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L A story in two episodes

e Episode I: ‘The baseline’

< The LHC, ATLAS and CMS

< QCD at the LHC: why, what and how?

< Physics topics
O Jets: partons and a  determination
O Drell-Yan and W/Z: partons
O Direct Photons: partons and a, determination
O BFKL signatures

e Episode 11: ‘Beyond the baseline’

< Forward Physics

< The TOTEM experiment

< Physics topics
O Exclusive (and non-exclusive) central production
O Two photon physics
O Forward production of hard probes

< Scenarios for LHC upgrades

< Outlook
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W\ The LHC and its parameters

e pp collisions @
s = 14 TeV

< 1104 dipoles
withB=83T
(NbTi @ 1.9 K)

e 25 ns bunch
spacing

< 2835 bunches
(10'p/bunch)

¢ I-deS|gn _
1034cm-2s-1

(® 100 fbt/

year)

< 23 inelastic
events / bunch
crossing

LHC PROJECT

— | HC Pf ojesct Structure
s LHC Excavated Structures

1 ST-CE/jr
e | HC Completed Structures (CE) ATLAS 2671 12001

== LHC Completed Structuras (A4, TV, EL, HM)
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\ Present LHC schedule

O As of January 2001 (watch this space for updates ... !)

e Apr.-Sep. 2004 sector test with pilot beam
e [ebh. 2006 first beam
e Apr. 2006 first collisions

luminosity of 5-10* 103> cm=2 st

e May-July 2006 shutdown
e Aug. 06 - Feb. 07 physics run

luminosity of 2* 1033 cm=2s!

leading to L =10 fb!

integrated

e Mar. O7 - Apr. 07 heavy ion run
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From inside

A Compact Solenoidal Detector for LHC )

[crrsTaL ECaL | [Heal |
CALOPMET ER |

=

Total welkght + 12,5001,
Overalldlameter: 13.00m

Overalllength  : 21.60m [PETUPM YOKE |

Magneticflekd : 4Tesla CMS-PARA-DD1-11/07/97 JLB.PP
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Tracking
O Silicon pixel
O Silicon strip
calorimeters

O PbWO,
crystals for
e.m. part

O Scintillator
based for
hadr. part

4T solenoid

return yoke
iInstrumented
with muon
chambers
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The ATLAS experiment

: 3 o T e
e B L e . - = it o I S A,

2 Detector characteristics
Muon Detectors Electromagnetic Calorimeters — g::gter' ;;ﬂ
A :
VAN i\ : Weight: 7000t
// \ \ Solenoid ' ‘ CERN AC - ATLAS V1997
S L \ L\ Forward Calorimeters
b \ \\ ¥ End Cap Toroid

Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters

e not shown
< trigger and data acquisition

& software (offline reconstruction)
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From inside out:

=

=

Inner Detector
o Silicon pixel
and strip
O Transition
radiation

tracker
(TRT)

2T solenoid

e.m. and

hadronic

calorimeters
o LAr and

scintillator
tile based

air core toroids
and muon
detectors
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Muon Detectors Electromagrietic Calerimetars

Farward Calorimeters

ind Cap Taroid

-.I'-'-'E;-!'-'_'-.

MDT chamber assembly

Tile Calorimeter Module(s)
Stefan Tapprogge, HIP Helsinki page 8



Coil winding machine for solenoid

CMS
A Coinpact Solenoidal Detector sor LHC
MUCNCHAMEEPS TRACKER CAYSTAL ECAL
CALORMETER 7Y

Total wekjht : 3
Overall dlameter: 15.00m

Ovemll length  : 21.50m

Magneticfleld : 4 Tesla CMS-FPARA-DD1-11/07/37 JLE.PP

CMS HCAL half barrel (absorbers)
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W\ The LHC physics programme

e Precision measurements
to 1.5 GeV -

< m,, to 15 MeV, m
< TGC, sin? g#ff, ...

e Higgs physics

< discovery(SM): full mass range

O mostly several
< determine prope

O mass, width, B.R., spin (?)

< A H and H*f can n

top

channels
rties

ot be

discovered over full

parameter space

e Physics beyond t
S SUSY: ¢, g up to

< W'(Z') bosons up to 4.5(6) TeV
< compositeness up to 40 TeV

he SM
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e Detectors have been optimized for high p; signatures
< Needed for Higgs discovery and measurement
< Search for new physics beyond the Standard Model

e precision measurement of e, g, m t, b-jets:
< tracking: |h] < 2.5
< Tine granularity calorimeters: |h| < 2.5
< muon system: |h| < 2.7

e measurement of jets, missing transverse energy
< calorimeter coverage extended up to |h| <5

e ingredients for precision measurements

< knowledge of the energy scale
O for leptons (electrons and muons): aim is 0.1%
O for jets (b-quark jets and light quark jets) aimis 1%
< knowledge of the absolute luminosity
O normalize to parton-parton luminosity ? (e.g. W production)
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|\ ATLAS and CMS performance

