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e Drell-Yan dilepton production historically has been a
fruitful channel for discoveries (J/\VV, Y, Z)

— So maybe the LHC case

UA1 Z(ee)
candidate
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= History, cont'd
"+ Well-understood SM = £ ] oo
cross section : % e .
(calculated to NNLO 5 " P . /7
level) I A ]
0104 Y o i
» Reasonably small ] _
dependence on . _
PDF S and Other 1EI|EI[II | EDIDD | SEIIEIEI | 4DIDD | 5EIIEIEI
systematics (except Di-muon invariant mass, GeVic
at very low x’s)
U 0 2 1 0 2 1 0 2 1
M = 91.2 GeV/c” M = 200 GeV/c* M = 1000 GeV/c”

aq | 0.0065 | 0.0481 | 0.3557 | 0.0143 | 0.1056 | 0.7800 | 0.0714 | 0.5278 | -

25 | 0.0065 | 0.0009 0.0143 | 0.0019 0.0714 | 0.0097 | -
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= History, cont'd

« Tevatron experience shows that these analyses can be
performed fast, even with poorly understood detector:

— Have a “standard candle” — the Z, which can be used for in situ
measurement of the efficiencies and luminosity

— Have been among the first analyses shown by the Tevatron
collaborations in Run Il and still yield world’s best sensitivity to date to
a number of new phenomena

CDF RUN Il Preliminary diEM Mass Spectrum imi

. Tt ; : D@ Run |l Prellmlnary
S _A” 1uELIII III|+II|IIII|IIII|IIII|IIII|I
[ DY Z-=pp ; = e'e.

o QCD+cosmics | 10°E ¢ | ndf 62.63 /53

Te] - E

- | O DY Z>rr WW WZ i1} = Prob 0.1716

£ 1005 p0 24.03+ 0.71

@ = p1 0.01187 £0.00005

(11

IIIIIIJi IIIIlI] IIIIlIlI] IIIIlI.lI.l IIIII.IJ.ll IIIIlIlIJ IIIlIlllI:

“ N . :
10°E
10' “ L C

100 200 300 400 500 600 70 860 10"‘EIIIIIIII|III|IIIII| I|IIII|IIII|IIII|II
Dimuon Mass (GeV/c ?) 0 100 200 300 400 500 600 700 800 900
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M., = 470 GeV

it Callas: M., = 475 GeV, cos6* = 0.01
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— Very clean channel with easy triggering and possibility of
a cross check (ee/uu/tr)

— In situ calibration with the Z, possibly J/¥ and Y

— (Largely) insensitive to precise tracking alignment, jet
energy scale, precise calibration

« Leptoquarks and other gauge bosons:

— Once dilepton channels are understood, one can start
adding other objects, e.qg. jets

— More complicated final states, but still relatively clean
— Resonant states among the final state particles

e Challenges:

— Commissioning detectors at the same time as trying to get
the first results out

— Changing beam conditions
— Changing trigger definition and event reconstruction
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= [HC Schedule, 2007 ;

T

Calibration run in 2007

Hardware
Commissio E Shutdown
450Ge X

Installation
Hardware Commissioning

Calibration run
450GeV

Ky,

I, (107°)

B (m)
luminosity
Event rate (kHz)\!
W rate 2 (per 24h\
Z rate 3 (per 24h)

Assuming 450GeV inelastic cross section
Assuming 450GeV cross section W — iy
Assuming 450GeV cross section Z —
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o Effective ATLAS/CMS running time/year: ~1000 hours ~ 4 x 10 s ~
4x10%°cm?2=4x10%b1=4fb!@ 1033 cm=?st
* Expected luminosity: ~1 fb-! on 2008; ~5 fb-1 in 2009

_-_---- i

2008 - — | —

Hardw

commissi issio nlng - bur':ch 75ns ops 25ns Shutdown
TTeV operation

(oo — | Beam |

c- beam

L ~1-5x 1032 cm=2s1

L ~1-? x 1033cm2s1 |
Shutdown Shutdown 8

--

o beam
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Still large uncertainties on the delivered luminosity in 2008-
2009

Define "early physics’ as 1-10 fb* of good quality data

This Is the dataset we could expect by the time of the
Tevatron shutdown

This may vary from channel to channel, but gives an overall
guidance on what to expect from early LHC run

Focus on dielectron and dimuon reach; will comment on di-
taus as well

Assumlng typlcal acceptan e of 50% d 80%
CIIIbIUIIby C)\lJCbL ~2,000 events |'Z‘Ji’0 d for
1pb cross section

