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Large Hadron Collider
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Heat Exchanger Pipe
Beam Pipe
Superconducting Coils

Helium-Il Vessel

Spool Piece ! _
Bus Bars : \ _ Superconducting Bus-Bar

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole
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Diode Feed Throughs
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Compact Muon Solenoid
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Total weight: 12500 t
Overall diameter: 15 m
Overall length : 21.6 m

Magnetic field : 4 Tesla http://cms.cern.ch
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Higgs Mass Reconstruction in
H—oWW*—>/viv

» Underconstrained system
> 6 unknowns and 3~4 constraints
- Cannot solve exactly

» Apply modified mass reconstruction method
developed for SUSY type events
- neutralino information is incomplete
o AarYiv-NANKR NN70 — Accented hyv PRD
AI/\N1IV.VJVO.VV/I J I‘\\..\..ClJLCU IJY 1 INLY
» I’'ve been trying a new method:
Symbolic Regression




Multivariate Non-linear Regression

» Mass reconstruction
as a problem of
regression

- A general function
estimator {x;} > m

» Numerical regression
methods have some
deficiency

> Insufficient
generalization

- Bayesian

Reconstructed Mass

Momentum vectors from
a two body decay

Mass Reconstruction using RF

500
C Entries 45073
450 |Meanx 281.7
C |Meany 281
400 |RMsx 1277 —201
C |RMSy 1032
350 |18
- 16
300
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250:— 12
200 10i
150F _ /80
C 60
100
o 40
S0 20
:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII 0
00 50 100 150 200 250 300 350 400 450 500

True Mass



Symbolic Regression

Distilling Free-Form Natural Laws

» Science 324, 81 (2009) from Experimental Data

Flnd invariants present in Michael Schmidt® and Hod Lipson®3*

For centuries, scientists hawve attempted to identify and document analytical laws that underlie

t h e d ata physical phenomena in nature, Despite the prevalence of computing power, the process of finding
natural laws and their corresponding equations has resisted automation. A key challenge to finding

o A I analytic relations automatically is defining algorithmically what makes a correlation in observed
n a yt I C e q u at I O n I S data important and insightful. We propose a principle for the identification of nontriviality. We

demanstrated this approach by automatically searching motion-tracking data captured from various

C 0 n S t r u Ct e d physical systems, ranging from simple hamonic escillators to chaotic double-pendula. Without any
prior knowledge about physics, kinematics, or geometry, the algorithm discovered Hamiltonians,
jans, and other laws of ic and jon. The di
- Genetic al gorit hm was used i m e b ofseoncric s monentun arenston The dicoery st
lex systems, gradually uncovering the "alphabet” used to describe those systems,
in finding the solution

A B [ p-
Detected Invariance:

e f“‘ﬂ L*m +m e’ +mL '@’
¥ 111Lmew:,{ﬂ ﬂ}—
‘ ¥ 19.6L (m +m }cmﬂ ~

_ i 96m3l3cmﬂ_
oo
» We can apply similar |dea to the problem of
finding optimal variables in HEP

2009 KPS Spring meeting



Symbolic Regression

» Goal: construct a variable sensitive to mass
- kinematic variables
o operators: +, -, ¥, /
> functions: sin, cos, exp, log
- Restricted terms to match the dimension of target
> Fitness - relative Root Mean Square °

» Evolution
- 150 Generations Q
> 1000 individuals (equations)

> cross—over probability 50%
> mutation probability 4% @ @ @

(VI+Vv2)*Vv3



Symbolic Regression with Genetic
Algorithms

1. Initialization: random equations are created

2. Creation of new individuals

1. parents are selected by tournament from random subp
ool

2. Cross-over of genes occur at random points

3. random mutation - probability for this is small

3. Population selection
1. Population sorted according to fitness
2. Discard individuals with poor fitness

4. Go to step 2




Example of Cross-over Genetic Op
eration

3
(iv2)d SN L WA \\:_2
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(+; (- (V1I+v2)*(v4—Vvl)




Evolution of Fithess

fithess vs generation Entries 150000

1 Mean x 74.5
Meany 0.3014
RMS x 43.3
RMSy 0.07386
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Predicted Mass vs True Mass

