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LHC higgs reach
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115-120 GeV higgs
search is

challenging
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this is unfortunate

MSSM higgs is most likely to be found
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there will be plenty of Higgs
at LHC
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h — vy

- Most significant decay channel .
. Reconstructed mass peak on top of continuum di-photon bkg.

- Atlas: inclusive y y and exclusive y y +jets searches.
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LHC higgs search in 115-120 GeV

pp — V h

drop fil
Jet definition os/tblog/tb|S/v B- b
C/A, R =12, MD-F| 0.57| 0.51 0.80
K., R=1.0, Your 0.19| 0.74 0.22
SISCone, R = 0.8 0.49 1.33 0.42

use of Jet substructure at the LHC

Butterworth, Davison,
Rubin, Salam (2008)

Sunday, January 3, 2010



substructure

two-pronged decays

Butterworth, Davison, Rubin, Salam (2008)

PlehAn, Salam, Spannowsky (2009)

three-pronged decays

Thaler and Wang (2008)

Brooijmans (2008)
Kaplan, Rehermann, Schwartz and Tweedie (2008)

Butterworth, Ellis, Rakhlev, Salam (2009)

pruning

Ellis, Vermilion, Walsh (2009)
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lesson learned:

jet-substructure a new tool

of collider phenomenology
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opportunities

beat the standard LHC search of Higgs

« production of Higgs through new physics

- Challenge I: find a new physics scenario that gives you
lots of Higgs.

. fight background

- Challenge II: SM background
- Challenge III: New physics background

Sunday, January 3, 2010



Cﬁa[[enge I: find a new physics scenario that

gives you lots of Higgs.
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Cﬁa[[enge I: find a new physics scenario that

gives you lots of Higgs.

MSSM

LSP : gravitino

NLSP : the lightest neutralino
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everything super decays to the NLSP

the lightest

neutralino

/N

gravitino + Y or 7/ or h

new source of Higgs
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neutralino branching ratio:

(a) tanf=3 —~_ 7

osk 7 -

You can almost make a Higgs

factory out of LHC

Matchev, Thomas(1999)
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to get rid of SM background demand

X1 X1 — v + h

LY

14
/

VW

1 isolated photon + large missing Et
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take this point

1 = —250 GeV

M1 — 300 GeV

My = 600 GeV

~ 43%
~ 29%
~ 28%
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typical susy cascade
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fight background

- Challenge II: SM background
- Challenge III: New physics background

1 isolated y + met gets rid of
most of SM backgrounds

substructure to isolate Higgs
from new physics + leftover SM background

Sunday, January 3, 2010



substructure

1. Briefly discuss clustering
2. Discuss simple substructure analysis

3. Describe what we actually do
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‘First:
clustering

(I will talk about recombination scheme)
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Recombination jet algorithm

calculate
dij = min (p}, pij') AR;; /R :
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Recombination jet algorithm

. combine 1 and 6 into 7
min (dij,di) = die and remove 1 and 6
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Recombination jet algorithm
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Recombination jet algorithm

min (dw,dz) — d5
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Recombination jet algorithm

promote 5 to jet and

min (dw,dz) — d5
remove
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Recombination jet algorithm

repeat until the list is empty
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Next:

de-clustering and finding heavy
particle threshold
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break a C/A b-jet J into two parents
by undoing its last stage of clustering

J daughter

e

myjp > mjo

F\

parent-1

=
parent-2

J1 Jo
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is J a suspect ?

check if
mj1 < 0.68 my
/ AR?
min (p7,ps) —o= > (0.3)°
my
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is J a suspect ?

check if
mj1 < 0.68 my
/ AR?
min (pfy, pj) ——5 = > (0.3)°
J
if yes

J is at heavy particle threshold

T exit
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is J a suspect ?

check if
mj1 < 0.68 my
/ AR?
min (p7,ps) —o= > (0.3)°
my
if no

replace J by Ji

T repeal
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extra hard jet may
enter the Higgs cone

WA

OOAAGEAAAR
/
/
/

VW

simplest substructure
algorithm does not work so

well
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Prescription:

Start with a cleaner sample:

. group hadrons into cells (An,A¢)= (0.1, 0.1)

. rescale so that all cells are massless

Run our algorithm:

. algorithm comes next
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break a C/A b-jet J into two parents
by undoing its last stage of clustering

J daughter

e

myjp > mjo

F\

parent-1

=
parent-2

J1 Jo
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is J a suspect ?

check if
mj1 < 0.68 my
/ AR?
min (p7,ps) —o= > (0.3)°
my
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is J a suspect ?
check if

mj1 < 0.68 my

. AR
1in (pglvp%Q) m212 > (03)2
J

if yes

min (piy1, Pis2)

5 AR 172
D¢

record 7 =

T replace J by Ji

J Jo repeat as long as J has parents
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is J a suspect ?
J ' is a Higgs candidate

if

Z is the largest

T an&[

both parents are b-tagged
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Filtering

J" is a Higgs candidate
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Filtering

J ' is a Higgs candidate

record AR n jn
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Filtering

J ' is a Higgs candidate

record AR n jn
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Filtering

J" is a Higgs candidate

de-cluster J completely

SRR R REFEEEEEEENER 2

AN
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Filtering

re-cluster using

AR jn jn
Raiy = min( él /2 : 0.3>

‘L Pt order the jets
A
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Filtering

retain only three havdest component and combine. call it Higgs Jet
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For example: take the spectrum

1 = —250 GeV

M, = 300 CeV
M, = 600 GeV
M3 = 2 TeV

G = 750 GeV
. = 500 GeV

Martin, Kribs,
TR, Spannowsky

bb invariant mass, L =10 fb',\'s = 14 TeV

Number of Events/6.0 GeV
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For example: this one is harder

bb invariant mass, L = 10 fb',\'s =10 TeV

uw = —250 GeV 25 Wt + jets
i N Z +jets
S _F BW +jets
My = 300 GeV 8 20/ W+bb
n | Mz +bb
N SUSY
215~
q:) L
all other masses 2 |
at 1 TeV S 10
0 |
o)
E ¢
Z 95
QO 60 80 100 120 140 160 180 200 J2_20
, , M.
Martin, Kribs, ob

TR, Spannowsky
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For example: this one is almost
impossible

bb invariant mass, L = 10 fb',\'s = 14 TeV

H = 260 GeV 60 Pitt + jets
- =W+_Bb
- Z +bb
E 501 W++jets
Mg = 240 GeV o I Z +jets
£ T
& I
o 30
all other masses 5 &
Q0
at 1 TeV E
< 10
07760 80 100 120 140 160 180 200 220
M
bb
) o ~ 7%
Martin, Kribs, x1 — G+ Z ~ 21%
TR, Spannowsky h ~ 2%
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conclusion I

‘We are already looking for excess in the photon +
missing energy

- most likely signatures of new physics

take the events that pass these cuts and run the

substructure algorithm

- we might get lucky even at a 10 Te'V collider at 10 fb ’
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conclusion IJ

‘We propose a generic procedure to find Higgs when
Higgs couples to new physics :

- collect a sample of clean new physics events

- run the substructure algorithm on top of it - you might find

Higgs much before the conventional search does.
This is gonna work as long as

- Higgs talks to new physics
- Higgs decays significantly to bb.

Work in more general supersymmetric scenarios already in

progress (Martin, Kribs, TR, Spannowsky) - WOrR needed in little

Higgs, models with extra dimensions ...
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