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Physics with Pair of Particles
from muons, to pions, to photons

June 17, 2016 Kirk McDonald Fest



NAL Propozal No. fo—
Correspondent: J. E. Pilcher
Earico Fermi Inttitute
University of Chicasn
Chicapo, IL 60637

Tal r M- 4
elephone: 312-753-8747 ADDERDUM TO PROPOSAL 615

A Study of the Forsard Production of

Mazeive Particies

A First Phase to Study Forward Produced u-pafirs
C. Adoliphsen, K. J. Anderion, E. Earhi, J. L. Pilcher, £.1. Rotenbern

Enrico Fermi lnititute, University of Chicano
C. Adolphsen, J. Alexander, K.J. Anderson, K. Karhi,

aiald J. E. Pilcher, E. 1. Hosenberg

Enrico Fermi Imstitute, Unfiversity of Chicago

E. T, Mchonald, A. J. 5. S8ith
and
Primceton University

Jd. Elias

Fermi Mational Accelerator Laboratory, Batavia, I17inois 60510

Hovember B, 1978
and

K. T. McDonald, A.J.5. Smith
Joseph Henry Laboratories. Princeton University, Princeton, N 08540

May 4, 1979

(Proposed: 1978-05-04, Approved: 1979-07-01, Completed: 1984-07-15)
Ran for 2260 hours

June 17, 2016 Kirk McDonald Fest




» Naive picture confirmed by early Drell-Yan experiments

d*o 41mr s d o

N 2
a9 ) = 1+ cos’d

M1

. Start including QCD higher order corrections

« Internal gluon exchanges — effects of the pion
bound state — should have observable effects =
“Higher Twist” contributions

Alarge xg quark with p>0 must T ;* -
be far off-shell = can couple to Py ~Ap_)
," longitudinal photons.

;{ ey

I
>M<
ZTE<

where X¢ is the momentum
fraction of the quark in the pion

Berger & Brodsky
PRL 42, 940 (1979)

do < (1~ x)*(1 + cos®) + £ ((k2/Q?)sin®
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E615: Search for departures from the simple DY model

and test QCD predictions

mW — p"u X (in the continuum region M, _, from 4 to 9 GeV/c?)

M+M' )

E615 Physics Goal.

Study pion structure functions

High statistics measurement of the muon pair angular distribution as a function of x¢

using a 255 GeV/c beam

Search for scale breaking effects in the pion structure function by comparing measu-
rements at 255 Gev/c with ones at 80 GeV/c

Perform nt*/n test at high x¢ with 255 GeV/c beams to check that the production does
proceed through q @ annihilation.

EG615 Detector design:

Cross section for the production of lepton pairs at x> 0, M,> 4 GeV/c?, s=10-20
GeV is of the order of 100 pb per Nucleon = high intensity beam

Muon pairs in the final state =» beam dump experiment

Should maintain good acceptance in the angular variables at large x¢

The detectors acceptance is peaked at large xr where logarithmic and higher twist
scale dependence are predicted.

Reduce low mass acceptance

Ready identification of Drell-Yan events
June 17, 2016 Kirk McDonald Fest C. Biino




F SCINTILLATORS
E SCINTILLATORS

DRIFT CHAMBERS

DRIFT CHAMBERS IRON

WALLS
C SCINTILLATORS

SCINTILLATORS

ANALYSIS MAGNET

f i At the High Intensity Area of the Proton West Lab at Fermilab,
- among the first users of the new superconducting accelera-
tor, the Tevatron, data taking in 1983-1984.
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We discuss the design and performance off Kirk McDonald, Stew Smith, Frank Shoemaker,
apparalus was used o measure the propert Jim P”Cher, Kelby Anderson, Bill LOUiS,

tungsten largel in order to infer the distribu

emphasis was on intrra::lir..rn:i in which a s John Greenhalgh’ E“ Rosenberg’
momentum. A hardware trigger processor en

environment. Jim Alexander, Chris Adolphsen, John Conway,
Joel Heinrich, Sandro Palestini, Cristina Biino
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Scintillation counters

T TN AT
!l 1 E -']LTI{ |'1!'i1:'“ T,
M bl - I :r | ' || 1]
1H SURETRRRE N RO B AR

LA | K R ‘ ‘ ‘_‘
Attt ‘|I HHHHH N
DX —~ T S |||L.E

DY e s

Beam holes to reduce the number of
accidental triggers associated with muons
(from pion decays) in the beam.

