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What kind of QCD/EW physics can be done with a
(20-150 GeV) x 7 TeV ep collider with integrated
L~1-100 fb-17?

1. DIS
2. Jets
3. Heavy flavors

4. Electroweak physics

Most work completed, writing in progress
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1. DIS at LHeC



[at | [ T T IIIIII| T T IIIIII| | T IIIIII| | T IIIIII| T | IIIIII| T I T TTTTI T T TTTTT]
>
Q LLHeC Experiment:
O 106
= 10~ = L1 LHeC grand High mass 1-2 TeV
& - HERA Experiments: ~ ry few times 102°m
10 5 :_ [ 1 H1l and ZEUS pICture _:
E Fixed Target Experiments: _
L 3 mMe Large x
10 4L BCDMS
- T E66S High precision
- partons in plateau
;| ) StAcC of the LHC
10 7 =
10 2 = Nuclear E
- L -
0 " | High Density Matter i
; Structure N ;
B & dynamics 7
-1 10 ]
10 = E
E | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| | | Illlli
-7 -6 -5 -4 -3 2 -1
10 10 10 10 10 10 10 1

X




NC - events

Pseudodata: Neutral Current Event Rates

Electron-Proton Scattering - Rates
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and beam energy to
disentangle contributions
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Trivial, but
important:
largest Eyq,,
allows highest
Q? scales



Photon and Z exchanges are 1:1

1 - -
B L
L ®
P
oo w L'_._ _
0 — _———--’_'________—_F ]
i F,
i yZ
- ZZ
_ _1| pevod v vvewl v vl oyl
Wk 100 18 10°
o,(e ,P=-0.9) Q/GeV’
1 — -]
B L]
| " "_._. —.—.—.—.—._. _
ot —— 4
_ _1| pevvd vl v vl vl
W 1 100 18 10°
o.(e P=0.9) Q’/GeV”

x=0.2
100 GeV
7000 GeV

2 charges and
2 polarisations
very desirable

for electroweak
precision physics
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new spectroscopy
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Z effects depend
on lepton charge and
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']mrz 10° 10° 10° 10°

o.(e" P=-0.9) 0'/GeV*

1 100 100 18 10°
o.(e" P=0.9) Q*/GeV’




xF} (x)

Charge Asymmetry xr,”

® LHeC
0 ZEUS -
-
: |%| |
* T ] 'él_
“10° 10 BT T ;
A = (i

oFy? = 2ufeyay,(u, + A,) + eqaq(d, + Ay)]

‘Ad — (dsea

60x7000 GeV?
P=0
10fb-!
— U+ ¢ — 7T
—d+ s —73)



Charged Currents
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C’;t,cc =5 (W5 F Y—+5‘5W3i - Y—+W£_L)
W = 2(U+D),aW; = a(D -T), Wy =2(U+D),aWys = (U — D)
U=u-+rc U=u+¢c D=d+ s D=d+3

ofcc ~ U+ (1 —y)*xD,
Orcc ~ xU + (1 — y)*xD
orne = [cu(U +TU) + ca(D + D)] + tiz[du(U = U) + da(D — D))
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Complete unfolding of all parton distributions
to unprecedented accuracy



Pseudodata: Charged Current Event

CC - events
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Electron-Proton Scattering - Rates
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LHeC Max Klein - Scenarios and Measurements longfGeVz

LHeC: expect ~

two orders of
magnitude
more events
+ better
coverage for
x>0.5
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Strong Coupling Constant

Simulation of o, measurement at LHeC

T
fine structure

101

Q [GeV]

MSSM - B.Allnach et al, hep-ex/0403133

DATA exp. error on o
N :
C 0.41%
NC & CC 0.23% =1
a1 @ 0.36%
o +BCDMS 0.22%
= +BCDMS 0.22%
w stat. *¥= 2 0.35%

T.Kluge/M.Klein Divonne 09

o, least known of coupling constants
Grand Unification predictions suffer from da.,

DIS tends to be lower than world average

LHeC: per mille accuracy indep. of BCDMS.
Challenge to experiment and to h.o. QCD
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J.Bluemlein and H. Boettcher, arXiv 1005.3013 (2010)
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Strange (=? anti-strange) Quark
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Neutron Structure (ed > eX)

d/u at low x from deuterons

(relaxed low x assumptions in the fit)

Q2% =4 GeV?

uncertainty on d/u
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(13) There are five color-singlet combinations of the
deuteron wavefunction in QCD, only one of which is the
standard proton-neutron state. The “hidden color” [13]
components will lead to high multiplicity final states in
deep inelastic electron-deuteron scattering.

crucial constraint on evolution (S-NS), improved

a

Plenary ECFA, LHeC, Max S

Klein, CERN 30.11.2007
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In eA at the collider, test Gribovs
relation between shadowing and
diffraction, control nuclear effects
at low Bjorken x to high accuracy