Assuming at least ~5 events necessary for discovery, can
probe cross sections up to ~2 fb

Disclaimer: will use slightly more CMS than ATLAS studies,
as CMS has brand new Physics TDR

— Gustaaf will hopefully compensate this slight misbalance

0
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ADD Model:

*\Winding modes with
energy spacing ~1/r,
l.e. 1 meV - 100 MeV
«Can’t resolve these
modes — they appear
as continuous
spectrum

Gravitational coupling
per mode; many modes

E 4
~1 TeV

v
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RS Model:

eVl Scenario:

*\Winding mo

nearly equal energy
spacing ~1/r, i.e. ~TeV
eCan excite individual
modes at colliders or
look for indirect effects

special metric

function J;

Light modes might be
accessible at colliders

M, = M2 +i2/r?

Elk

2.66M,3.48M, 4.30M,, ...

Eu

~Mgyr ~Mg,

*Particle in a box” with a

*Energy eigenvalues are
given by zeroes of Bessel

Mo
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 Excellent resolution 5- J.U‘VOIbqr[(
based) and detection efficiency

 Low background above ~1 TeV

e f

KK Z G,e=001 |G, e=0.1 SSM 7'
M 4.0 6.0 1.5 35 1.0 5.0
M, | 3545|5067 | 1.47-1.52 3.30-3.65 | 0.92-1.07 | 4.18-5.81
N, 50.6 1.05 18.8 7.30 72020 (.58
Nh 0.13 0.005 416 0.121 85.5 0.025
5 22.5 3.0 (.39 6.83 225 1.63
'-il:; Eu_ | T | ] '."I'SJ 11‘:_' 7T T "I" rerrTTrTTrTTTTT '_:
3 | § f E
E 15[ (@ ] 5 1,,5_ (b ]
z s ]
10 3 -
B ] (-] .
o E . ]
B E 2 —I_I_P B
000 00 5000 9 2 25 3 a5 - c%.s
M (GeVi/c?) (T
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= Dielectrons: Discovery chaqqel

CMS, 30 fbt

GeV) (calorimeter

Z« production

1]
T
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Generally worse rapidity coverage, detectio
T —
_I ! I - F o _—
1= - = 0.9 g~ : :
E - A osf Fast simulation v12.0.4
0.98 ) . 07F o+ .
- e 1 - . % 60% — E.._ ,H,""*—F—'—'"_l_"*‘*mm—f—"“""“—‘—"“
0961 [Es A T U oo b
C é g I. 1 L. ] i
ﬂ_gl‘. — ‘. iT_ 04 :_ Cut efficiencies
: F.L 03 E— :| 2genes slesta=25
S 4 JEl <25 |Snmimee
u.92: e LT ] 02 |ﬂ| = -
B N . i 01F
ﬂ.g 1 I 1 [::ﬁlll-l? 1 1 1 1 1 E 1 1 1 1 ':_ . A I . A . . A . . A I . . )
107 10 0 2000 A000 G000 8000 10000

Di-muon invariant mass, GeV/c?

m, (Gel)

« Significantly worse momentum resolution than for electrons
% s ] S a:- ] 2 w'E I - -
g 3T £ - ' e —3
% ok ] E o g s e . ]
p: i3 f 2 o Mass resolution -
[ g i
: : s [ | s mesiomers ||
”llﬂliidli!.l[:‘?a;ljﬂlidliﬁliﬁ 600 800 1000 1200 1400 I E o 10° . . 1{?3
14 mass (GaV) L mass (GeV) Di-muon invariant mass, GeV/c®
o
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Nevertheless: generally lower instrumental background may
make dimuons a discovery channel along with dielectrons

Greg Landsberg, Search for ED and LQ in Early LHC Data

13



~ I
v

ce ochiidiaAd fFAr tha AicAamviAar 1 L
LTOoOO SLUUITU 11Ul LUIC L”DbUVCly ITaull Uy LIT LTIV

collaborations, but still can be accessible for early physics
N.B. The first Tevatron Run Il cross section paper was D@

DZ Preliminary, 1.0 fb

hM: 1 ED_)TT

| RN

QCD
Wopv

MW Z-pp

BWotv
WWlv v

tt

Z(tTt) measurement
* Very interesting reach for MSSM Higgs and other
resonances; could also be tricky?
bl L L I L 0
[ A—1t ] €
100; E i I P
? W otherEW, tt| i W1o°F
[ jet fake ]
10, 160 GeV -
| l?._~mA-1BDGeV§
! ] 101
1
i 15—
04 :

i

myis (GeV)
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0 50 100 150 200 250 300 o

