :

Polarization + Lumi
will help to sharpen limits

Use maximum possible energy

Zeuthen Seminar

22 October 2003

Th.Naumann

F=0 Sl,”i!""b
F —_—
Leptoquarks i Al I
+ 3L
fR — bl,"2
F=2 S0. Vi 52
= 9L | o 3R
Leptoquarks e; =Sk | e — 8
e; — VI

Contact Interaction various
Quark Radius
Large Extra Dimens
Excited Fermions e, = Jp t‘; - f!:_
Excited Neutrinos €, — Vp
DESY Zeuthen
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HERA 2 : Discoveries

HERA 1 100 pb'e*: H1 10 high p, multileptons for 3 expected
HERA 2 1000 pb' ?

L, =500%L - -
; 30 MC DATA S\ 30
[P] [P}
) a) S | b)
MF‘ MH
R 60 P60

40 _ e*‘}ﬁ[ | 40 _—|—M

20 20 -
0 il L i f I 0 il |
10 10> 10 10
M, ev(GeV) M <(GeV)

Zeuthen Seminar 22 October 2003 Th.Naumann DESY Zeuthen 59



HERA 2 Summary

HERA 2: take up to 1 fb-' with e* and *A till 2007

high precision NC and CC data up to highest possible x and Q2

« measure F,(x,Q?), xF;(x,Q2), 6..*(x,Q?), ...  Look beyond the standard model
« disentangle flavor content of proton for :
« further constrain PDFs - leptoquarks
- SUSY

° . < 0 ~ -2

gluon: g / go 3% atx~10 - contact interactions
* get o, to <2% - single top production
 understand heavy flavor production - excited fermions

- extra dimensions
- directly measure F,(x,Q?) to test QCD -

with ~10 pb™" at 3-4 proton energies - the unexpected !

* need theory: NNLO !
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HERA 2 Temple

in Paestum, Italy

o © 1998 Lourent Aucher / Arnold Gallardo

and

UPGRADE

22 October 2003 Th.Naumann DESY Zeuthen
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