ATLAS CMS
Air-core toroids + solenoid 1n nner cavity|  golenoid
MAGNET (S) | Calorimeters outside field Calorimeters inside field
4 magnets I magnet

S1 pixel + strips

S1 pixel + strips
No particle identification

TRACKER TRD — particle identification

B=2T B=4T
G"IIPT ~ 5%104 Pl""‘-P' 0.01 G:"rpr ~ 1.5x10* Pr @ 0.005
Pb - liquid argon PbWO. c 1
5 , crystals
EM CALO G6/E ~ 10%/NE  uniform G/E ~ 2-5%NE
longitudinal segmentation no longitudinal segm.
HAD CALO Fe-scintillator + Cu-liquid argon (10 A) | Cu-scint. (> 5.8 A + catcher)
6/E ~ 50%/E ® 0.03 G/E ~ 65%/NE @ 0.05
Air = o/pr~T%at 1 TeV Fe — o/pp ~5% at 1 TeV
MUON . :
standalone combining with tracker
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L QCD at the LHC: Why?

5__—

e QCD is one of the least well tested parts of the
Standard Model

< Interest ‘per se’ (new phenomena at energy frontier?)

< precision measurements of QCD observables

O strong coupling constant a_, parton distribution functions
e and all the other ‘tests of QCD’ ...

e Knowledge of background (and signal) processes essential
for searches and precision measurements
< QCD controls production of (almost) everything
higher order corrections difficult to calculate
iImprove modelling of Monte Carlo generators

Quantify (and improve) uncertainties due to knowledge of parton
distribution functions

O 00
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e the strong coupling constant (up to O(TeV) ?)
O using jet production (jet shape), photon-to-jet ratio, ...

e parton densities of the proton

QO small x values (for large Q2 )

Bjorken

e Study QCD dynamics in new kinematic regions
O BFKL signatures

e structure of minimum bias events
O Understand jet production at small E; values (jet veto!)

e diffractive scattering

e LHC as a Pomeron-Pomeron collider with Gs = O(TeV)

e exclusive production of central states
O precise (model independent) mass measurements

e heavy ion collisions (not discussed here)
< Including p-A, understand nuclear structure
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'QCD at the LHC: How?

e High p-; signatures 0% e ey
< Jets %ot T |
2 photons 10’ Tevaon  LHC 1
< W/Z bosons and Drell-Yan | '
o electrons, muons 9 5 5 =
2 heavy flavour production _ e
O b-quark jets, (B-hadron studies) ° o (> \s/20) ' | ° ;r.i
e other signatures = g . @
< minimum bias events o | °z -
. Gjet(ETJEt > 100 GeV) _ _ 3
< leading protons 10" 5 5 0 £
O elastic/diffractive scattering ' ©
< rapidity gaps 10° i/ 10?
O tools for new physics searches 0o (E > s/4) ' 5
< event multiplicity 107 [ OriggeMy; = 150 GeV) 10*
e huge range of cross-sections S11g(My = 500 GeV)
2 need for efficient online L 1o

selection (trigger)
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W Proton structure from HERA

e QCD dynamics at low x? c gl 10 V2
< Rise of the gluon Jp—— | |
density cannot 7\ JROD (HERA D)
h continue for ever
. P O Saturation, parton- FRE-HERA part
parton recombination x
.08 ZEUS ol
w ZEUS NLO-QCD Fit Q’=10 GeV? -
0.7 (prel.) 2001 .
[ tot.error Xu, HE;H (]
0.6 stat.error .‘-"'i
0.5 8
0.4 &
0.3
¢ 5
0.2 xS(x005) E
0.1 2| Q'=5 GeV 8
) exp. uncertainiies anly o
2
" _-3 E) 1 ° o o o2 o i
10 10 10 ] ‘ ] L
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W\ Partons in the proton

ﬁ b T,
10 |- T
5 L] L] -
10° | saturation region
) " LHC - 14 TeV
1“ — - h T T
. R .l VLHC- 6TeV
T R BOOSTER
3 ~ . -
S ULl S @ ﬁ A pa—
— 2 S- R TEVATRON
B € |« 3 AN Tl 2TeV
2 it = o t-ﬂ R .
10 |— EIJJJ E " ’\B. O -
£ e i % é,””j} HERA
10" o = NN
| = GLAP evolution — @
o, lnQ)"
10’ A ) |
1 1 10 100 1000
2 2
Q (GeV )
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e Proton structure at LHC A
. [ Xyp= (M/14 TeV) exp(zy)
< highest Q2 values (108 GeV?) oL aw | M = 10 TeV
o with reach to small x : Rl s
< e.g. production of W/Z bosons o xls o
(Q2 » 10% GeV?): 5¥104<x< 0.07 z 4 e L
e Wide range of signatures T L
o W/Z, Drell-Yan, jets, g, .. —~ 10°
o Different sensitivity toquark 3 | N N
and to gluon distributions T 0tE M=100GeV 0
c\b C v

e Important: pdf’'s with errors!
< To move away from comparing
different parametrisations
e Extension of rapidity
coverage beyond 2.5 (5) ?

