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. ] th handedness!
5 o the Wrong nanaedness:
—6 0.0~ g
a
T T T T T E
-10 0 10 20 30 S SU(2) ext. 71.0% (E9)
PC1 (activation space) £L SUSY + SU(2) ext.{0.3% (E9,E11)+(E2,E11)
¢ (ref) iy {ref) . steered [colored: sourcejtarget/antitarget/quality) i
Wi (ref) trajectory O currant alpha TT Gauge : by ext. 71.1% (E9)
E Gauge : by AQ 50.1% (E9)
a Witten anomaly 92.8% (D8)
— j— 0, H j— 0, I T T T T
[alpha = 0.20} [success = 0,4:] [cumulatlve = 0/{:] o A 5 E o

Steering success rate (%)



injected @ enc L11 -> viewed @ enc L11 (final layer) B TR A et
Steering ¢ =y o
Sl @ e w) 16.6% (E1+E1)
6 - 1.0 (= w) + (wr = y) 18.2% (E4+E4)
'g ~I 1-3 53.3% (E9)
4 a m —
_ 08 5 = 1-3 28.0% (E9)
g S “l 3-3 30.8% (E8)
o 2 =
(1] h
c 0.6 c -~
o 2 5
T 0 A bl w|
z z O/
g - 0.0% success!
8 s a
~N T2 g, =
Y Went to
s _
. ] th h
: : | the wrong handedness!
-6 0.0~ o
%
o
T T T T T E
-10 0 10 20 30 o SU(2) ext. 71.0% (E9)
PC1 (activation space) £L SUSY + SU(2) ext. 7 0.3% (E9,EL1)+(E2,E11)
¢ (ref) we {ref) steered (colored: sourceftarget/antitargetiquality) .
we (refl —— trajectory O current alpha Tr Gauge : by ext. 71.1% (E9)
E Gauge : by AQ 50.1% (E9)
< Witten anomaly 92.8% (D8)
[alpha = 0.40} [success = 0%] [cumulative = D%] 0 25 =0 75 100

Steering success rate (%)



injected @ enc L11 -> viewed @ enc L11 (final layer) — R I
. B ¢-y, 40.0% (any)
N 1 IR
|
S @R+ e ) 16.6% (E1+E1)
6 1.0 - (p—w)+ (wg— ) 18.2% (E4+E4)
=
g ~[ 13 53.3% (E9)
- 47 0.8 = < 1-3 28.0% (E9)
9 S @ 3.3 30.8% (E8)
= |
F 27 )
c 0.6 5 =r
S = > 0
T 04 B /
=
1al - 0.0% success!
& 3 d
i -l W
g e - ent to
4 0.2 E-, 5 — I
: i | the wrong handedness!
o
-6 0.0 — E
[
10 0 10 20 30 S SU(2) ext. 71.0% (E9)
= .39 , + ,
PC1 (activation space) = SUSY + SU(2) ext. | 0.3% (E9,E11)+(E2,E11)
¢ (ref) Wy (ref) steered (colored: source/ftarget/antitarget/quality] T:" Gauge : by ext. 71.1% (E9)
wr (refl trajectory O current alpha E Gauge : by AQ 50.1% (E9)
a Witten anomaly 92.8% (D8)
[alpha = 0.50] [success = 0%] [cumulative = 0%] 0 25 20 7 100

Steering success rate (%)



injected @ enc L11 -> viewed @ enc L11 (final layer) B TN AR Sttt
Steering ¢ =y, ]
g 4 Sl @ wr) o w) 16.6% (E1+E1)
1.0 (=) + (Wr—w1) 18.2% (E4+E4)
®] § = 1-3 53.3% (E9)
= 4 0.8 5 5 153 28.0% (E9)
g S “l 3-3 30.8% (E8)
% 1+
= 27 0.6 ¢ ]
[=] ™~
2 = 5
m w
2 - z - O/
g ¢ - 0.0% success!
o © -
(= —
™9 I =2
3 s - Went to
s [=] er
: h handed
S : | the wrong handedness!
6 0.0~ hd
e Ead
a
T T T T T E
-10 0 10 20 30 S SU(2) ext. 71.0% (E9)
PC1 (activation space) £ SuUSY +SuU(2) ext.{0.3% (E9,E11)+(E2,E11)
¢ (ref) we {ref) ¥ steered (colored: sourcatarget/antitarget/quality] .
we (refl  ——trajectory O current alpha T: Gauge : by ext. 71.1% (E9)
E Gauge : by AQ 50.1% (E9)
a Witten anomaly 92.8% (D8)
—_— j— 0, H j— (v ] Ly T T T T
[alpha = 0.70} [success = 0/&] [cumulatlve = O/i:] 0 i o s o0