@K" Studied LHeC simulated scenarios

= Studied scenarios (produced by Max Klein)

Scenario B:
- - - o E(e*)=50GeV
config. E(e) E(N) N IL{e ) fL(e} |Pol] L/10°" P/MW years type
o E(p)=7TeV
= +
A 20 7 p 1 1 - 1 10 1 SPL o Pol==+04
o Lumie*p =50 fb
B 50 7 50 50 04 25 30 2 RR .
P o Lumiep =50 fb
C 50 7 p 1 1 0.4 1 30 1 RRIlox
D 100 7 p 5 10 0.9 25 40 2 LR = Scenario H:
E 150 7 p 3 6 09 18 40 2 LR o E(e) =50 GeV
i _ o E(p)=1TeV
F 50 35 D 1 1 - 05 301 eD
o Pol=0
G 50 27 Pb 01 01 04 01 30 1 ePb o Lumiep=1fb
H 50 1 P -- 1 -- 25 30 1 lowEp

= The central values of the cross sections are based on the HERAPDF1.0 settings
= The uncertainties are taken from the simulated tables (Max Klein)

Same settings as for HERAPDF1.0 has been

used
Voica Radescu LHeC Workshop, Chavannes 2010 14



ImEact of LHeC on PDFs: gluon

Impressive impact of the LHeC simulated data on PDFs:

o At high x (see linear plot) and at very low x (see log x plot)!
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* All uncertainties are shown at the starting scale Q2=1.9 GeV?
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Impressive impact of the LHeC simulated data on PDFs

o At very low x (see log x plot) and at high x (see linear plot) too!

2

1.9 GevV®, Experimental Uncert.

HERAPDF1.0 settings, Q2

[ T
i o g
i fei e
i g g
i o g
i o S
| et et

e

3 g k
g
B
g
o
g
et
e
g
o
s
s
] e,
b R R
s S
g '
& %
o i i
e i i
e s e
e s e
—
e i i
e i i
e s e
o s o
~— %
e -
s
h
s
Q g

B L S

AR
] Passomsasasars
5. e e
] RS
] AR
e e S S e
it et wiatetetets eatatet

PR Le it s

B . e PR

Erieeretet B R M

R B R R R R R

R B R R e

R R LR LR R ey

BEREEE R

(x)nTbx *oun *Tax

0.0001 0.001 0.01 .

le-05

[Consistent with E.Perez]

CTEQ 61

ToJad==F=] |1...._.._.._.|...__.-_ T x
Q
i
(=]
™
&
L=
3
=
E
7]
(&
Q
XL
-

=== ZEUS 2002/ CTEQ 61
10

------ MRST 2004 / CTEQ 61

10

(x)B uo Ayurenasun

6

1

LHeC Workshop, Chavannes 2010

Voica Radescu



u valence

Impact of LHeC on PDFs
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1.9 Gev”®, Experimental Uncert.

HERAPDF1.0 settings, Q2
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Similarly for u valence (linear and log plots are shown)
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»

2x(useatdsea)

rel. unc. xSea(x)

Impact of LHeC on PDFs: sea = 2(useatdsea

Beautiful reduction of the uncertainties given the precision and kinematic span of
he LHeC simulation.

. 2 2 .
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Accurate high x sea is important to study production of heavy particles at the LHC, e.g. Z'

Voica Radescu LHeC Workshop, Chavannes 2010 18
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Q?= 100 GeV?

Proton PDFs Claire Gwenlan

» only PDF parameters free
(LHeC NC and CC e*p included)

scenarios: A, B, C,Dand E

E. (GeV) P L (e-:et)
A 20 0 2 (1:1)
B 50 0.4 200 (1:1)
C 50 0.4 4 (1:1)
D 100 0.9 30 (2:1)
E 150 0.9 18 (2:1)
examples with several difrerent Q<

values are shown in backups)

* acceptance for scenario B has been taken
tobe: 10 <8 <170°




Discussion on pdfs

* LHeC is clearly a wonderful toy for such physics

« Comparisons here with Hera only, better to compare with
fits including present non-DIS data as well

* More flexible parameterization shown by Voica, may
need further investigation

 NNPDF might cover the last two topics to give us even
more confidence (a last effort, please!)

« LHC will have important effects on pdfs, but depth and
uniqueness of LHeC are undisputable

21



2. Jets



O(a) processes: Jets

+
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Jet production
DI | Photoproduction |
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NNLO THEORY (T. Gehrmann et al.)

> NNLO calculations are ongoing. Matrix elements are either
= already derived (NLO corrections to 3-jet production in DIS, Z. Nagy, NLOJET++) or

= Contained in work by Gehrmann/Glover (for the two-loop 2-parton final statel.
i . PLB676(2009)146
> Required: subtraction method!

