Follow up of this morning lectures of R. Hirosky

LHC : Early searches
for new phenomna

The great LHC Ire r O
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Standard Model Fit Results
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Higgs boson searches fit



Time to time one stumbles
on a nice discovery, like
. A a new animal species
e A (left X(3872) resonance)
Figure 1: The J/ymx " x~ invariant mass distribution (left) and K~ invariant mass distribution (right)
for B° — Jjya*a K'x~ from Belle. In the K~ distribution only events in X (3872) region are used.

The full line shows the fit projection, the dashed blue line represents background, the dashed-dotted shows
non-resonant decays with X (3872) signal and the dotted curve shows resonance decays with X (3872) signal.

Events /{ 0.0025 GeWe?)

Similarly, the recent discovery of a large Gibbon colony in Vietnam does
not change our understanding of the world (although it is very nice news)




THE TRUTH IS OUT THERE




We know, for sure, that the Standard Model cannot be the end of the Story

We need a reliable compass to find our way towards the new world
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Searching for new phenomena at the LHC
Implies dealing with several issues:

1) Underlying event
2)Pile-up events
3)Standard Model backgrounds



Underlying event

My personal contribution to
Quantum Field Theory



Proton in the LHC at 7 TeV CoM Is a Quantum Mechanics Frozen Pizza

1 fm
<€ >
_ s O
Valence quarks |- - 5y 5
f" “ -
n, | ~ ® | 0.0006 fm
3 % 7
o/ ;/ ... and Time is frozen
Gluons . .
Sea quarks

Bubbling up when the
pizza is being cooked







The Gluon field
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Example of interesting process

Next-to-Next-to-Next... QCD

Underlying event (pizza-pizza)




“hard” scattering component (if an)

To catch the rare “hard” scattering
events, sophisticated triggers are

implemented: only events able to

trig them are recorded.

Not all the pizza-pizza events !!!



x f(x, Q%)

CTEQ6.1M —up
02 - 100 GeV2 <= down |1 The interesting (“hard”)
% upbar -{  process is driven by
the probability (PDF)
that such and such
parton (i.e.quarks or
gluon) is carrying a
fraction x of the proton,
when the pizza-pizza
collision occurs.

+++gluon x 0.1

? —— 3 — A very-very long story,
o+ 10 1072 107 with quite numerous
X dedicated experiments,

amongst which the two
of DESY did fantastic.



Pile-up events



Number of events produced are proportional to thg “Luminosity” pf the machine
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6 interactions per BC on average -

Pile-up events




10 stars -

e The same nimber of protons in a LHC bu'n@h_-?_;f




Galaxy collisions are not that frequent....

4.

Bunch bunch collisions are in the t@nfM@gaH@rz range at LHC...




and the bunches are squeezed before being brought into collision

Beam 2

Interaction
Point

. Beam 1

DR <o, e

Relative beam sizes around IP1 {Atlas) in collision




The probability P for a given proton to experience a collision in a bunch-
bunch crossing is the ratio of two surfaces

1) The effective surface ¢ occupied by one proton of one beam (call it the
target beam)

divided by
2) the effective surface of the colliding
muliplied by

proton incoming onto the target beam



O

Let's compute P —

N
Sbeam

The strong interaction is so strong that whenever
two protons touch they do interact.

Thus, the effective radius is twice the radius of one
proton, about 2fm =2 107 °m

..... \0 = 7(2fm)? ~ 120mbarn

The beam densit¥ is a double Gaussian of

widths O';; >0, = 20pm Not obvious, it
needs proof...
*
Rbeam — 20'337y
L 2 L * %k -9 2
Sveam = TRjeq = 4mo,0, =5 107"m

1+2) P~ 101V But there are 10" incoming protons !!!



Presently, close to 6 pizza-pizza collisions per bunch crossing
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So-called pile-up events, superimposed onto the interesting events




The event rate N for a physics process with cross-section o is proprotional to
the collider Luminosity L:

inferaction region

To maximize L:

*Many bupxches (k)
*Many protons per bunch (N)

*Small beam sizes 0%, , ;KNS

%k

- *
4r0 0,

L is the effective area! of the beam, times N, times N (again), times k, times f




1380 bunches with 50 ns spacing
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LHC accelerator complex

2 7 seconds from

P C1M§ <4 source to LHC
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The LHC needs most of the CERN accelerators...



A few cm long groove in &
SPS vacuum chamber after
the impact of

during an ‘incidemi® %




Standard Model events



Ignoring factorization scale and renormalization scale subtleties...