Mass Ratio vs True Mass

Entries. 20000
Entrl 20000
pred Smass vs mass Eniries om0 Sn_mss pred/mass vs mass Maan 185
E T T T : Mean y 155.8 B Mean y 0.5448
£ e RMS x 2021 wE | rRms x 20.2
Symmbolic regression e eon
=i b =
T e ——— TE— e A S —
w B
N T 1 PP SRR S Sy =
L =
wE =
PUSH SRS SO e e S St 8 ettt Rt e e et
g = g i 1IIJ T KLL] 1III 1III kL] 1III T
Entri 20000
e s Atlas MT pred/mass vs mass | | Entres 1649
Mean y 47,28 T N Maan y 0.5912
RMS x 20.21
" 38.41 18 | RMS x u_il:ﬂz_;:
14
"" 12
Eil 1
R T R R L R Y PR PP P PR PP PRTRppeTr sl s e R ) o
[
OO SN OUOOOOIOS OO - - e S
[+
Ol e R PR R PP PP PRPRRLRPRPRRRRRRR R o2
‘ EL[1] ‘ L] L' T KLL] K] K1) kL] T T
Entrles 20000 Entries. 20000
pred MAOS vs mass 17 Mean x 164.8 MAOS pred/mass vs mass | Maan x 164.9
E : : : : ; :;;“ ¥ ;Jgﬂ-g = Maan y 0.5018
.............................. g _ ean S018
RMS? 53.08 RMS y 0.274

Good linearity and resolution
IS seen




XLCHE (Supersymmetry)
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« LHC @14 TeV = cosmic rays @ 10'7eV
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Stablizer problem

Bad surprise after gamma-ray imaging of the joints: Void is present in most
of bus extremities because SnAg flew out during soldering of the joint

Gamma rays QBBI.B25R3-M3 before disconnection (QRL connection & QRL lyra sides)

Courtesy:
Christian Scheuerlein

*

Bad electrical contact between wedge and U-profile w Bad contact at joint with the U-
Wil the bus on at least 1 side of the joint profile and the wedge

51 LHC status - CMS week 09



2009 - Injectors

lons in the lines

LINAC3 Studies End of Physics,

Weeks 40 to 42 SPS, PS, AD, CTF3 Stop
nToF, Isolkde
Oct r Dec

Wk 40 41 42 43 44 46 47 T 49 50 '{ 51 52
Mo s 23 20 7 14 21
Tu ...........................................................................................
We T as LHG
Th
Fr xmas Day
Sa
Su

:[Injedor Complex MD Blgck E AD Physics

I 8-hour Wednesday M[ E AD Setting-up & Studies

[injector stop ] Technical Stop for the /njector Chain

+ first LHC beam

Injection test
Sector 23 as first priority
Sector 78 if part of 81 required is ready

7-09-09 LHC status - CMS week



88 Beam commissioning — T T

.-

§

1TeV 25ell 2.5¢€10

Global machine checkout 35TeV | 24610 probe

Il
Essential 450 GeV commissioning

Machine protection commissioning 1
i

450 GeV collisions

Ramp commissioning to 1 TeV

System/beam commissioning | Machine protection commissioning 2

3.5 TeV beam & first collisions

Full machine protection qualification

System/beam commissioning Pilot physics

One month to first collisions
7-09-09 LHC status - CMS week 53
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7-09-09

1) 450 GeV collisions

Time limited: 3-4 shifts

NO squeeze

Low intensity — machine protection commissioning

unlikely to be very advanced.

~1 week after first beam
Number of bunches 1 4 12
Particles per bunch 4 4 4
Beam intensity 4x101° 1.6x 101 4.8 x 104
beta* [m] 11 11 11
Luminosity [cm~2s1] 1.7 x 10%" 6.6 x 10%/ 2 x 10%8
Integrated lumi/24 hours [nb-1] 0.06 0.24 0.7

LHC status - CMS week

54



2
3
4

5a

5b

10
n

Plugging in the numbers with a step in energy

Beam commissioning

Pilot physics combined with
commissioning

No crossing angle

No crossing angle — pushing
bunch intensity

Shift to higher energy: approx
4 weeks

4 -5 TeV (5 TeV luminosity
numbers quoted)

50 ns — nominal Xing angle
50 ns
50 ns

50 ns

43

43
156
156

156

3 x 1010

5 x 1010
5 x 1010
7 x 1010

1 x 101

4
4
2
2

2

8.6 x 102°

2.4 x 1030
1.7 x 1031
3.4 x 1031

6.9 x 1031

~200 nb!

~1 pb-l
~9 pb-l
~18 pbt

~36 pb-!

2.5
3.4

4.8

Would aim for physics without crossing angle in the first instance with
a gentle ramp back up in intensity

156

144
288
432
432

7 x 1010

7 x 1010
7 x 1010
7 x 1010
9 x 1010

2

N N DN DN

4.9 x 1031

4.4 x 1031
8.8 x 103!
1.3 x 1032
2.1 x 10%?

~26 pb-t

~23 pbt
~46 pb?
~69 pb!
~110 pb-t

3.4

3.1
6.2
9.4
12 .
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COMING UP TO SPEED
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% Patience. Colliders often take

years to meet their specs for
producing data.

| T T T T
1 S
Years of Running