50

100 150 200 250

Visible Mass (GeV)
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andall-Sundrum Graviton Reach =34

§‘¢3 30- 'llll""l""llllll_ ‘q! 30'*"' |I‘\III|IIII|IIII|IIII|I II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
B\ g | ©
= | 1 € \ 1 107 i Ly S
& [\ 1)\ - Vo : - 1
o 2 \ ‘ . o 20 = | Region of Interest S
r v 60f! ] - 1 i e e |
150 3f" 3 150 ] i I
: o 10f" ] - ] - <2 -
C ] : ] N
10 \ . o ] [~ |
50 1 5[ !
. ] C
‘:EK“‘-—-\' : y
0 ] IR A ] P I leva i1y I 1021 J o n
'| 15 2 25 2 2‘5 3 3_5 4 45 a by by b by by by by by b
5 ) 05 1 15 2 25 3 35 4 45 &5
, 2
" M (TeV/c) (b) M (TeVic’) M (TeVic)
—'E L DL D B DL L L DL L L LN B L
& — . = 7 & CMS Discovery Limit of
g I Coupling constant ¢ | Estimator | 1h TTfh-t] = + - . G-
é 1025 -~ S 075 30 Em !.L M Randall-Sundrum Gravitan
? ; /,/ 0.01 SelL 077 1.21 o
= = — St 0.78 1.23
10 f_ ______ ”__'; Z 'ch ]2] ].72
F e -
o ) _/_/.;,: ’ 0.02 SeL 1.22 1.72
qe F p ,.;;:"/ g L 1.22 1.74
N 1 : ._ /_,};' S.p 183 248
a E / _,//’"/ 0.05 S 1.85 249
- I o . s 185 | 251
(7)) A .-'/ i oL i -
o " 7 CMS Sp | 204 | 310
E [ 4 y 0.1 SeL 236 313
E 10 A St 2.36 3.16
B H ; 0,01 T T T T
3 f . I R 500 1000 1500 2000 2500 3000 3500

1000 1500 2000 2500 3000 D,I'Snil‘))g s G*'-Lg[ll] Graviton Mass, GeVic
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“Angular Distributions?

* Not in the early running!

— “One event — discovery; two events — cross section
measurement; three events — angular distributions”

" 100 fbt + Ea 100 fb

St Spin-1

11!

40

Nevents

. |
1
20 heee e

M = 1.25 TeV/c® CMS 1 M = 2.5 TeV/c?
L1‘1'IIIEIISIIIIIEIIIIII!ISIIII‘1 rc—'1IIII0|5|IIII§IIIIIOISIIII1
cose”
1T T R B
| |
=
&
+ as(B* |
2 cos(H*) =
oo 2 Epinet Ecchaion (10 B-11 E
—— 20 8pin-1 Ecchaion (160 b1 E
— - 2o 5pinet Ecchaion (00 b-11 E
102 455515002006~ 250030003500 4006 =
Graviton Mass (GeV) E
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do / dM [fb/GeV.c’]

" e

-
D|

ATLAS M =4 TeV

SM

maa RE _a Tong
W W= TEY

M2 Myg=4 TeV

-

Events/50 GeV/100 fb!

m, (GeV)

- T | T T T
102 b
3&1
Cin
-
g [
=2 E
= E
3 =
2 1=
] =
= &
5 C
= =
4 -1
LI
2 B
0 =
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(b)
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Significance

30—

« Dramatic reach even with ~1 fb?

20

15

10

\\ O

KKZ — ee

v 60fb"
30 fb™
« 10fb
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4.5 5 5.5

M (TeV/cd)

(a)
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KK Z production

Luminosity (fb™)

n

M (TeV/c )




= lLentoquarks

"MII!

 Once Il channel is understood, adding extra objects
IS easy, even If they are as messy as jets!