Olij—X] — dz; fi(z;) dxjfj(ajj) 6[ij—>X]

Parton Density Function (PDF)
See also lecture-2 of N. Okada
2

For a given X invariant mass mX — QEZQEJ S one gets:

dO‘[ij_gq B dﬁw
dm?X N dm?X

A

Olij—X] (m§<)

Where the so-called “parton luminosity function” is:

dlij _ l/ o fi(zi) fi(z; = mx [(2:S))

2 .
dmyx 5 )iz /s T

Just need to know the Dirac delta function to get it



Parton luminosity functions

WJS 2010
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E ratios of parton luminosities
+ at 7 TeV LHC and Tevatron :

o

=

A factor of about 20
for Hig uction

8

MHiggs = 150GeV

between LHC and
Tevatron, if the two
Luminosities of the
machines were the
same ...
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Rapidity

11 [E—I—Pz]
= — In
E — Pz

<
|

2
Ym<E = — Intan(6/2)

Y

Interesting because :

* Distributions of events are rather flat in terms of rapidity
» The difference between two rapidities

Y1 — Y2 = Ayio

is z-Lorentz invariant : LHC(lab) ™~ CoM(colliding parton)

Easy to demonstrate, please do it.



An example of a cross section : quark pair production

(The differential form is more interesting than the integrated one)

d30[ij—>ch] o 1 ZEZf(LCZ)ZUJf(Q?])ZU (y — Y, P’QI‘)

dP2dydy 32w ((mg + P2)(1 4 cosh(y — g)))2 \ { ‘

Y = rapidity of quark
Y = rapidity of antiquark

. P
P = transverse momentum of quark/antiquark y
(the same value in LHC(lab) and CoM)
/5

T



An example of a cross section : quark pair production

Just the PDF of partons i and j

dBO[ij%qg] - 1 /'Csz(fUz)xjf(xJ)

Eij (y — Y, P’QI‘)

dP?Tdydg - 3 [(m?] + P?T)(l + cosh(y — ?J_)))z

Just the invariant mass# of the quark pair, but
expressed in terms of P, v, ¢

Check that you can obtain this




An example of a cross section : quark pair production

The tough one: Feynam Diagrams

d30[ij—>ch] _ L aif(@i)a; f ;)2 (y — 7, P7)
dP2dydy  32n ((

o L (2 f (), f ()
1 8¢ —
Zggy/+ . (c+2r(1 —1)) ¢ = cosh(y — y)
2 2 9
1 r=m:/(m:; + P7)
2iqq = §(C+ r) ’ ’ :

Quite challenging (for me) : do not try it home!
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proton - (anti)proton cross sections

Ty L T T rrrrry MLE rrrrryry .

o, (E > 5/20)

OA. N

()7

o (E," > 100 GeV)

1 2
ceventsfsec for L= 10 ¢cm s

A frightening number
of order of magnitude

=

Most of the new phenomena
are expected with cross-sections
way below the known phenomena

Ultra-Rare events




____Tevatron |

For the sake
of Science
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All of which will manifest through the
decays into Standard Model particles




All of which will end-up in the detector
in a handful of long-lived particles

and missing energy-momentum




And none of these standard particles is really seen: what we detect are electronic
impulses on a large variety of dedicated detectors, followed by sophisticated softwares

L[ ATLAS jobs per day across all Tier-1 & Tier-2s

running on huge computers within the LHC world-wide Grid._*

KQY: Muon
Electron
Charged Hadron (e.g. Pion)
)”l' - = = « Neutral Hadron (e.g. Neutron)
o4, ; T Photon
S“? | U\ \\
Tansverse e see lectures of R. Hirosky for a detailed discussion

Silicon
Tracker

Electromagnetic

Calorimeter
Hadron
Calorimeter " Superconducting
Solenoid
Iron return yoke interspersed
with Muon chambers
Om im 2m 3m 4m S5m 6m m

| | | | | | | |




CMS Experiment at the LHC, CERN

Data recorded: 2011—May—25 08:00:19.229673 GMT (10:00:19 CEST)

Run / Event: 165633 / 394010457

{c) CERN 2009. All rights reserved. http://igquana.cern.ch/ispy










Kinematics charged Lepton

Powerful cards to play




Et miss

If neutrinos are present in the final state, they will not be detected,
but they can be inferred from a lack of balance of the transverse(*)
momentum.

Ptmiss — Zptjets Etmz’ss — HPtmissH
jets (Or any weakly interacting patrticle,

: : e - like some in SuSy (efc.
Etmiss is a neutrino’s<imoking gun. y (etc.))