< To access really low x values
e Needs small M ! 107 10° 107 10t 10® 1w 1! 10

< See Episode 11 X
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e
:

Jets and partons

® 0= =1

e Access to smallest scales (highest E;)

=L

< due to large cross-section (wrt to g,...) ::: _I]EL;CD
e uncertainties 2 o\
2 how to best define a jet i‘{m
O CONE vs. k; algorithm(s) .
e e.g. usage for jet shape measurements e
<2 energy scale for jets ot bl :::H J
O e.m. and hadronic showers components Eaeat
O extrapolation to highest E; necessary A e
 limited reach in E; of in-situ calibration Lo T
o effects of the underlying event (low E;) 7"} i
e parton densities from jet production o i L
S access to largest kinematic range R
O due to largest cross-sections o
2 very high Q2 possible
< BUT: mixture between quarks and gluons ‘ ! : :

Stefan Tapprogge, HIP Helsinki page 19



31 N

areinent

Q
AEEEEEEEEER

- =

Tevatron results: dl—jet productlon

e LHC will cover the region
down t0 Xg;open » 107
2 large Q? values: Q®103GeV?

e CDF di-jet results:

Stefan Tapprogge, HIP Helsinki

1 — 25 —
B Tfaloi<myi<o7 %E b) 0.7 <l < 1.4
% 08| JETRAD v2, CTEQ 4M g 2
> Rsep = 1.3, u = 0.5 E oLT — CTEQ 4HdJ
Y 0.6 e MRST
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l.
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‘a, determination using jets

e Study the variation in the shape of the inclusive =~ " [T T
_ . 0.12 i ®» MRSAP, A=564 MeV ]
jet cross-section o F0M5 | Arcomstuced S9NV

-,g 14 ESAAPii‘iN;::4TeV,.1.s<THH<1.s . g 011 ]
® S m (Ey) = Eus [ e e 1 ous
2 PR S P E .
d S/dETdh /Sjettot : i 0.009; i
% 1 = 0.09i
: 0.9 _ 0.085
< Shows ' : 0.08 -
o8 E I L S ALY T
dependence - ‘ . . ‘ ‘ ‘ - 075 000 20|00 30|00 40|00 5000
On L Value 500 1000 1500 2000 2500 3000 SsoE?r(GeV4)000 ET(GeV)
QCD 1.1EIIIlIIIIlIII\|IIII|II\I:
e Parameterise the normalised cross-section as 21075 o MRSAR, =561 MY (Ef
L reconstructed/generated G .
1.05 — —
:> Snorm - a(ET) T b(ET) aS(ET) 1.025;— —i

e Determine the coefficients a and b using NLO 1 z@a#*“*++++{

calculations 0.975 - E

2 will depend on parton distributions 18 E T ERAS R T

0.925 — —

e Unfold a (E;) from a ‘measured’ cross-section oo Eooliiii Loty
. . 1000 2000 3000 4000 5000

< See plots on the right for consistency check Er(GeV)

H. Stenzel, ATL-PHY S-2001-003
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| 2. determination using jets

O Pdf and parametrisation

.EXtraCtlonOf aS(ET) = 0.02 I I O O I B DA O O
: = ]

< expected accuracy in total: N7 total error .
about 10% <0015 — ____ scale error _

O Dominant sources: missing Egy=14 TeV, -1.5 <n <15 -

higher order corrections 0.01 linear parameterization -
uncertainties: about 3 % 0.005 & E

< Should allow to check on 0 N e
“running” of ag up to O(TeV) Ty B e et

< experimental errors not yet -0.005 -
taken into account -

O Jet energy scale knowledge etc.  -0.01 g - PDF error —

e Reduce dependence on pdfs B TP L

< By making a combined fit of
pdf's and ag ?

1000 2000 3000 4000 5000

E_(GeV)

H. Stenzel, ATL-PHY S-2001-003

Stefan Tapprogge, HIP Helsinki
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e Final states with electrons or muons

s
E

< clean sighature (and large cross section)

O but for electrons

e background from jets
(esp. in case of W production)

e features of W production

BR=dody (ph)
=
B

< different rapidity distribution for o Giloviloiiliniley,

W+*/W- bosons (©)
O still visible in pseudo-rapidity of the
charged lepton from W decay (0)

O use to determine parton densities
(quarks)

< use W's for parton-parton luminosity?
< Measure W p; distrib. (needed for m,,)

=
B

Bf=doidy (ph)

5
=

|

© Rapidity distribution of W~ bosons
© Pseudo-rapidity distribution of leptons from W~

Stefan Tapprogge, HIP Helsinki
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W Detector Performance for Electrons§

o electron energy resolution vs. h (E; =20 and 50 GeV)
@ p efficiency vs. | h| for two electron efficiencies (TRT)
e jet rejection vs. electron efficiency (E; = 20 GeV)

— 30
5, 0 E =200V *
o) & E=S0GeV
: #
Z= .
i .
£ L
UEJ 10 . . ® 8
o
a I
a s | 15 2
"

Fion Efficiency

* OO0

|:|1_.=3l:IGe"l.’