 Focus on the lljj channel
— ev]] Is a possibility, but no existing studies
— vvJ] will take long time

—_—e LQ ‘
>n?m q }‘bgn
e *
b u 60 3 i:'"
q LD Q ——eueee- LO g LQ 8 f M, = | TeV E M, = . 2Te}
|
30 fbl |
a 0 . Q ; M
g vy LA ?{ ‘:;% SO SO coulN SSRUNT WO NIVl (| S oy o o
1 iLQ - 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
'LQ ‘ "~__L m'jIGe\r'l o ru"[Ge\']
g 90 _____ LQ S Q 9 ‘La E 6 T Mg=13Tev E ‘ | M= STeV
Mo (TeV) a (fb) Signal  Background  §//B '1 | ‘ 2N E
1.0 196 08.5 284 58 N e | i i =
1.2 1.33 22.0 243 14 0 s0 100 150 200 - ° 0 100 1m0 200 - =
13 0713 12.8 1.4 11 ) ) =
1.5 0.223 3.62 0.376 59 E
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= leptoquarks: Reach

PP

* Reach plot available for 300 fb
— Scale significance as sqrt(L)
— S/sqrt(B) of 50 correspond to 5 sigma at 3 fb!

sSAB
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107 ——
F SLdt=3x10° pb! ATLAS
104
e — vLQ Type 1
i 5LQ Type 1
i VLG Type 2
107 SLQ Type 2
[ \
10% N\
\
\\\
10 F 56 N
e ; S
20 N
.f | ] VL | | ] :\I '

400 600 800 1000 1200 1400 1600 1800
Leptoquark mass, GeV
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* Wy production, with Wy — 1+ N — | + ]
 |nteresting reach even with ~1 fb!

Events/30GeV

100F

500
a00f
300f

200}

500 1000 1500 2000 2500 3000
Mﬁ“",sev
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Events/30GeV

200F
150F
100F

50F

%

L]
(=]
=
LI B

250F

(b)
30 bl -

Meejj

500 1000 1500 2000 2500 3000
M. GeV
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3500

My,

2000F

1500F

4000_II|III\|IIII

3000t

2500k

1000L
500k

0
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- M, > My,

Lo L1y
2000
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= Challen

.'”'H

effect!) like

 Reduces the reach; requires different optimization of

the search

Example: bulk Z,, in RS model

15_;}22. =4TeV

107 [Ldt =300 fo”

]0 ||||||||||||||||||

1000 2000 3000 4000 5000 6000 7000 8000
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m, (Gel’)

Broad resonance are possible at high masses;
signal start looking compositeness (or instrumental

Z’ Width @ M,.=4 TeV

[' =800 GeV tor point A (0.2 M.,
[' = 200 GeV for pownt B (0.05 M)
[' = 170 GeV tor pownt C (0.04 M)

| Point B
SN 100

 Lessthan10
signal events
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7000 80
my. (GeV)
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ﬁllen
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seeing effect for >4 TeV Z’
 Correct energy at a slight resolution loss using “charge-

sharing” technique
« Triggering with saturation could present another challenge!

m T | T T T | T T T _l
t | , 4 Tay/ed
g — before correction M=4 TeVic”
% pppl. — after comrection 1 ]
- ;
2000 i —
@
i
1000} P -
L , i
0 il ek TN ]
4.8 1
M&e Mtru&
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Nevents

2501

150F

-—hefore correction

- —after correction

2001

T T T ]
M=6 Tg\f_."cl_:

M./M

e T true
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= Challenges: ATLAS

A 'uu”

“standard” isolation cut Is used

— Loosely confirmed by full simulation

Electron efficiency drops fast with mass when

 New set of isolation cuts Is being developed to

recover efficiency at high masses

1 -

0.9f ’fﬂ’“‘*' N

0.8l

07E 2o arczs

0.6L . atleast 2 reco ele

0.5f

04f

03f

0.2F

o1 AtlFastv12.0.4

0 ——5g66 4000 6000 8000 10000

M, (GeP)
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0.9F
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0.1F

J[—o—+-|— -
| Ful]Slim v12.0.31
2000 4000 6000 8000 10000

M (GeV')

0.9
0.8
0.7

0.6}
0.5F

0.4
0.3
0.2

0.1F

- AtlFastv12.0.4
- without isolation cut

0l

- A s
ATLAS

3000

Greg Landsberg, Search for ED and LQ in Early LHC Data

) PR ST [N S S W NSO W
4000 6000 8000 10000

M, (GeV)



-
~

ancil
CQAoll

— Unlikely that confirmation could come from the dimuon
(resolution) or ditau (ID, trigger, Z(tz) first!) channel at
the time of discovery

— Thus many cross checks will be required

. -E T | 11 | | | T | T T | 11
ATLAS, 10fb!, | & 102 | LQ at H1, 1997 (¢)
101¢?] barrel region & - -
~Hot cells? Saturatio > - .
[ | s 10 | -
T | - 1 ;
I - ]
1 w9 J - ]
S 1k -
10" H1 0.4 _ =
| = Ye = U E =
15 5..|....|.e...|...Tl.: =
600 800 1000 1200 1400 1600 ﬁ?j,.'G y 1 00 1 50 200 250 E
M_ (GeV) =
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* Involved about a dozen (!) of groups all over the globe!
 Generated about 400 references in the literature

