Last Higgs Catching
Juliet Lee-Franzini

LNF

LNF Spring School 2008



A better title would be:
An experimentalist’'s ongoing adventure
as a Higg's Hunter
or
Higgs, Physics Letters 12, 132 (1964),
Weinberg, Physical Review Letters 36, 295 (1976)

a(l.7 MeV), £(2.2 GeV), ((8.3 GeV),
The Large Hadron Collider-C (1998-2001....)

ATLAS - Tuts, Schamberger, Heintz
CMS - Loveless, Narain.
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Higgs and sociology

SSC was justified for its potential for Higgs discovery.
Tevatron CDF and DO today are dedicated to Higgs.
Current World HEP resources are dominantly spent on Higgs

LHC, ATLAS and CMS (with casts of thousands, 0.1% mine)
were designed and are primed for Higgs discovery and study.
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Why and How did it come about?
Weak interaction, history

S-wave unitarity:

41 4r(2¢+ 1)
op = —2(2€ + 1)|CL€|2 < 5
k k
1
Op—0 ~ — or = G?s
S
Unitarity bound is violated for:
1
OF > Op— s > —
F = /=0 =~ G

E > +/1/G ~ 300 GeV

T=2=1 above.
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e
But suppose that:
f//\f

then
do gt

— X

dit] — (M3, —t)?
instead of do/d|t| o« G2. Low energy phenomenology (Jt|,s < Mg,)
requires g% ~ G x M3,.

g% ~ 1072 GeV~2 x 802 GeV?2 ~ 0.064 ~ «a.

This suggest unifying weak and electromagnetic interactions with
the help of vector bosons. SU(2)y_ispin X U(1)y: 4 generators =
4 gauge fields: W+ WO W— and BV.
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There is also a mixing angle which gets from WB—BS to ZE—AM,
with A, a mass-less field, the photon.

A complex scalar doublet is then introduced in the Lagrangian.
The initial symmetry is still there but it can’t help spontaneously
breaking. The *true” vacuum corresponds to a non zero value of
the scalar field ¢.

} Vig)

One number is well defined,

1
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But because the gauge symmetry is local, three of the degrees
of freedom of the Higgs field, ¢, ¢%, &° and ¢~ become the zero
helicity states of the gauge bosons which thus acquire mass.

T he vector boson masses are

1 /2 373
My = — <m) = GeV
sin @ \\v/2G sin Oy
M
My =—%
COS Oy

One scalar boson survives as an observable elementary particle,
it is called the Higgs boson.

So all is left to be done is to find the Higgs.
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Searching for Higgs
Mass

There is no a priori knowledge about the Higgs mass. But. ..

In the Lagrangian we find a quartic coupling )\qb4, where M\ Is
an arbitrary dimensionless coupling constant. The Higgs mass is
given by My = v\/A/2. What is \7.

From effective HH coupling, Mg > av

Mg > 7.3 GeV. If <, the vacuum becomes unstable. . .|

In 1976 Weinberg calculated this lower bound to be for SU(2) x
U(1) models, 3.72 GeV,; as did Linde.

If Mg > 1 TeV than WW scattering exceeds unitarity.
Also for Mg~1 TeV, I'g~1 TeV. ..
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More Limits
800

600
= Triviality, A>1
éﬁ/ 400 upper limit
Em
200 - lower limit
L~ I I Stabillity, ﬂ.|<0 I

6 9 12 15 18

10 A, (GeV)

100 10 10 10

Higgs mass limit vs new physics scale A. Upper unitarity, lower
stability.
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Many Higss-bosons

Supersymmetry adds more Higgs. In MSSM just one more com-
plex doublet. No new Higgs is necessary for giving mass to addi-
tional gauge boson and we now have 5 physical particles:

1. Two neutral scalars, h9, HO
2. One neutral pseudoscalar, A°

3. Two charged scalars, Ht, H~

At tree level:
MhSMZSMH MASMH MH:I:SMW:I:

After radiative corrections M; < 135 GeV.
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Production and decay

The Higgs couples universally to fermion and vector bosons

g
-, O
v g

Couplings «<(mass). We can chose the best way to detect it!
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Very light Higgs and axions.
Heavy quarks couple more Generic Higgs production at

to Higgs. Can search for eTe™ colliders
light Higgs in ¥ — v + H.
CUSB excluded Higgs with
Mg < 3-4 GeV
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In 1979 we were given at CESR a tiny interaction region in a pit

S /N7
5 v LR
u /] P N

S 3 Y

c - © NL 7T

- O 8 O g

= —a Z Mm

for detecting the neutral products of the Upsilon decays.
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Event Displays in

| f ]
CUSB_II: top_left: EI — - SO R [ <imev B 2050 Mev
. :-1DeMe\f Bl 500 - 1000 Mev g :.-.I:.M:v = ?::t:::rev
Bhabha, top-right: wrpup, Beow B
bottom-left pu~yy, | EEE 1
bottom-right hadronic | :;EZ = [ el
event itk i |
| | [(TTTTEET]

[] <1Mev B 20- 50 mev [] <1 wmev Bl s0- 100 Mev

[] 1-10Mev Il s0- 100 Mev [] 1-10Mev [l 100 -200 Mev
] 10-20mev B >0 mev [] 10-50Mev B >200 Mev
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The dominant handle for CUSB’s Higgs search is through looking
for events containing a monochromatic high energy photon plus
any other particles.