= Gehrmann et al.: antenna subtraction method (for DIS). | asgdea i

1
: : \
I—" T I i
L —{ Ej

k i

7 j I ) j

Double-unresolved
i

fos %:
:L

JEHP1001(2010)118

: j
- )%Ci:
- k
B i
i i
Single-unresolved l:

= Currently implementing method into program for DIS jet production..e .

Thomas Schoerner-Sadenius | Jets @ LHeC | 12/13 November 2010 | Seite 38 | OESY |
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3. Heavy flavors



O(a,) processes: charm & beauty
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F2bb x 8’

LHeC 7000%x100, 10 fb™', b-togeff. 0.1 O.Behnke
- RAPGAP DIS BEAUTY leta(b)l.lt.4 pt(b).gt.1.5 B e a U ty

107
LF . x=0.000001 ey | e roteon, 1o :
1071 o Q >>mb x = 1.86-06, j=23 In DIS
17[ e =
10
150 (b) LHC, s =14 TeV, MSSM, tanB=10
10 — I~ F
S
- 10
13 o 10%
10 - [ ] — x 1.0 )/,
° k] x=186-04, j=15
o -3 x = 32604, j=14
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o ° x=10E-03, j=12
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¢ . o x = 3,26-03, j=10
) e o © % ,fJ i;',.’), j :d
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® e e @ o] x=18E-02, j=7
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© o006 ¢ 0O x=326-01, j=2 In MSSM Higgs productionis b
* x=56E-01, j=1 .
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X= 0 . 2 o o o © ©0 0 o0
LHeC F2bb measurements can be
B e N B — 5 used to determine precise b density
10 10° 10 10 in the proton
2 2 .y
Q" (GeV") Competition from LHC:

. )
Also for charm: F,c will become precision b+Z production also
testing ground for QCD and proton structure sensitive to b(x,Q2)
L



Inclusive photoproduction of U* mesons at LHeG | SustayXramer.

' do/dp, (nb/GeV) do/dpp (pb/GeVy T T
GM-VENS ep—eD X ” .2 GMAVENS ep—eDb X
10 F : N ET=276.50.100, 150 GeV
ES=276.50. 100, 150 GeV -, EP=1920,7000, 7000, 7000 GeV
W EP=020,7000, 7000, 7000 GeV RN
RN 1B N, 25<y<25 |

25<y=<25

s LHeC

i
I

10

Test of applicability of different mass schemes for charm production



4. Electroweak physics



Electroweak physics @ HERA

Polarized CC cross section
In the SM the charged current is purely LH

Po= B3 obe(P) = (£ P)oio(P.=0)
linear dependence on I Charged Current e'p Scattering

120 T T ]

a & ep—vX
5 [\ HERA [+1] | H1 Data 2005(pret,)
e = H1 Data 96-99 —
4« ZEUS Data 04-05(prel.) -
& FEUS Data 98-99 |
e'p—+7X _
# H1 Data 99-04 -
& ZEUS Data ﬂE-ﬂT{pteI.]:

& ZEUS Data 99-00

Limitson Wg L e

80—
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60—

\.\

- € s Q400 GeV?
- - y <09 ‘
I W S U T S R R S S S R S S T
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comparison with ZEUS fit (base to which LHeC pseudo-data added)
» still to come: HERA-II NC e*p data in ZEUS fit; H1+ZEUS combined HERA-II results

HERA+LHeC fit HERA+LHeC fit

:ﬂ.ﬁzr|1]|||||||: 2 [T T T T T[T P T T[T T T [TTTT]
n_.l:_-IEl.Bﬂt _: 'UE'— B zEUS fit b

) E | + LHeC scenario D E L 4+ LHeC scenario D

0.3F = i
0.2f . 2L ]
I _:
of com ] h com
'ﬂ '__ 1 I 1 | 1 : _1 [ 1 | || I 1 011 | 1 01 I 11 1 i
4.2 0.4 0.6 0.8 4 05 0 0.5 1
a Ay
u-type quark couplings d-type quark couplings

P Gambino LHeC workshop 11/11/2010




LHeC scenario D

comparison with other experiments

» still to come: HERA-II NC e'p data in ZEUS fit; H1+ZEUS combined HERA- results

HERA+LHeC fit HERA+LHeC fit
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By itself, a better determination of quark NC couplings will
constrain some exotic scenarios that modify only light quark
counlines (non-univer<al 7' R-paritv violatine susv) After | HC?



Summary

DIS: great opportunities for higher precision in
gluon, flavor decomposition, s/sbar, a,

Jets: very interesting pQCD tests, theoretical
developments (NNLO closer) will allow precise

Us

Electroweak physics: NC couplings of the quarks
can be measured to ~1%.