A&B(x,y) hodo to veto events associated with an incident muon outside the beam pipe

C&D(x,y,u,u,) provide detailed informations on the candidate muon pair positions for the
trigger selection

E&F banks to confirm muon identification
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Black scotch tape
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Scintillator Timing
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LEVEL 41

Level I. 2 distinct tracks, in time
Level Il: point back to target iny

Wi

IR R

2 nonadjacen
or 2}3 t_i*l )

Level lll: M, > 2 GeV (lookup A

v

tables) Ve ] Y

WaEmAKE NN ¢
DY |— = =
//
’ [
_/ -

3 CX ; // 1// //‘ AW i 2 nonadjacen
JOL 0 0 ' IR ¥ oo NN orgjst

7 i

L1

— 2 nonadjacent

S or >3

The trigger was based
entirely on scintillator
counter informations, to
select events with 2
penetrating particles
produced in the Be target
and to discriminate against
pairs with low invariant
mass or containing a halo
muon from beam pion
decays.

The Level-1 decision was reached about 40 ns after the

signals emerged from the scintillator discriminators.
The Level-2 decision was available 10 ns after the

Level-1.

Strong limits coming from signal cables length of the drift

chambers ...

MOST of the TRIGGER
ELECTRONICS was desi-
gned and built in Prince-
ton for this experiment.
The discriminators, latches,
and trigger processors used
ECL integrated circuits
while a few standard NIM
modules were used in
forming final coincidences
at each trigger level.

June 17, 2016
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11.23.2013

"...you are in a twisty
maze of passageways,
all alike"
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19 ATy 1003
0 11-Dot-106
i 12-Apr-1998
13 17=Hag-1048

i
7 17=May-1983

L 3 Ii-Har-1TEE
CHESS0. SAY 31 .EEy- 110
&4 Fllss, 1307 Blocks

WY Fres blecks

June 17, 2016 Kirk McDonald Fest C. Biino




id
(4]
N e
3
(7))
| .
Q
o)
£
Q
=
o
| U

was THIS ?

Kirk McDonald Fest C. Biino

June 17, 2016



June 17, 2016 Kirk McDonald Fest C. Biino




“Princeton House”
in Sauk circle
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~40 M events
written on tape.

Maybe E615 the A final sample of

first collaboration

_ _ 103K events with
to get a terminal in M>2 5GeV/c2
the village to profit and x- > 0.3

of the night....

... to push E615
tapes through the
reconstruction
program running
at the computer
center - 7t flloor
of the Hi-Rise.

o
s

(=]

Number of Events par 100MeV/c?

M Thg T (Gev/ic?)

Fig 17. The p" g pair invariant-mass specirum for the entin

l-.|l'|'||‘l|.- ol Lewvel-] Iriggers codllected |||IrIIl|" the 255% (re¥W, /¢ =
run [wolwd curve) compared i the subsample of Level-1 irggern
that ubso sutisfied the second- and third-level nigger reguine
mernils (dashed curve)
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screwball comedies in Lo et R A BTy
the “Chicago house” at P : ; i i ”k' E e
R . FrrS o e 5 [ = | = O - -~ -
FNAL village with the GALACTIC EMPIRE has secrex:y
help Of Kelby Anderson ik constructionNn on a n\w=

From Woody Allen movies to

... a galaxy far far away ...

WOUDY ALLEN -—@n—
el Broadway

Danny Rose
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L lsygNDS |

Hoay

KA
AMERICA'S MOST POPULAR
GREEK RESTAURANT

Little Owl
Restaurant

o A - 4
5& i ON THE Fox 1.0 ¥ >

world famous
for Italian
“Fiesta” dinners
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E615 - time for far away FUN Friar Diego de Landa
“Rosie” magnet incident... Yu CATAN

' ' BEFORE AND AFTER
Kirk suggesting the
best vacation destination! THE CONQUEST

hp-ruunriuym Wt &Twuhf_mz
s wsienn i

John L. Stephens John L. Stephens

Incidents of. Travel Incidents of Travel
in Yucatan in Yucatan

Syt @@Q G
O@@%@t@@@,
&M@fﬁ)ow@@@

A P Gj D lap forrm gt g falbans caneen s
PG ] ...-:-mw-t-d az....m—»,... 143

e A ol
q-u_..w_ e gatasoatn fam spudile
l..--u-

Translated with Notes by
WILLIAM GATES
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VOLUME 55, NUMBER 24 PHYSICAL REVIEW LETTERS 9 DECEMBER 1985

Pion Structure as Observed in the Reaction # "N — ptu " Xat80 < -

S. Palestini,'® C. Biino, J. F. Greenhalgh,® W. C. Louis. ¥ ™
and A, J. < 7

-~

Joseph Henry Laboratoriec

PHF E. Adolphsen,'’

E’b"}' 3
© Fermy 4. - G. H..-(_: E. Adotns.