T he decay rate for the vector meson V to v+ H is:

(Vv >~H) GrMj 1-MZ
ey 5 X
F(V — pp) arv2 Mg

(F(V — pw), the leptonic width, knows all about the T)
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CUSB HIGGS LIMITS PRD 35 2883 1987

90% C.L. U.L. cuss 80X C.L. U.L: cusa

B (T+y+X] 71 K=<l >/ <>

(%)
-—- STANDARD MODEL 6 -~-- STANDARD MOOEL

—— + RAD. COAA.

0.15

0.10

0.05

: , 20 40 60 80
M2 (Gev3) M(Higgs)2  (Gevd)
M) 3 4 5 6 7 8 BSBEY ypHiggs) 4 5 6 7 B 8.5 Gev

- - - Annovying Radiative Corrections!
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Beneficial Radiative Corrections

(7Toz/\/_G)1/2
sinf(1 — Ar)
where Ar are the SU(2) x U(1) radiative corrections.

Ar = Arg — pi/tan?6 + O(log My /N)
ARy=1—-—a/a(My) = 0.0664
pt =...Gm? ... = 0.00925 x (my/174.3 GeV)?+10gs
predicts my, partly cancels QED
Ar = 0.0350 £ 0.0019 £ 0.0002. Last error from a(My)

My, =

From Mz, My, m, etc., find M.
Today TI'll skip the middle chapters of LEP, Tevatron and go
straight on to 14 TeV.
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Higgs production in hadron collisions

A reminder that the production mechanisms are different

g mmm\\t /
g g fusion : t"’/ > HO WW, ZZ fusion : ﬁ—
t
0 2990909090

—L

7 t

g T W,Z

- e q
t t fusion : > H° ,\I‘N\y
7 ¢
g \
< q

ot W, Z bremsstrahlung

And for heavy Higgs branching ratios to WW, ZZ and tt become
dominant.
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E - //"*\I____I__\ T T T T TS
B bb / WW S ———1
10_1;: _
a4 B ) _
aa - i |
10_2:— —
10_3 | | | L1 |
50 500 1000

A caveat: tiny window for ~~,Z~ channels.
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In 1998 I was summoned to the LHC-C Our charges were
checking that the then current designs had no loopholes, my
chief concern was ATLAS, 45meters x 25 meters, 7000 tons

Muoe Deteciorns Electromagnetic Calorimeters

Forweand Caloeimeters

Sdleneed]

End Cap Toroid

Barrel Taraid Inner Detecior Shieiding
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I descended the cavern, much deeper than CUSB’s
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With my past experience at DO, I was especially intrigued with
the em accordion liquid argon calorimeter

Tile bamrel Tile extended bamrel

Lar hodranle
end-cap (HEC)

LAr eleciromagnetic
end-cap (EMEC)

bamel
Lar forward (FCal)
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And having seen LNF’'s and BU’s constructions, also the muon

system.

”” ATLAS

Muon Spectrometer

Trigger chambers Precision chambers

End-cap . E_/

toroid L
i . Barrel

- AL coils
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I watched with great interest the then nascent trigger develop-
ment:

Interaction rate
-1 GHz CALD MUON TRACKING

Bunch crossing

rate 40 MHz i
lew.ur EL 1 Figellns.
< 75 f‘-'ﬂﬂ} kHz
— Derandomizers
I I ;
Beadout dnvers
Regions of Interest : (RODs)
LEVEL 2 =] Readout buffers
TRIGGER =4 (ROBs)
~ 1 kHz
 Event builder
EVENT FILTER Full-event buffers
s and
- 100 Hz processor sub-farms

Data recording
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as well as the simulation efforts
@ATLAS

EXFERIMERT
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In 2001 when we, my LHCC-ohorts, were visiting CMS, I heard
a voice from on top of the detector calling me:

It was Richard
Loveless from Wisconsin, my SB-PhD-1969!

CMS
Compact Muon Solenoidal Detector for LHC

[ MUON CHAMBERS |

//1

[ INNER TRACKER | | CRYSTAL ECAL. |

sﬁ'ﬁ
mam-.-..-
: llll LT e "4 R
LTITT LTI O T 7 i“__i.n
. . LTI s mn ._.
|~I--_
i m.- [ i III|
n Y

Total Weight  : 14,500t. i T
Overall diameter: 14.60 m = )i 1 =
Overall length  : 21.60 m = LSS .

Magnetic field : 4 Tesla T
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In 2007, Meenakshi Narain moved to Brown University and joined
CMS. As you heard from her talk, the simplest Higgs decay event
in CMS could look like the following
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