Steering success rate (%)



injected @ enc L11 -> viewed @ enc L11 (final layer)

Steering ¢ =y

10+ o

1.0 -
87 £
I=)
j=3
— 67 0.8 5
et =
o o
s c
g 47 G
i 0.6 ¢
[=] [=]
= 2 E
= =
= —_
& ] 043
g G
£ 21 5
0.2 =
=
-4 E
o
0.0~"

_6 - -

T T T T T
—-10 0 10 20 30
PC1 (activation space)
@ (ref) . (ref) ¥ steered (colored: sourceftarget/antitarget/quality)
e Iref) trajectory O currant alpha

[alpha = 1.00] [success = 0%] [cumulative = 0%]

Lorentz

su(2) SU(3)

Theory extension U(1)

Anomaly

(= wg) + (wg = y)
(= )+ (wr—yy)

SUSY + SU(2) ext.

16.6% (EL+E1)
18.2% (E4+E4)

1-3 53.3% (E9)
1-3
353

28.0% (E9)
30.8% (E8)

0.0% success!
Went to
the wrong handedness!

71.0% (E9)
0.3% (E9,E11)+(E2,E11)

SU(2) ext.

71.1% (E9)
50.1% (E9)
92.8% (D8)

Gauge : by ext.
Gauge : by AQ
Witten anomaly

0 25 50 75 100

Steering success rate (%)



Steering ¢ - y, : 0.0% (any)

L]

1 S| - wr) + o w) 16.6% (E1+E1)

= = ¢ : Source Match (@ - w) + (wr = w) 18.2% (E4+E4)
“ s (Y, : Target Match
. = =y, : Target Match (cum.) = B 1-3 53.3% (E9)
. w3 Match s 1-3 28.0% (E9)
B s Valid 2L 353 30.8% (E8)
o o 0.0% success!

SLa Went to
| =
=]
i | the wrong handedness!

0 :

(j . 1 E SU(2) ext. 71.0% (E9)
St . St th | SUSY + SU(2) ext.{ 0.3% (E9,E11)+(E2,E11)
ee rl ng reng a 2 Gauge : by ext. 71.1% (E9)
° £ Gauge : by AQ 50.1% (E9)
Be haV|Or < Witten anomaly 92.8% (D8)
It Went tO LIJR, Instead OF l'IJL! 0 25 50 75 100

Steering success rate (%)



Steering ¢ =y,

m = ¢ Source Match
meem (p; : Target Match
= = : Target Match (cum.)
mm Uz Match

Rate

Steering Strength «

Behavior
It went to Wi instead of V!

Lorentz

SU(3)

su(2)

Anomaly  Theory extension

L L A LT R

0.0% (any)

16.6% (E1+E1)
18.2% (E4+E4)

(= wr) + (wr = )
(@—w) +(wr— go)

1-3
1-3
353

53.3% (E9)
28.0% (E9)
30.8% (E8)

Gaps in Data

o, exist in data, but o,does not

Lkin:il.pTC_)'pa“l.lJ
=ipo, oMy’

0 25 50 75 100

Steering success rate (%)




PC2 (activation space)

injected @ enc L9 -> viewed @ enc L11 (final layer)

Steering 1= 3 (SU(3))

7.5 1
1.0 —
]
=
5.0 4 =
o
0.8 5
2.5 <
=
w
0.6 c
0.0 g
=
—2.5 4 04 %
=
il
5
=501 025
=
e
~7.5 =
0.0 —
—10.0 4 T T T T
-10 -5 0 5 10
PC1 (activation space)
1 (ref) 3 (ref) ¥ steered (colored: sourceftargetfantitarget/quality)
3 (raf) —— trajectory 0 current alpha

[alpha = 0.00] [success = 0%] [cumulative = 0%]

Lorentz

su(2) SU(3)

Theory extension u(l)

Anomaly

¢ g
b=y
W =YL
(¢=wa) + (We =)
(@—w) + (Wr— L)

1-2
1-3

Omt i Or'rrtfz
_ Charge Conservation

SUSY : 1 Field
SUSY : 1 ¢ Field
SUSY : 2 Field
SUSY : 1-3 Field
SU(2) ext.