-

Imnproved Siomalacion

.
{}G

| E.=‘IIEI
i E.=5:Iq:l

&

-_H
o ©
e
O

(2]

d 0.3 I

Jet rejection

1.8

CALORIMETER
(3] n

|
&0

70 g an

100
Electron efficiency (%)

e Aim: electro-magnetic scale to be known to 0.1%, using e.qg.

< highenergy: Z® e‘e

< lowenergy: J/Y ® efes and U® e‘e-

Stefan Tapprogge, HIP Helsinki

and E/p ratio of electrons
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B\ W/Z cross-section expectations

e AD. Martin, R.G. Roberts, W.J. Stirling, R.S. Thorne e AD. Martin, R.G. Roberts, W.J. Stirling, R.S. Thorne

in Eur. Phys. J. C18, 117 (2000) in Eur. Phys. J. C14, 133 (2000)
3.0 ¢ . W and Z Cross Sections: LHC
L EW Tevatron Z(x10) 1 o
] F MRST99,00 partons
26 E le(e) DO(e,u) CDF(e,u) DO(e) E - o anp t :
[ NMNLO 7 2 B =
T 24fF —i—F 1 —mo { ! E i s
Bl r P ———— 0 &l A =
= 29 L f S i _li;___ = °t o - :
S 1 T E of % m T 3
Fﬂ. 2o b = m3 E-————————-———-——l——-—t-—------------------------------------- 3
o S SR S N 00 00 E
L8 F E 6 18 - NNLO _
L6 | - E 7E W E
i : 16 £ :
24 3 2.2
x5 EW LHC Z(x10) ”_ :
Z : : 2.0 E—tS% -
D0} cmm—NLO L S
— E e ——— 3 M E L] -
M 18 F E w7 B 99 gll el gll 00 00 E
o 17 F = © : NNLO ]
e f Lo E “eF 7 E
15 :_ _i L5 i
14 E 3
e Clear need for NLO ® s,z known to 4% for LHC
e NNLO corrections smaller than NLO = Dominating uncertainties due to
2 NLO due to soft gluon emission as knowledge and q densities
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e Forward-backward asymmetry
In Z decays
< LEP: sin?qg '¢* to 2.3*10-* accuracy

< Determine sin?g../°? at LHC?
e Large number of Z being produced

e Size of the asymmetry increases
with increasing rapidity of the Z

< Gain in sensitivity if forward (|h|>2.5)
electron tagging possible (modest
rejection against jets: » 50 - 100)

O In combination with Z mass constraint
and a well defined (central) electron

< Statistical accuracy of 1.4* 104 possible

< Needs precise knowledge of quark/anti-
quark densities
O |h]<2.5: 5*104 < x < 0.07
0O |h|<4.9: 4*105<x<0.8

Stefan Tapprogge, HIP Helsinki

forward-backward asymmetry &

S
E ’ “‘1\&1

1 x“‘mh

i -‘R‘R‘“-,
-5 I\HII‘
Ly ml_l_":l:‘tljﬂ-'l
lh(e)|<4.9
lh(e)|<2.5

. rap:;:llrl'g,-r of a'a’ systam
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|

Direct Photon production

. . . . q ¥ q i
LO: direct access to g distribution
< two partonic processes contribute
o cf. p@ production (via fragmentation) q g g q

Annihilation Compton Scattering

Caveat: gs are produced as well via
fragmentation

—_
[}

o all partonic processes contribute E gﬁ‘;{?;ﬁ%‘%‘?\? blregty];)hrg::glrll Pomern
Apply isolation criteria | 55@82%;%223 Gy ﬁ% |
2 Needed experimentally to improve R :;:gg;g cov | ﬁ% } -
S:B ratio - Sorimmosy [ w "
S Suppress the fragmentation i " i + f .‘L L )
contribution T S .'f#ﬂ*ﬁ.+-+q,--.¢-¢..¢{.é... Lﬁ]’ﬁﬁl ........ I
O Being essentially a collinear process _ + | \‘L
Fixed target data and Tevatron data | l‘
2 asa function of x; =2 p,/Gs NLO Theory ‘
< Disagreement between data and - EP(S;;I aton distibations
theory (NLO) .| Stat and sys uncertaintics combined
O Needs to be understood! 10 - o

Xy —
Stefan Tapprogge, HIP Helsinki page 27



W\ Detector Performance for Photons

4
. AllYs

: . I === Ulncam erad ¥z
— v Comvened T _ :
3 'H E g = _Il‘____r' '-_._I-- e
> ! ‘ ...--'. -""++ L |_I+ ...-"'-"‘"‘ '1"_:_
= P 0.75 o R

2

T Ejection
eE 5
Efficiency
E
=
|

Jet Rejection
b
=

i
'

as Ao
-3 # Low Luminos iy
: (1]
.25 (2] 1000 = e © High Luminosty
a v} | a I
a a5 | L5 25 0 05 1 1.5 3 X0 40 & 20 120
i |]-l| E (GeV)

© Rejection against p®s (for E;(g = 50 GeV and 90% eff.)