HYSICAL REVIEW D VOLUME 39, NUMBER 1

ey
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Experimental study of muon pairs produced by 252-GeV pions on tungsten iﬁﬁ‘
N e 3
g .
J. S. Conway,* C. E. Adolphsen,* J. P. Alexander,’ K. J. Anderson, J. G. Heinrich, qg,\e 66;90% C‘n‘o&g y
J. E. Pilcher, and A. Possoz o &%\}- ﬁgﬁi
Enrico Fermi Institute and Department of Physics, The University of Chicago, Chicago, Illinois = 6&" o “ . e WNG ,
: @ o ¢ C-
PHYSIC E. I. Rosenber v &t o ot Aot Ve
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Experimental situation on ¢/’ from previous generation
experiments (early 90’ s):

= NA31 (CERN) (23.0 + 6.5) x 10+

» E731 (Fermilab) (7.4 =+ 5.9) x 10

(¢' /e) #0 ? = Second generation of experiments:

= KTEV (Fermilab)

= NA48 (CERN) Measure the double ratio:
BR(K, & 7°1°) BR(Kg = n*1")

R=

=1-6Re(e'/¢)

BR(Ks — 7°1°) BR(K, =» nt*1”)

by counting the number of decays in two beams of
K, and Kqg

Need > 3. 10°% K — nz° for stat. erroron R <0.1%
and look for cancellation of systematic effects related to differences in acceptance,
efficiency, backgrounds
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Simultaneous |dentical detector 4

K., Ks beams illumination D

\_ \. \< E

T

( \ S E

K., Kg beams C

> T

g o

f_/\ R Decay Volume R
\_

\

I dentical K, K /\/

energy spectra ("
9 J
|dentical trigger
_ and acquisition
Overlapping biases "
L decay volume \_

Exploit cancellations of the double beam method i.e. for perfectly overlapping
and concurrent beams the corrections are minimized
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Cycle time : 144 s

SPS spill length : 2.38 s
Proton momentum : 450 GeV/c

KLTarget

12
~1.5 10 protons per spill

Muon sweeping

cristal

Ks tagging station

(~3. 10 ?prutmls per spill)

~ 126 m

g
Last collimator

KS anticounter

Ks (AKS)

Target

Decay Region

(~20mlong »

Tae- ol

not to scale !

~114 m

Ks from protons on target
Ks and K, beams are distinguished by proton tagging upstream of the K target

June 17, 2016
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e Muon veto and hadron Muor veto aytem

Hadmon ea ke rimeter
Liquid krypton eakorimeter

calorimeter (background, |
trigger) N

 Quasi homogeneous
liquid krypton
calorimeter to detect
non? events

e Scintillation hodoscope
(trigger and timing TC+TC-)/ Drift chamber 1

* Magnetic spectrometer O e
to detect wtt events -

o(P)/P= 0.5% @® 0.009 / /

P(GeV/c)% —

Hodogzope

Orift chamber 4
Anti eounter 7

Helium tank

Drifteha mber3

K gnet

D rift cha mber 2
Anti coumer &

(= 1% for 100 GeV/c track
Decay products
momentum) From K decays
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122 Imm

. Kg beam

crystal
converter

not to scale

Defines beginning of decay
region for m*w and w°n® K,
decays

Plastic scintillation
counters following a

Photon converter :

— iridium crystal 3mm thick,
0.98 X, for amorphous
iridium = 1.79 X, for the
aligned crystal and less

Nz

Exploiting photon convertion enhancement in an aligned crystal =y s,
AN
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NA48 Tagging performance

NA48: K; are tagged using the difference
between the event time and the nearest
proton in the Tagger:

Kg = |ttag = tKI < 2ns K—n'n (vertex selected)
KL_ Ittag - tK!|_> 2ns o e[ Tagging Winduwl
Done for both n*n-and 7°x 107
Kon'n :
,éﬁ : 1D5§— Mistagged K
5t 2
= [
10 1D4|§— KL
°r 193;—
o [ 192;_ Untagged K,
_5 - :
10 F
F KS
L e e T e 1
X{cm)
-0 8 6 <4 2 0 2 4 6 8 10
. . Kaon time - nearest proton time (ns)
Identify K, K, with decay vertex d

position in transverse plane
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= 3100 Csl crystals

" 0,5 m depth (~27 X,)

" 5(E)JE= 2.0 % /VE & 0.45%

(E in GeV) ; 0.7% energy resolution for

= 10 m3 of LKr (13212 cells)
= 1.25 m depth (~27 X,)

* 6(E)JE= 3.2% /VE ® 0.09 /E ® 0.42%
(E in GeV) :<1% energy resolution for 25GeV vy

Unprecedented stability ; <0.1% corrections

R o~ AR e R o o= e
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40 M43 KTew
B MNaZ1  final g6 97
. " |
E a0 al a8/ 89
= ; - E73
22 -
o [ Ma3dl  prel
k) - &6
= o | T
D [— —
. Weoods a
—10 [~

PDG average: Re(¢’ / €)=(16.5+2.3)10%

Direct CP violation established
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The Large Hadron Collider is a
27 km long pp collider ring

S housed in a tunnel about 100 m

.1 underground near Geneva

D

' “" ’ ':'r:_'- : - TR R W R T, e
e &4 ARt e CININ . T R R R I R B
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Two general purpose
detectors, designed

to search for the
Higgs Boson

The Large Hadron Colllder(‘L .'._ ), ONne-¢
largest and truly global scientific projects:
- *pp collisions at a centre of mass—energy of7,8 and*?:aﬂ'e_!t&

= x_.-;-; :_‘:—;{ S -.-E-—
= i et e T & ol .
———— e 4 oy
= —_— S——— it i
e :
= e y
e [a e e A —
R s i
= ; ATLAS
e ' AEREE DT
s o ” _;.L&H‘_, = -
o}'q‘..‘-.-'?\_:‘ _%
-k S
-
o~ g ‘ﬁ'
- i
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42 Countries
190 Institutions

2200 Scientific Authors
800 PhD Students

P e
J :
=8\ %
Y  /ax - "
Y, .4 / :
y 'J | == - - \
- \ T - -
£ 4 r
\ F 4 4
/ (/
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http://cms.web.cern.ch/

The CMS Detector

SILICON TRACKER
Pixels {100 x 1:)0 um’)
~11y ~66M channels

h - il . ’ ‘h. Microstrips (80-180um)

JINST 3 (2008) S08004

pixels ~200m* ~9.6M channels
Tracker 4 CRYSTAL ELECTROMAGNETIC
Irackel CALORIMETER (ECAL)
E'CAL ‘ ~f 6k scintillating POWO, crystals
HCAL [
Solenoid
PRESHOWER
Steel Yoke - gilicon strips
huons ~16m¢  ~137k channels
STEEL RETURN YOKE
~13000 lonnes

SLJTERCGNDEETING

SOLENOID

Miohium-titaniurm col

camying ~18000 A Y FORWARD

CALORIMETER
1r - Steel + quanz fibres
- ! 3
HADRON CALORIMETER (HCAL) NG

Total WElght : 14000 tonnes Brass + plastic Sﬂllﬂﬁ'ﬂmr . g % MO CHAMEERS
Overall diameter :15.0m ~7k channels Bamel: 250 Dm"l Tube & 480 Resistive Plats Chambers
Overall length : 28.7 m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field ‘38T
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S/(S+B) weighted events / GeV

Higgs = yy results

19.7 0" (8 TeV) + 5.1 fb™ (7 TeV)

x103:
35F
33

S/(S+B) weighted sum
¢ Data
e S4B fits (weighted sum)

251

]

t4

IIIIIIIIIIIIIIII
110 115 120 125

EPJC 74 (2014) 3076

IIIIIIIIIIIIIIIII
130 135 140 145 150

m,, (GeV)

my, =124.7 & 0.4 GeV
Significance = 5.7 (expected 5.2) 6

1 = o BR/Ggy, BR,y,= 1.14 + 0.26 — 0.23

T, <3.4GeV@ 95% CL

June 17, 2016

Y weights / GeV

Y’ weights - fitted bkg

T T T T | T T T T T T ™1 T T T
180

[Ldt=451" vs=7 TeV
-1

- JLat=203m" \s=8Tev p—

S/B weighted sum

. ' g - Signal+background
140 Signal strength categories
===+ Background

120 — Signal

100

ATLAS

| T L] T T

m,, = 125.4 GeV

120 130 140 150

110

160

Kirk McDonald Fest

my, = 126.0 & 0.5 GeV
Significance = 5.2 (expected 4.6) o
u = o BR/oy,, BRs,,= 1.17 £ 0.27
I',<5.0GeV @ 95% CL

C. Biino



Why diphoton searches?