SUSY + SU(2) ext.

Gauge : by ext.
Gauge : by AQ

Witten anomaly

0.0% (any)

30.1% (D8)
25.6% (E11)
1.1% (E11)
15.1% (E11)

99.7% (E10)

38.7% (EO)

16.6% (E1+E1)
18.2% (E4+E4)

76.9% (E9)
76.1% (E9)

82.1% (E10)

95.6% (E2,E11)

71.0% (E9)
0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)

92.8% (D8)

- 1-3 53.3% (E9)
1-3 28.0% (E9)

25

50

75

100

Steering success rate (%)




PC2 (activation space)

injected @ enc L9 -= viewed @ enc L11 (final layer) b un 99.7% (E10)
. ¢-y, 40.0% (any)
Steering 1= 3 (SU(3)) vn s 0L 38.7% (EO)
7.5 - (@ - wr) + (Wr - W) 16.6% (E1+E1)
) 1.0 - (=) +(Wr— ) 18.2% (E4+E4)
e}
5.0 - < 1-3 53.3% (E9)
0.8 ; 1-3 28.0% (E9)
2.5 1 < I
=
o 122 76.9% (E9)
0.6 =
0.0 4 g 1-3 76.1% (E9)
= Qint = Qiuif2 82.1% (E10)
=237 04 g Charge Conservation 30.1% (D8)
o
I
-50 = SUSY : 1 Field 25.6% (E11)
' 0.2 E’ SUSY : 1 ¢ Field 95.6% (E2,E11)
il SUSY : 2 Field 1.1% (E11)
-7.5 - E SUSY : 1-3 Field 15.1% (E11)
i 0.0 SU(2) ext. 71.0% (E9)
~10.0 - SUSY + SU(2) ext. ] 0.3% (E9,E11)+(E2,E11)
! T T T T
-10 -5 , .D 2 10 Gauge : by ext. 71.1% (E9)
PC1 (activation space) Gauge : by AQ 50.1% (E9)
1 [ref] 3 (ref] % steered (colored: sourceftarget/antitarget/quality) Witten anomaly 92.8% (D8)
3 (ref) —— trajectory 0 current alpha
0 25 50 75 100

Steering success rate (%)

[alpha = 0.60] [success = 1%] [cumulative = 1%]




PC2 (activation space)

injected @ enc L9 -> viewed @ enc L11 (final layer)

Steering 1= 3 (SU(3))

7.5 -
3 1.0

5.0 4
0.8

2.5 -
0.6

0.0 -
a5 0.4
—3.0 1 0.2

_?.5 -
0.0

-10.0 -

[ I

—-10 -5 0
PC1 (activation space)

10

1 {ref) 3 (ref) ¥ steered (colored: sourceftargetfantitarget/quality)
3 (ref) —— trajectory 0 current alpha

lagrangian_quality (non-anchor points)

[alpha = 0.80] [success = 2?%] [cumulative = 27%]

¢ — g 99.7% (E10)
b=y

W =YL

(- wr) + (Wr—=wy)

(= )+ (wr—yy)

1-3 53.3% (E9)
1-3 28.0% (E9)

0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

1-2 76.9% (E9)

1-3 76.1% (E9)
OJ’nt"Oﬁntﬁz 82.1% (E10}
Charge Conservation 30.1% (D8)

SUSY : 1 Field 25.6% (E11)
SUSY : 1 ¢ Field 95.6% (E2,E11)

SUSY : 2 Field 4 1.1% (E11)
SUSY : 1-3 Field 15.1% (E11)

SU(2) ext. 71.0% (E9)