< Without (®) and with (O) electronic and pile-up noise (design luminosity)
® Photon reconstruction efficiency vs. h (low luminosity)

< Tor unconverted and converted photons (from H ® ¢g)
e Jet rejection vs. photon E;

< for the photon efficiency shown in @
< Ratio of inclusive photon cross-section to inclusive jet cross-section is
about 10-3 (for p; > 40 GeV)
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Sensitivity on parton distributions

S. Fr|X|one W. Vogelsang (proceedings Les Houches 1999)

u.]ﬂ' T T I I
| In,l<1.5, o4 pdf=MRST99-1
- 4#: 1/v2elag, L=100 fb7!
005 e=1, Ap,=10 GeV

£ 000 matotetrrrerrrrrirss st i1t TIIY

0.05 — dol-dashed: CTEQSM
r long—dashed: CTEQSHJ
| dotted: MRST99-2, MRST99-3

w10 —1 . . . . |

dashed: MEST29—-4, MRESTE8-5

SR R e ol
"'*'%"—3-.-

100 200
pr, (GeV)

300

400

010
; pw}-m Ge'i-’ |73.,|--:E 5, pn:ﬂ{] Ee"-f .']IJ|*CL'1
| oy pdf=MRST99-1
4 lfw’EEi.d’u . L=100 b7, e=1, Alogpx,=0.1
0.05 P =
i i,
m:f R I R i i T i T T T T o S T S
s A A e : : ¥
0.05 [ dolted: MRST99-2, MRSTO9-3 ~~=----- ~<z=7 7 4
[ dashed: MRST99—-4, MRSTS9-5 T
| dot—dashed: CTEQSM
long—dashed: CTEQ;-IIJ
-0.10
10—4 10— 2 10-1 109
X

e Isolated photon (photon + jet) cross-section vs. pr, (X;)
© R=(sqg-s)/(sqg*+s) and X = (pPryeXp(hy+ pr; exp(hj))/C")s
e Statistics for 100 fb! offer potential to distinguish various pdf sets
available today (better constraints when using g+ jet production)

< pyq0ives no information on the shape of the gluon distribution
< X should allow direct unfolding from the data

Stefan Tapprogge, HIP Helsinki
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{ Direct Photon Production at LHC

5__—

e Cross-section for single photon production
< Huge statistics expected, e.g. 2* 10 events W|th p+(g) > 500 GeV

o for 1 year at low luminosity
< Kinematics

O X = 2E min/C e-h(max)

O X = 2E.mx/Cp ehmax)
< With |h|<2.5

O E;> 40 GeV: x>5*10% 1o

O E;<500 GeV: x<0.2 ta

daidpr [nbiCew)
E E

E

1
Ad JOg 1N 1] 200 100
J:% [Cew)

e Determination of the strong coupling constant
< Exploratory study by S. Frixione (CERN SM Workshop 1999):
< A(py) = (ds;/dpy;) / (ds/dp+y)

O ratio A of the single-inclusive jet cross-section
to the single inclusive photon cross-section

< Proportional to a, (at leading order), dependencies on the parton
distributions cancel to first order
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W\ PDF’s with uncertainties

J. Huston et al., Phys.Rev.D58, 114034, 1998

20 |-
15 = Gluon Variations That Are Consistent
10 15 With DIS+Drell—Yan Dota Sets
5
| =
—4 -3 ~2 0.1 0.2 03 0.4 05 <
10 10 10° ot S
l_
O
o] =
10 x{us+ds)/2 )
O
x
10 “L o
0.1 02 03 04 :
% Q = 100 GeV
0.08 101‘ 1lcr’ 1|o"“ 011 0.2 0.3 0.|4 DI.5
0.06 x{dg—us) Parton x
0.04 +1s | ® Many more groups are working to
quantify the uncertainties
0.2 X (d-.r‘l' ds} 0.02 ; . Pes .
5 Bl 5 i < AD. Martin, R.G. Roberts,
0.1 0.2 0.3 0.4 05 0 0.1 0.2 0.3 0.4 0.5 W.J. Stirling, R.S. Thorne
X X 2 W.Giele, S. Keller
S. Alekhin, Phys.Rev.D63, 094022, 2001 < WK Tung, J. Pumplin
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Parton-parton luminosity

J. Huston et al., Phys.Rev.D58, 114034, 1998

Lo(M) = = [ P g M)y 2, M)

(1dL/d7)/CTEQ4M

e Uncertainty to produce a
system of mass M / (ts)
< Known to better than 10%
In most regions

i O E.g. th | tf
S. Alekhin, Phys.Rev.D63, 094022, 2001 Hi%] g Srgr(;iitrignevan or

1%y (GeV)
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|

e
:

Pertubative QCD & parton evolution ¢

e DGLAP: summation of log(Q?)" terms
< Determines Q2 evolution of F,

e BFKL: summation of log(1/x)" terms

< Determines x dependence of F,
O BFKL Kernel at leading order >  Xxg(x) ~ x9°
O BUT: large NLO corrections 2> xg(x) ~ x02

e CCFM: evolution in two scales

e How to detect the presence of BFKL effects (and more,
e.g. saturation)?
O Inclusive measurements (e.g. F,) not conclusive
< Study more exclusive processes

O Di-jet production at large rapidity separation
e “Mueller-Navelet jets”

O d2s/dDy/dDf (pp = j+X+j), where Dy=Dy(j,.j,) and Df =Df (j,,j.)
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B\ BFKL signatures using di-jets

e Large effect in hard subprocess e Study azimuthal de-correlation

cross-section is reduced due to between the two jets
folding with parton densities L.H. Orr and W.J. Stirling, Phys. Lett. B436, 372 (1998)
I R IR IR R R S L M R
102 = pr>20 GeV Y =-ya=A/2 — [ ¥ BFKL MC:
F 'n-_hﬁ;_ s E Tevatron, pp > 20 GeV :
L il e _ -~ LHC, py > 50 GeV H
. ol L .. — LHC, py > 20 GeV {
,g B b i ™
T [ =C iy I 06 | &
™ 109 KH&‘H T-x-.h_“ 3 L
o ? L
o s e
= » pr>50 GeV ™~ - 3 04 P . aaH, LHC:
\l-:? 1o i ' . —="pr > 50 GeV
s L -- Naive BFKL s, " Pr > 20 GeV Ssg_ :
1072 =~ ----QCD LD 0z ST e
F BFKL MC -
) LT 0o | | i e S| ]
0 2 o 2 4 6 8 10

e LHC detectors (baseline design) offer a range of -5<y <5
< Experimental issue: how low in E; can one trigger such events?
O Forward energy/jet trigger will be available up to |h|=5

< Other processes: W+jet+tjet, bb+bb (trigger restricted to |h|<2.5)
O Use of Z+jet+jet might allow access to larger y (one loose electron |[h|<5 - cf. sin?q )
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\ End of Episode |

e CMS and ATLAS have been optimized for
high p; signatures for discovery physics

< Will allow precise QCD related measurements without
additional resources

< A detailed understanding of QCD will be of utmost importance
for discovery and measurements of new physics

O Do not want to rely on Monte Carlo modelling of physics processes!
e LHC will study the strong interaction in an as yet
uncovered kinematical region
< Strong coupling constant up to scales of O(TeV)
< Partonic structure of the proton at very large Q2 and low x
< And many more related publications (cf. Tevatron results)

e But this is not the end of the story

< Inorder to exploit the new energy frontier at its most, an
extension of the general purpose 4p detectors is necessary

< Stay tuned for Episode Il of the saga on “QCD at LHC” ...
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e CMS and ATLAS have been designed and
optimized for discovery physics
< high p; signatures in central region (|h|<5)

e Is there anything else that should / can be done
at LHC?

< YES: Forward Physics
O Not covered by the baseline design of ATLAS and CMS
o Diffractive processes contribute to a large part of s,

< Signatures:

O leading protons, extended coverage for rapidity gaps,
particle detection beyond |h| =5

< Integration with central detector mandatory for
optimal exploitation

e Dedicated experiment foreseen: TOTEM
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\ Forward Physics Measurements

e total cross-section

e elastic scattering
< ds/d|t|, s, /S, I Parameter

e diffractive scattering (single, central, double)

< differential cross-sections
O e.g. d?s/dtdM, for single diffraction

e minimum bias event structure
e properties of rapidity gaps
< survival probability, ...
< rapidity gaps as tools for new physics

e hard diffractive scattering
< combine e.g. leading proton with high p; jets

e exclusive production (pp ® p + X + p)
< Of Higgs boson, SUSY particles, ...
< Measure missing mass precisely ?

Stefan Tapprogge, HIP Helsinki
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W\ Diffractive processes / signatures

elasticscattermg>,\; P . * ® Leading prOtOnS

e Rapidity gaps
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W\ Particle production at Gs = 14 TeV

N, /AT =1

1

E (Tevy AN

ATLAS,

CHM=

O = R W Bk ® o~ @
I

ATLAS,

CMS

o Foa b g iy

=10 =75 -5 =25 D
-0.1 -1.1 -13.4

e Forward direction (|h|>5)

2.5

5 75 10 1)
1.4 1.1 0d.1 B:mad:

Particle production

M ~InYs/m
N

dN
dn

< Tew particles produced, however with large energies
< Small transverse momenta correspond to large energies

100 TeV
L | | =
“I]:—lnthh’Z 3 5 7 8 9 10 11 12 13 n
I | I
0 100 10 1 0.1 0.01  0.001 myrad
| I | I |
<p>_0.5 GeV 0.005 0.05 05 5 50 TeV
¢
| I I I I
L. IS em 0.3 3 30 300 3000 m
a8
page 39