Clean signal over smooth and well known background (i.e. H(125) - yy) :
two high p; photon candidates

(i , O
\'1 ) :I—PV

Several models of physics beyond SM.
Models with extended Higgs sectors predict appearance of spin-0 resonances;
Extra-dimensional models predict appearance of spin-2 resonances.



ectraat3.8TandOT

Fa i = o8 B o | ?"»&ﬂ =4-"'\ Ima..lﬂhﬂ ™ B

Mass s

P

A TN ™™

. CMS Preliminary 2.7 tb”" (13 TeV, 3.8T Prelimin 7! )
Data re-reconstructions e L L
. . > EBEB ¢ Data 2107 = EBEE ¢ Data
during winter shut-down, S el i SR — Fit model
. N E t1oc ™~ r " 1o
using ECAL updated = F = L™ i2
£ o0 gros TRY
channel-to-channel 81 - Nl
calibration, crucial for L e el o
energy resolution. i
- Eg 2l T % TT"% I I - EE 2:.
Additional 0.6 fb-1 dataset , = Ty = o
G [ B
recorded at B=0T. 8 2 S 2
L1 0.08¢ 251" (13 TeV) 400 600 800 1000 1200 1400 1600 7400 600 800 1000 1200 1400 1600
S00TE o me———_CMS M, (GeV) m,, (GeV)
oY E iminary
0.06E T e S S reveconamoton By 1020 rretmne 2 __ CMSPreiminary  0.6b'(13TeV,0T) CMS Preliminary 0.6 fb” (13 TeV, 0T)
0056 bbb $ (:&’51027 EBEB ¢ Data > 7 ' EBEE 4 Daa r
E : -~ ] —— Fit model (&} — —— Fit mode
0.04¢ ; +it_:t:—o—+++;é ﬁ C --l_-t1cr = 10; -51.5 o
0.03f 5 i T - 10k t2o = t2o
3 ¢»¢+ e 2 F 2
3 - +:t# : . % r = B ‘
0'023332‘:% pests : @ & 1 ‘
00— | | | Ilo_ls. ) | -ll ) I1I.|5I I . é I I | I2_5 — HHHHHHHH‘HH‘HHHHH}H‘ :
Supercluster | n | T
3 of ;} 3ok
. : = A EOUSTARORTORTI N0 TORRORBRRNRORERNRI =
30% improvement in mass 3 ° i ks
S 2 8 2|

resolution above 500GeV.

400 600 800 1000 1200 1400 1600
m, ., (GeV)
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Limits are set on scalar resonances produced through gluon-gluon fusion,
and on Randall-Sundrum gravitons. A modest excess of events
compatible with a narrow resonance with a mass of about 750 GeV is
observed. The local significance of the excess is approximately 3.4
standard deviations. The significance is reduced to 1.6 standard
deviations once the effect of searching under multiple signal hypotheses

IS considered.
3.3 o' (13 TeV) + 19.7 o' (8 TeV)

Q RAINA IR A
1L f ' Just a statistical
A i o fluctuation?
102 t
= - More data
C ° PIX _ 4 .
i my = 14107, J=0 needed to verify
10°E — omoined excess origin:
- ----8TeV : ) gin:
: CMS ------ 13 TeV m'“?rlml I I?alol I I?::n’ I ?éﬂ ' I?E;UJ ;(;333; IOOkIng forwa rd
ol — I — — ., toresults from
5x10? 10 2x10 3x10°  4x10

my (GeV) 2016 LHC run
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As a young physicist coming to Princeton to work on E615
was the best possible experience.

Working on building and commissioning an experiment, take
data, do the analysis and write the papers in just a few years!

| want to celebrate Kirk work: a great school of physics.

But thanks to Kirk generosity it was much
much more than a work experience!

Thank you!

June 17, 2016 Kirk McDonald Fest C. Biino



i\.