SUSY + SU(2) ext.4 0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

Gauge : by ext.
Gauge : by AQ
Witten anomaly

0 25 50 75 100

Steering success rate (%)



PC2 (activation space)

injected @ enc L9 -> viewed @ enc L11 (final layer)

Steering 1= 3 (SU(3))

7.5
i 1.0

5.0 4
0.8

2.5 1
0.6

0.0
—2.5 0.4
—3.0 1 0.2

_?.5 .
0.0

—=10.0 -

wn

T
—-10 -5 0
PC1 (activation space)

10

1 (raf} 3 [ref) steered (colored: sourcaftarget/antitarget/iquality)
3 (refl] —— trajectory 0 current alpha

lagrangian_quality (non-anchor points)

[alpha = 0.90} [success = 36%] [cumulative = 40%]

¢ — g 99.7% (E10)
b=y

W =YL

(- wr) + (Wr—=wy)

(= )+ (wr—yy)

1-3 53.3% (E9)
1-3 28.0% (E9)

0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

1-2 76.9% (E9)

1-3 76.1% (E9)
OJ’nt"Oﬁntﬁz 82.1% (E10}
Charge Conservation 30.1% (D8)

SUSY : 1 Field 25.6% (E11)
SUSY : 1 ¢ Field 95.6% (E2,E11)

SUSY : 2 Field 4 1.1% (E11)
SUSY : 1-3 Field 15.1% (E11)

SU(2) ext. 71.0% (E9)

SUSY + SU(2) ext.4 0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

Gauge : by ext.
Gauge : by AQ
Witten anomaly

0 25 50 75 100

Steering success rate (%)



PC2 (activation space)

injected @ enc L8 -> vwviewed @ enc L11 (final layer)

Steering 1= 3 (SU(3))

7.5 -
1.0

5.0 A
0.8

2.5 -
0.6

0.0 -
25 0.4
—5.0 1 0.2

_?.5 .
0.0

-10.0 1

[
wn

—-10 -5
PC1 (activation space)

10

1 {ref} 3 (refl steered (colored: sourceftarget/antitarget/quality)
3 (ref)] —— trajectory O current alpha

lagrangian_quality (non-anchor points)

[alpha = 1.00] [success = 21%] [cumulative = 50%]

¢ — g 99.7% (E10)
b=y

W =YL

(- wr) + (Wr—=wy)

(= )+ (wr—yy)

1-3 53.3% (E9)
1-3 28.0% (E9)

0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

1-2 76.9% (E9)

1-3 76.1% (E9)
OJ’nt"Oﬁnt’z 82.1% (E10}
Charge Conservation 30.1% (D8)

SUSY : 1 Field 25.6% (E11)
SUSY : 1 ¢ Field 95.6% (E2,E11)

SUSY : 2 Field 4 1.1% (E11)
SUSY : 1-3 Field 15.1% (E11)

SU(2) ext. 71.0% (E9)

SUSY + SU(2) ext.4 0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

Gauge : by ext.
Gauge : by AQ
Witten anomaly

0 25 50 75 100

Steering success rate (%)



PC2 {activation space)

injected @ enc L9 -> wviewed @ enc L11 (final layer)

Steering 1= 3 (SU(3))

7.5 -
3 1.0
5.0 - '
0.8
2.5 -
0.6
0.0 -
—2.5 - 0.4
—3.0 1 0.2
_?.5 -
0.0
~10.0 -

T
—10 -5 0 5 10
PC1 (activation space)

1 {ref) 3 (ref) steered (colored: source/target/antitarget/guality)
3 (raf) —— trajectory O current alpha

lagrangian_quality (non-anchor points)

[alpha = 1.20] [success = 4%] [cumulative = 53%]

¢ — g 99.7% (E10)
=y

Wr =y

(= wr) + (W = )
(@— )+ (wr— )

1-3 53.3% (E9)
1-3 28.0% (E9)

0.0% (any)

38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

1-2 76.9% (E9)

1-3 76.1% (E9)
OJ’nt"Oﬁnt’z 82.1% (E10}
Charge Conservation 30.1% (D8)

SUSY : 1 Field 25.6% (E11)
SUSY : 1 ¢ Field 95.6% (E2,E11)