* Net result: every single claim of 2003 has been disputed by at least one
other group

« IMHO: c%uite a shame for the field, which is over 100 years old and so
proud of the widely-accepted 5¢ discovery standard

« Unfortunately follows a long trail of “miscoveries” from split A, to the
Heidelberg-Moscow Ov decay claim and DAMA story

Experiment  Heaction State  Mode
What is a .9 LEPS(1) ¥C12 = K+K-X g+  Ktn
At Jefferson Lab in Newport News, physicists fire gamma rays into LEPS Ig' 1 d— K"K~ X & K'n
the nucleus of heavy hydrogen atoms, releasing pentaquarks and CLASA) vl — FTH ~(n e (s K™n
other subatomic particles. CLAS(p) wp— KK~ 77(n) g+ K an
pentaquark SAPHIR 1P — K3K ™ (n) a Ktn
particle COSY pp— ETH _E i (e K :':-',- P
JINR p(CsHe) — KEpX a K2p
—— SVD pA — KipX ¢+ Kip
@ DIANA K+Xe— K%(Xe) gt Kip
: i BC vA — KEpX 8 Kip =
bl Wy NOWMAD vAd — KEpX O K2p =
nucleus ,:, HERMES quasi-real photoproduction  #7 H_E',-_r; =
- ZEUS op — K%pX a K2p =
protan NA4D pp — X = = E
nucleus H 1 ep —+ |: ..:-'*_?J:I _&L' IH{. D+.i'-:' —
[Dzierba et al, hep-ex/0412077] =
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= Peaks Are Not Easy to Fake?

Lee Ann Womack — “Now You See Me, Now You Don't”

i

Better take a good look before | disappear

Because I'm just about to be your used-to-be

You might catch a glimpse of my taillights in the dust
And if you notice something missin', well it's me

'‘Cause | tried and you lied R M|
Now you see me, now you don't Ps )
First you do but then you won't HY . 59¢°° 7
Watch me vanish right before your eyes ¢ - W‘ WWWW*
You might think you see me there o oo st s e
In a cafe on a street somewhere =y wa. | =
Yeah, that might be me but I'll be gone & " H%WMMW =
Now you see me, now you don't s T - =
M(DpJ[GV] I—
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%nnclusmns

Early LHC Physics certainly hold many surprises: both
pleasant and unpleasant ones

 The machine and detector will come online and will be
commissioned in parallel, which adds to the challenges

* Nevertheless, dilepton channel was historically very
discovery-rich, and if history is any guide, we should be able
to discover multi-TeV resonances in these channels relatively
fast

 Thisis a brand new territory, where Tevatron doesn’t have
any reach, so surprises may come very early

 Both ATLAS and CMS collaborations are well aware of
challenges and have formed dilepton working groups looking
at realistic scenarios and developing discovery strategy

— While a discovery can’t be planned, it can and should be prepared for
and accelerated!

M
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=The LHC Surprise

el HC vs. Tevatron: [Gianotti & Mangano, hep- Dh/05042211

_Nearly an order of magnitude higher ~ * £~ '
c.0.m. energy (SSC would have been :
even better!) 0% -

—Significantly reduced relative rate of :
Important SM backgrounds due tothe . L
pp initial state :

—Consequently, surprises are possible [ ‘Tevatron
literally on Day One of operations g = .
y y P \\\ QQ production rates

—Nevertheless, how likely are they? N R R
L HC event yield per 10 fb: T e ™

T l T T T T ]' T T T T I T T T T -I

T

N(ev)/yr at L=10%,
€=0.01

channel recorded events per experiment for 10 fh—?

W — v T 107 N events/week with Eq > E.™"
Z = 1.1 % 107 at L=10%

tt— p+ X 0.08 x 107

QCD jets pr =150 GeV | ~ 107 (assuming 10% of trigger bandwidth) K
minimum bias ~ 107 (assuming 10% of trigger bandwidth) L kL‘\ |

. qq production rates

gg, m (g)~1 TeV\ 108 — 104 [ - | ev/week ]
[Gianotti & Mangano, hep-ph/0504221] 1w° \Q ' eorvent]

. [ ev/year |

\What are the Tevatron lessons In = - & 4
|
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some of these channels? P AP E B
0 1000 ) 2000 3000 4000
E+™" (GeV)
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