June 17, 2016 Kirk McDonald Fest C. Biino




..Rosanna Cester, at the origin of the
Torino-Princeton connection that
brought me here in 1982,

IS sending her
congratulations to Kirk
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« Naive picture confirmed by early Drell-Yan experiments

s doc 4wa’s | N do )
M Txdr. 9 e e (x,) 7 cosd c | +cos“@
« Start including QCD corrections at first order
qqg
ji j:: « Internal gluon exchanges — effects of the pion
bound state — should have observable effects =

ag “Higher Twist” contributions

HH y 4 P

k
P, -

I >N Y - #P+) Berger & Brodsky:
p, @ TNER) pion at x> 1

PRL 42, 940 (1979)

A large xg quark with p:>0 must
be far off-shell = can couple to
longitudinal photons.

where x, is the momentum do < (1~ x)*(1 + cos®) + £((k2/Q?)sin®
fraction of the quark in the pion
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E6G15:TTW — u'u X

DRIFT ‘DRIFT

CHAMBERS CHAMBERS
(4 PLANES X) (12 PLANES X, U, V)
B HODOSCOPE |
(38X, 22Y) SELECTION ©¢©
i MAGNET 2

BEAM !
. ™ | = Iﬁ . u
+|=' 3
: I
y 2
A HODOSCOPE  TARGET D HODOSCOPE
C HODO
(36X, 20Y) (28 x,gai?grgl (44X,48Y,470)
MWPC's E&F HODOSCOPES
(9PLANES X,U,V) (80 X EACH)

b o L a1l i ]
O I 2 3 4 5m

Selma dipole magnet, momentum kick of 3.2 GeV/c

Berillium absorber

25 planes of wire chambers upstream and downstream of the
spectrometer magnet measuring position and time of the
tracks

6 banks of plastic scintillators arranged in 14 planes.

2 iron walls
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Flow chart of the PRINCETON Scheme of the ECL circuitry for the Level-l

three levels trigger logic. and -2 C- and D-hodoscope logic. The "top"
T and "'bottom" E- and F-counter discriminator
5[] o a outputs passed through similar Level-1 non-
E | ﬂ: Li?f %l | adjacency logic similar to that shown for the
N O - e O o "left" and "right" Cy- and Dy-counter signals.
[ ——jr

cu TO PeD |
FANOUT

GEeTC @TT
U

I%E&cﬁ%ﬁég - —— -n:?r.- DEN
LATOHES — '.‘;:I_TTH% — = ] JL_. — _
|__reoeR vivic s PEE o gvENT accept NETWOR :
D A detail of the analog summing
e (oo e network used in the Level-1
.. and -2 circuitr
The Level-1 decision was reached about 40 ns after L y_m’ _
. . . . juon foon . L“-’— J——;:*m‘-— '=~"-.:m
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Both KTeV and NA48 were almost ideal fixed target experiments measuring R
using the double ratio method and recording the four modes concurrently.

Short term
variation
K., Kg beams

\_

K., Ks beams

Non identical K, Kq
energy spectra

Collimator
scattering

June 17, 2016

Decay Volume

~

-

Trigger and
acquisition

biases (intensity,

accidentals)

r

—=1

AO0-0mMm=-mMO

J
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Strategy to minimize systematic effects:

" the 4 modes are collected concurrently
—> cancellation of fluxes, dead times, inefficiencies, accidental
rates

" use same decay regions for all modes, apply lifetime weighting
to equalize distribution of K and K decay positions
—> cancellation of detector acceptance effects

" use quasi-homogeneous liquid Krypton calorimeter to detect
n970 and magnetic spectrometer for Ttm
=> optimize resolution, uniformity, linearity and stability
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2x12 thin scintillator foils

12 phatamuhiplier
farvarical bddar
¥, 05

Soimillmar fails
4z 4mm2.1]1'in:1:ncus
batiwa=n 0.2 and 3 mm

KS Protons

farharzantl ladd=
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* Protonrate ~ 30MHz — split the
intensity between foils, readout by
Flash ADC 8 bits at 960 MHz

= time resolution : 140 ps

= double pulse separation : 4 ns

17 phatamuhipliay - ——m=—----F
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Higgs production and decay