Stefan Tapprogge, HIP Helsinki



L The TOTEM experiment

e Technical Proposal submitted in

< approved to work towards Technical Design Report
< To be installed in IP5 (CMS)

e Physics aims
< Precise measurement of s, , (Ds = 1 mb promised)

< Elastic scattering pp =2 pp 03 R 1o 1 o G

tecale i il i il ] o] ] ol
- |
O small -t needed for s, ! e Coul> 3 Difacton peak

O dedicated machine optics  aims
< Inclusive diffraction

1sidip 2mdip 3 dip’

5

b 5

Real part E Total cross sectian ; Large -t ragian
3 +

Vary-high f o o—

PP - P X F-ecsle .90 km High b
f* = 1000 m
e Detector components ------ T
< Leading proton detection using Roman Pots pe-20m

< Inelastic events using telescopes covering 3< |h]| <7

e Most measurements to be performed in (short)
dedicated runs with high b* optics

< How to profit during normal LHC running?
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TOTEM te_lescope T1/T2 & CMS

R R —
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i MB/1/2
| THI 171
, i WB/ /1
|
| CRYOSTAT
Rotating Shielding a1
i - ‘ 1. : o
— ; E = LA
HE
s N ! ' PR ERICA® WL BARFEL
i i E : TN Dy S
g _ iy | | L 1 '
= . o Q \— Ftg=
& & ﬁ H Eta=3 cone
Telescope 2 Telescope 1

o<eta</ 3<eta<4.9

Stefan Tapprogge, HIP Helsinki page 41



240 m 180 m
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e Positions previously inside cryostats in the insertion are

now available as warm space (easier to instrument)

< Between Q5 and Q6 between Q6 and Q7
< TOTEM (TP) positions (for IP5 - CMS)

Stefan Tapprogge, HIP Helsinki
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W\ Leading proton acceptance

lhc v6.2: Low Beta Optics at IP1 ® Acceptance within insertion

0016 Unixversion851/07 _ 09/11/01 11.03.08 545 ..
5 SIGX D limited to values of x> 0.03
B » 2 For smaller values need to
R L go into the arc (400 m)
R 1o 2 Needs further study
o o8 R T
0.006 - = " iy
- 0.5 o
0.004 - s "un';u.?s
L 9]
0.002 - - 0.0 £ o5
0.0 . : - ) : - ) : : I -0.2
0.0 50, 100. 180, 200. 250 300. 350. 400 450 500 0.75
s (m)
e Nominal optics (low b*) o s wws w o
. 210 m +425 m

< Small beam size between @ T -

200 and 250 m from IP 5
2 Large dispersion (D,) at g "

more than 300 m from IP A0

O Dx = x D, (deviation from 025 |-
nominal beam position) | |

o 0.0025 0005 0.0075 001 00125 0.015 0.0175 0.02
e X: momentum loss of p

425 m 3
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W Kinematics in (Single) Diffraction

Diffraction:

F p
2 e Mass of the
M : .
zp=1—1z, == — P Xp diffractive
8 system

M depends on
P P
i

momentum
loss x of p

-In &

- -

e Size of

de=====""""" rapidity gap

| related to

n momentum
Lo s L Lompls loss x of the
= In -In

m M2 proton

o, A b~ 10 GeV ™~

—bit P
dﬁdt = Ehe t o~ E‘zp‘;"

e Dh = - In x
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e QCD and diffraction : : .
<2 how are they related? U 5
il :

< wealth of data from ; S
L

HERA and Tevatron
e signatures (for selection)
< rapidity gap or leading proton
< + hard scattering (Jjets, W/Z, ..) K -
o smaller transverse momenta than in " | Vel

genuine pp collisions
O probing partonic structure °

e central diffraction
p

< LHC as a Pomeron-Pomeron
collider with Gs up to O(TeV) e

o gluon jet factory
page 45
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e
:

Exclusive central production

N

e The basic idea
< Mass of system X determined
from the two measured protons
OMM?2 = x, x, s
e Eg: MM=140 GeV® x=1072

M (dLum. /dvdM’) _ _
: \s= 14 TeV < V.A. Khoze, A.D. Martin, M.G. Ryskin

y=0 O hep-ph/0111078
e Factorize cross-section into
< Luminosity forpp 2>p +gg+p
< Sub-process cross-section gg 2> X
e Examples for cross-sections
< Higgs (M, =120 GeV) s(pp = p+H+p) =3 fb
e S:Bratio >15 (DM/250 MeV)

2 tt production
O Near threshold: s(pp =2 pttt+p) =0.1 fb

< sparticle production (Mg, 4ice = 250 GeV)

O Near threshold: s(pp 2 ptgg+p) =0.15 fb
600 7DD BOO 900 S(pp > p+qq+p) =0.04 fb

M (GeV) Stefan Tapprogge, HIP Helsinki page 46




(c) melastic PIP

— I'Ij .

o

j-xg > P

e Truly exclusive production would allow to reconstruct
the mass M from the two scattered protons
< Need a precise measurement of the scattered p momentum

e Inclusive (inelastic Pom-Pom) does no longer give this
kinematic reconstruction