If one assumes that an event contains a W decay, and if one has
a detected lepton, then one can compute Pz,,;ss :

2
miy = (El + \/Et%w;ss + PZ%@iSS) Bl ((ﬁtl + Phmiss)? + (P + PZmiSS)Q)

(*) Only the transverse momentum is considered, since the underlying event takes off
a large fraction of the momentum z-component of the two colliding protons



Ht

Transverse view of an event

When one is looking for a high energy
phenomena, then there is a simple variable
which helps a lot to isolate it: Hr

the sum of the ||Pr|| of the “objects” (jets, etc.)



Ht

Example of the heavy quark production

Transverse view of an event

Remember?

Pofijneg 1 @if(@)zif(z)Si(y — §,P%)
2 _ _

dP7dydy 32« ((mg + P2)(1 + cosh(y — y)))

2

It implies that large Pt are OK provided that
They stay comparable to m,

Thus, if Pt islarge, then Ht can be easily
very large because it benefits the double effect:
* Large intrinsic Pr

« Large m, — large energy — large Hr



Systematics

Reflect uncertainties on the detector responses,
the backgrounds, and ... the signal itself.
Such uncertainties can shatter the analysis power.

It is a tough and very technical subject, rather boring, but extremely important in practice



W’ duplicate of the Standard Model W

N
Etmiss
Kinematics || charged Lepton |~ Ty |
1 —— R i

Multiple Leptons







Request a lepton (electron or muon) and EtMiss

m | 1 1 1 | | 1 1 I | 1 1 | 1 1 | 1 ' _
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= The backgrounds =
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No anomaly is observed, thus one sets limits...

From the data (cf. previous plot) one can compute

the probability for a given My hypothesis that there
was a given number of signal events, on average.

7D(]Vel{erlts§ My )

A matter of convention,
nothing to understand
... and CL means
Confidence Level

Then, one looks for the number

For which

P(Nevents[95%CL]; mW’) = 0.05

Dividing by the Luminosity, one obtains the limit on the \cross-section
for a given mass hypothesis

o[95%CL] = Nevents[95%CL]/L




When the two curves
cross one reads the
95%CL limit on My’

= — 1 o[pp — W']|(visible)]
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Remains to explain what are this dot line and green/yellow bands

) VAR
Q 10 --e-- NNLO theory =
Cg s —e— Observed limit
- X /L Expected limit :
- Expected+ 16 |
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0[95%C’L] Being the result of a given experiment (here ATLAS) is subject to
statistical fluctuations. One can compute its distribution, using
(Assuming-» Monte Carlo simulation. If the measured o[95%C L] lies outside the
No signal)  Yellow band, one should be suspicious that something is not right.
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4th Generation of the Standard Model
(cf. Lectures of P.Q. Hung)

\ Ki ti h d Lept Etmiss
Inematics
= charge epton H—TJ

e

Multiple Leptons




If the 4t" generation exists, and if the Higgs is unique,
then it must be light (CDF DO CMS ATLAS)

% - CMS Preliminary,\'s =7 TeV | _—— CL Observed
© 10 Combined, L = 1.1 fb” B CL Expected + 10
o - . :
> - Standard model with 4 B Cls Expected:2c |
bm - generations of fermions { werone Bayesian Observed |-
- " |
1 I N S ; : :
107 = 4 PR =
l | LY

200 300 400 500 600
SM4 Higgs boson mass (GeV/c?)

Note that the line is NOT within the Yellow band, and a same trend is reported by ATLAS...



Kinematics : event should be compatible with a ¢’ ¢’ pair production
both decaying into bW, one of the W’s leptonically, the other hadronically

+
er,

Ve, Vy,




Kinematics :

event should be compatible with a #'¢ pair production

1)
2)
3)
4)
5)




Kinematics :

event should be compatible with a #'¢ pair production

1)
2)
3)
4)
5)




Kinematics : event should be compatible with a ¢ pair production

1)
2)
3)
4)
5)




Kinematics : event should be compatible with a ¢ pair production

Identify (“tag”) at least one b-jets

1)
2)
3)
4)
5)




Kinematics : event should be compatible with a ¢ pair production

Identify (“tag”) at least one b-jets

1)
2)
3)
4)
)

mt'] = mt']



Events / 20 GeV

In practice, one does a kinematics fit Another handle to fight against

100 200 300 400 500 600 700 800

my, [GeV]
The bulk of the background is coming from misreconstructed ¢t pairs

400 600 800 1000 1200 1400

to obtain : mgar = my = myp The backgrounds is Hp
CMS Preliminary wkjets CMS Preliminary utjets
120 -
*  Data 821 pb’ o *  Data 821 pb’
B 1t + ti