ZH (2%) i T | T T T T T T T T :: t
WH (3% . 1 98 9 HO
(5%) bbH (0.9%) =y \s= 8 TeV 13 ¢ U a
VBF(77%) ttH (0.6%) < 10 — §
+ 38
i 1
1 ]
g 1 .
© =
A —
i E E ; W.Z w.Z
- q o
102 =
for m,;=125 GeV s
| | | L I | | |
80 100 200 300 400 500 1000
t 1 __I T T I T T T I l T T T T T T T T | T T T % MH [GeV]
8 = T ww 32 WW, ZZ fusion > 9
S bb) 1 :
© - 1=
210 i @ 2z for m ;=125 GeV
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Oy 2l a 6% ~ ‘ .
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Higgs =2 ZZ* - 4l results

CMS (s=7TeV,L=5.1fb";(s=8TeV,L=19.7 b
> LN R B L L L AR LARES AAEEN RARAS NLEEJ RARAY RALES MAAL LALEY
(GDJ 35_— * Data ] 8 35 C_ ATLAS ¢ Data A
o B .Z+X - L0 E H N |:| Signal (m, = 124.5 GeV 1 = 1.66) E
- - ) - H— ZZ* — 41 .
:‘; 30:_ * " _: EH 30 \s=?TeV:j.Ldl=4,Sfb'1 B ccioroure 22 -
E - ZY 'ZZ - w C - Background Z+jets, ti .
O o5 J e - 1s=aTev:ILdt=20,3fb" " _ ’_ ]
|_|>_| - mH=‘| 26 GeV : g) 25 C ///% Systematic uncertainty =]
- 1 W - -
20 . 20 .
15 1 1s5f -
10F 1 1of .
51 5t
0 0
80 100 120 140 160 180 80 90 100 110120130 140 150 160 170

PhysRevD 89 (2014) 092007 my, (GGV) PhySRevD 90 (2014) 052004 my, [GEV]

my, = 125.6 =+ 0.4 GeV m,, = 124.5 & 0.5 GeV
Significance = 6.7 (expected 7.2) s Significance = 8.2 (expected 5.8) ¢

b =0 BR/ogy BRsy=0.9 + 0.3 1= & BR/Ggy, BRgy,= 1.7 = 0.4
[',<3.4GeV @ 95% CL I, <2.6GeV@ 95% CL
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Higgs results combination: m,,
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Limits on total Higgs width

«From direct measurements are dominated by instrumental resolution:
CMS ATLAS

HY>yy  [,<2.4GeV @95%CL  HYyy  [,<
H>Zz>4l T, <3.4GeV ““ H>Z7Z>4l T, <

5.0 GeV @ 95% CL
2.6 GevV  ““

but SM expectations is: I'gy, = 4.15 MeV!

« Indirect measurements based on comparison of on-shell and off-shell
H*—>ZZ. Off-shell to on-shell ratio is ~proportional to I',,

*Should consider negative interference with box diagram
*Assume that gg is the dominant production mechanism

CMS 19.7 b (8 TeV) + 5.1 fb' (7 TeV)
c 10 4] observed 4 é ‘
q [ dopected £ 14f ATLAS .
_ observe 7
o L * Honshe ! B H—>ZZ+WW off-shell+on-shell B
| 202v + 4l e expected ra 1 2 [ ®grv,on-shei— K oft-shel ‘E
. o [ ] S
Combined ZZ observed ",' - C M S ° “l_ 8 TeV: _[Ldt 20.3 ip! ]
|mmmmmes Combined ZZ expected o L
L K 10F — observed with syst. ]
o L —— observed no syst.
6? H N ZZ ....‘ “':::,' FH < 2 2 M ev < 5 ] 4 FSM [ e expected with syst.
| 8 - expected no syst. _|
4= _f _ F T 95%CL | 6‘_ N
: ATLAS: :
2 ‘,'j'.:"‘ < 2 2 7 V < 5 5 l—‘ _....---------------- / ;:: --------------------------
I $f%68/CLI .7 Me . SM 5[ '
0 \L"'."-:'I::I- ) .| | L1 \ 1 I L

(MeV)
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95% C.L. limit o(pp— S—vy) (fb)

spin=0 hyp

otheses

,.:i‘-amr|4s=.-,-:=~mﬂ_=

Hypothesis test based on simultaneous unbinned likelihood fit to m 1| in all four
analysis categories.
Signal model.

Shape from convolution of detector response and intrinsic line-shape.

Mass window: 500GeV-4.5TeV.