< production of additional particles (besides central system)
O either down the beampipe or in the central detector
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B\ Two photon physics at LHC

e Tagging (one or) both protons
O K. Piotrzkowski, Phys.Rev.D63, 071502, 2001

p—%’ < Produce system X via two photon fusion with a
» 2 mass W given by W2 = x, X, S
1

< Distinguish ggprocesses from Pom-Pom via the
pr of the produced system

e AN

ANAN

arb. umts

S B 88

1

L

Pom-Pom

i
e " o
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B\ Two photon physics at LHC (cont’d)

e = | -3
% 10 2 " o) ‘
-k = - = . =30 f”
ofF | 0 E
10 = Single tag (all) u
B 10 B
a 15 |- Single tag
i - (fa!astic)
10 E w
. 10 o .
i o F™ Double tag "3 -
10 (1)
200 400 00 B0 1000 250 sS00 750 1000 100 200 300 400
WiGeV) W, iGeV) M_jGeV)

< K. Piotrzkowski, Phys.Rev.D63, 071502, 2001
e Relative luminosity S =L, /L,
< Cutsused: 0.01<,,<0.1and Q%<2 GeV?

e Expected number of events
< >2000 double tagged W+W- for 30 fb-1

o ttpairs: 2/fb
O Cross-section depends on (gtt coupling)*
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W Low mass Drell-Yan production

S ——
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W Low mass Drell-Yan (cont’d)
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e Basic principle: measurement inside beam pipe

o minimise effects of particle interactions in material
o allow for closest approach of fiducial sensor area to beam

< need to comply with LHC machine requirements
e vacuum compatibility, additional impedance (RF) contribution, ...

< need to operate in high radiation environment

e Major features of the nstation design
< compact, lightweight device integrated with beam pipe
< careful choice of all material to be used (vacuum!)
< precision movement of sensor planes
< reliability of operation (access is difficult)
< Si based sensor (strip or pixel technology)
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B\ Sketch of the design of a nstation

Interface

_ Electrical
side

connectors
- oblongs

19 cm

beam
Emergency

trigger

ooling
connectors
- circular
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Sketch of the design of a nstation

Emergency Inch worm motor

19 cm

fitting Space
for
cables
and
Space for ;z(ljlng
encoder

Developed by M. Ryynéanen
(in collaboration with VTT)
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| Running at lower Gs energies

=

e LHC machine
2 & =8 TeV possible without modifications
2 s =2 TeV possible in principle

e Physics interest

< Syt(PP), compare o S,.(pp)
< Compare W, Z, jet (etc.) production in pp to pp

e {is valence quark for p

< Study energy dependence of di-jet production at large
rapidities (BFKL dynamics?)

< Study energy dependence of rapidity gap processes
o Diffractive phenomena

e Tevatron has done this already: 630 vs. 1800 GeV
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e luminosity upgrade (SLHC scenario)
O Increase proton intensity in bunches

O new focusing quadrupoles (larger aperture, lower b™)
O reduce bunch spacing: 12.5 ns
< all together: L =5*103% - 10%° cm= s
O part of it should be achievable with present machine design

e energy upgrade ?

© present technology: By ,.£11T b Gs £ 18 TeV
O LHC dipole design (B£9 T) b s £ 15 TeV

e first industrial pre-series dipole reached 9 T without quench

O synchrotron radiation will become problematic
e beam screening capabilities limit to field less than 10.5 T?

O optimisation and R&D need to be done
2 to see impact on physics potential: study Cs = 28 TeV
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e SLHC scenario

< mass reach increases by about 20% - 30% (“for free”)

< however, to fully benefit from increased statistics
e e.g. for Higgs and SUSY precision measurements

o a fully functional detector needed
e with the planned ATLAS/CMS performance, e.g. for lepton-1D, b-
tagglng
o Needs R&D effort to start soon, major upgrade would be for
the tracking detectors

e larger center-of-mass energy

< preferred option if nature has chosen a ‘heavy’ mode
for new physics

< Teasibility of significant ‘Jump’ in energy unclear
< ATLAS and CMS would retain their capabilities
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W Outlook

e QCD is a challenging and interesting topic at the LHC
< Not always given the necessary attention

O So far, but will definitely change once the first data arrives

e Precision measurements at the highest energies

=

=

=

measurements of parton densities from a variety of processes
(partially very clean signatures):

O jet production at highest E; P parton densities (quarks and gluons)

O direct photon production P  parton densities (gluons)

O Drell-Yan, W and Z production b  parton densities (quarks)
measurement of a_ over a wide range of scales (up to O(TeV))

o from jet rates (and/or jet shapes, s(photon)/s(jet), ... ?)

In order to reach really low x values (10-¢ - 10-°), a coherent extension
in the forward region (beyond |h|=5) is mandatory

e Need to increase the awareness in the LHC experimental community

=

In order to get a forward extension of at least one experiment!

< To fully exploit the physics potential of the LHC
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