100 { = Singlet S 3 Singlet

I B vy ~ B vy

- W jets i) E Wjets
80~ C Z+jets = 0 Zsjets

X N QCp o B ocp

A 0/ X3 11 400 GeV 2 F B R x3 17 400 GeV

H, [GeV]



Then one builds the two-dimensional (mg¢, Hr)  plot
__CMS preliminary 821 pb™ __CMS simulation e
. + 3
] utjets %‘1200? utje
a 2a1ooo,
- T 800f el
X w-:; soo:i |
[ o data 400/ tt production
200 400 600 800 200 400 600 800
mg, [GeV] my, [GeV]
CMSsimulation = __  __ CMSsimulation _ = _ __ _
o utjets ptjets
S b
) -‘i' n_n "
et
o Z W+jets t't' 400 GeV
2000 400 600 800 2000 400 600 800
my, [GeV] my, [GeV]

... to conclude that data do not show any hint of ¢'¢' production
and one should just set limits...




Top of 4th Generation must be heavier than 450 GeV

g 2 CMS preliminary C'Ls: e+jets '(573pb"),'u+jets (821 pb™)
o 95% expected
- N 68% expected -
-------- median expected
ol —eo— 95% observed —

'
O ey

M 1 M 1
950 400 450 M. [ Ge3?°

If it exists, and if it decays mostly through bW



From CKM precise measurements, one expects V;/;, = 0.04 + 0.06

But high-energy precise measurements (mentioned in lecture of N. Okada)
suggest that || my — mpy || ~ 5OGeV if the Higgs is light, thus practlcally

freezing the (CKM favored) decay t' — b'W

nnnnnnn

......

‘. 100
€ E
50

...........

T, (GeV)

...............................

-l
o
@

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| [ TTTI

..................................

.............................................................................................................

N2 Mev- ----- w1dth S

7|||i|||i|
10400 420 440

460 480 500 520 540 560 580 600
m, (GeV/c?)







il

N

-i‘\'-

- B LR = TN
N lo e ~'.? '-'....:“:

Can decay in multi-leptons

final state: none seen...




Jet1p = 1.641 TeV

di-Jets resonances ?

P (e\‘\m"“aN

(e.g. excited heavy quark)

.52 T T T T T I T T .l l. | T T
c 10°8 ATLAS Preliminary
S =
N 10 * Data Nope...
103;_ - Flt \ L. -t '
- Imits!
102 Ns =7TeV Jet 2 p.= 1.522 TeV
E JLdf= 0.81 — T T | I T ] T T I l T — T 3
C O - 7
E = ——— g*MC10 .
- < 10°F A (MRST) 5
1 X . —e— Observed 95% CL upper limit -
- © N Expected 95% CL upper limit -
107 10°E ~\ 68% and 95% bands -
- | - \ E
8 =T i T T [ T T I L L DL B B | T IE : \ :
c 2F = N\
S — L = 10E \ o E
g o i B B - ; \  ATLAS Preliminary
o b Ll - N [Lar=0811" -
@ 1000 2000 3000 4000 15 \ s = 7 TeV E
Reconstructed m, [GeV] - \ - ]
107 Nl E
Y I ,
107F | | M N e

mq« > 2.9 TeV(ATLAS, and 2.7 TeV for CMS)
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dN/dET™* [Events/GeV]

100

Mono-jets with ETmiss

(e.g. large extra dimensions)

qq — gGraviton

| IIIIIII| I T

ATLAS Preliminary
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400
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Z(— 1) +jets
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N

on-collision BG
ADD (n=2, M _=2.0 TeV)

ADD (n=6, M_=1.5 TeV)
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GRA/C
Simplified model (light ; ) op 4
Simplified model (light O-dep
Simplified model (light 7 ) : Odep ¢
Simplified model : Odep ¢ byjets ¢ £
Pheno-MSSM (light 7 ) : 24ep SS
Pheno-MSSM (light ) : 24ep OS .
GMSB (GGM) = Simpl. model [3
GMSB : stable
Stable massive particies : R-hadrons
Stable massive particles : R-hadrons
Stable massive particies : R-hadrons
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Buk, i Summary :
 JOKER

im0l
No luck ve.&



/" Although it is only the beginning
= ~of the LHC journey |

Quite many are already on (cheap) sell!



-

S g
P

Next report in one Month at LP 2011, in Mumbai. Stay tune1 Things are mW,ﬁn%@Tf’aSt,
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But we know'there is SuperNew physics Sg@mwh@r@




THE TRUTH IS OUT '”ir‘:%E