1/m =1.4x10"*

CMS Preliminary 331" (13 TeV)
18
- L=1.4x10* J=0
16— - - Expected limit
14 :_ +1o
c  :20
12 —— Observed limit
10
8
6
4
2
0 E L M| N n
5x10? 10° 2x10° 3x10°
mg (GeV)
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95% C.L. limit o(pp— S—77) (fb)

22
20
18
16
14
12
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1/m = 1.4x102

MS Preliminary

331" (13 TeV)

III|III|III‘\II|III|III|III|III|I\\‘I\Illlllllln

I 2

7 =14x10" J=0
- - Expected limit

t1o

-

—— Observed limit

[#)]
X
—
2

3x10°
mg (GeV)

2x10°

95% C.L. limit o(pp— S—vy) (fb)

Spin-2 version gives equivalent message
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Largest excess observed for my = 760GeV and [1/m = 1.4x10-2.

« Local significance: 2.8-2.9 [1 depending on the spin hypothesis.
« Similar significance for narrow-width hypothesis.

« Trial factors estimated from sampling distribution of max(p0),
 taking into account all the 6 signal hypotheses (spin and width).

+ “Global” significance < 107.

CMS Preliminary 3.3f" (13 TeV) CMS Preliminary 3.3fb" (13 TeV)
B M-V N 1o .4 {\/ ______________________________ 10
107 10
----------------------------------------- 2 c E_______.__________________________________21:5
102 102 & u
B U I _ -2 B I -2
10 :_— _________________________ m_-_Ld._x 10— 3o 103 T ﬁ.l—=-5ﬁ x 107 ___ 30
- —J=0 s —J=0
—J=2 B —J=2
10—4| 1 ! I 1 1 1 4 | | . L . )
5x1 10° 2x10°  3x10° 1I:'5>.<1ur2 10° 2x10°  3x10°
my (GeV) " spin-0 my (GeV)
/m =1.4x1072 1/m = 5.6x102

— Spin-2
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S7

Excess at 760GeV comes mostly from EB-EB categories.
Driven by 3.8T category.
(where the observed excess is ~unchanged w.r.t. the previous results).
Observed one event in the 0T dataset compatible with 3.8T excess.

CMS Preliminary 2.7 fb™ (13 TeV, 3.8T)

EBEB ¢ Data
—— Fit model
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% I &;l;"m g

fi e

400 600 800 1000 1200 1400 1600

m, ., (GeV)

CMS Preliminary 0.6 fb' (13 TeV, OT)

10 =

Events /(20 GeV)
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CMS Preﬂmmary 3.3fb" (13 TeV)
107
10%
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Results interpreted in terms of scalar resonances and RS gravitons

production

of different widths.

« QObservation generally consistent with SM expectations.

* Modest excess of events observed at my = 750(760) GeV for the
8+13TeV(13TeV) dataset.

Local significance is 3.4(2.9)[], reduced to 1.6(<1)[] after accounting

for look-elsewhere-effect.

CMS Preliminary 337 (13 TeV) + 19.7 b7 (8 TeV)

B Rl W ______ 1 i, More data needed to

oE WA verify excess origin:

o P 2o looking forward to 2016
102 ¥ o

¥ o LHC run

o H=taxi0ty=2 ] 36
10° = — Combined

- . 8TeV

e 13TeV
1c:‘-54><1I 6><1I02 ?x%oz ax%o‘*
m; (GeV)
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Events / 20 GeV

Data - fitted background

SPIN-0 ANALYSIS

background-only fit

1Mer—1 ™1 T I O e R ST e S T =
ATLAS Preliminary e Data =
L E — Background-only fit _§'
0P ;_ Spin-0 Selection —;.
- \s=13TeV, 3.2 0" =
L= E
1
107
e =]
15 =
10 -3
5 * 4‘ =
oe Tl %Mwm b =
ek .
-10 -

200 400 600 800 1000 1200 1400 1600

2878 events (m,, > 200 GeV)
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m, [GeV]

Search for new resonances decaying
to diphotons performed with 3.2 fb-113
TeV data, with two analyses targeting
“spin-0" and “spin-2” scenarios
» Most of the yy spectrum consistent
with B-only hypothesis
* Largest deviation from background-
only hypothesis observed in broad
region around 750 GeV, with global
significance 2.0 (1.8) o for the spin-0
(spin-2) analysis
8 TeV data re-analyzed using latest
Run1 calibration, compatibility with 13
TeV results assessed

« Scalar1.20(gg9)—-2.10(qq)

« Graviton 2.7 0 (gg) — 3.3 0 (qQ)
« More data needed to verify excess
origin: looking forward to 2016 LHC
run
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