SUSY : 2 Field 4 1.1% (E11)
SUSY : 1-3 Field 15.1% (E11)

SU(2) ext. 71.0% (E9)

SUSY + SU(2) ext.4 0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

Gauge : by ext.
Gauge : by AQ
Witten anomaly

0 25 50 75 100

Steering success rate (%)



PC2 (activation space)

injected @ enc L9 -> viewed @ enc L11 (final layer)

Steering 1 =3 (SU(3))

7.5 1
1.0 —
£
5.0 4 =
ju
08 5
2.5 - <
=
o
0.6 g
0.0 4 2
=
—-7.5 04 %
=3
9
5
=501 025
=
g
—-7.5 1 g
0.0 —
_10'0 B T T T T T
—-10 -5 0 5 10
PC1 (activation space)
1 (ref} 3 (ref) % steered (colored: sourceftarget/antitargetiguality)
3 (raf) —— trajectory O current alpha

[alpha = 1.60} [success = 0%] [cumulative = 53%]

¢ — g 99.7% (E10)
b=y

W =YL

(- wr) + (Wr—=wy)

(= )+ (wr—yy)

1-3 53.3% (E9)
1-3 28.0% (E9)

0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

1-2 76.9% (E9)

1-3 76.1% (E9)
O;‘nt-'Ode 82.1% (E10}
Charge Conservation 30.1% (D8)

SUSY : 1 Field 25.6% (E11)
SUSY : 1 ¢ Field 95.6% (E2,E11)

SUSY : 2 Field 4| 1.1% (E11)
SUSY : 1-3 Field 15.1% (E11)

SU(2) ext. 71.0% (E9)

SUSY + SU(2) ext.4 0.3% (E9,E11)+(E2,E11)

Gauge : by ext. 71.1% (E9)
Gauge : by AQ 50.1% (E9)
Witten anomaly 92.8% (D8)
0 25 50 75 100

Steering success rate (%)



Steering SU(3) : 1-3 - - Uk 99.7% (E10)
N - 0.0% (any)
= = 1: 5Source match H u::-'ii 38.7% (EO)
e 3 Target match {cum.) S (6= wr) + (Wa = ) 16.6% (E1+E1)
. mmmm 3 Target match (P w) + (Wro W) 18.2% (E4+E4)
. = = 3: Match (cum.) _ 1.3 53.3% (E9)
n - — i (4]
(D . m—V/alid ol —
| |
-'(‘-U' . - s B B EEEEENEBEGNLH E- 12 76.9% (EQ)
o . aL 1-3 76.1% (E9)
|
= Qint = Qintel2 82.1% (E10)
= | Charge Conservation 30.1% (D8)
s SUSY : 1 Field 25.6% (E11)
@ SUSY : 1 ¢ Field 95.6% (E2,E11)
g SUSY : 2 Field 4 1.1% (E11)
"E’. SUSY : 1-3 Field 15.1% (E11)
o SU(2) ext. 71.0% (E9)
. EL  SUSY + SU(2) ext.{0.3% (E9,E11)+(E2,E11)
Steering Strength « s Gauge:byext 71:1% (£9)
E Gauge : by AQ 50.1% (E9)
Be havior | Witten anomaly 92.8% (D8)
It goes to 3’ 0 25 50 75 100
Steering success rate (%)

but when it doesn't, it goes to 3



Steering SU(3) : 1-3

= = 1: Source match
= = 3! Target match (cum.)
mmmm 3 Target match

m & 3: Match (cum.)

mmmm 3 Match

B
| ]
[ |
| ]
- e \alid
[ |
[ ]
]

Rate

Steering Strength a

Behavior
It goes to 3, _
but when it doesn't, it goes to 3

Lorentz

SU(3)

su(2)

Anomaly Theory extension

L (@) + (e -y

99.7% (E10)

- wr
¢y
Wr =y
(¢ = wr) + (W~ W)

0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

53.3% (E9)

28.0% (E9)

1-3
1-3

Gaps in Data
Triplet 3 _
Antitriplet 3
exist in data

But Octet 8 does not

0 25 50 75 100

Steering success rate (%)



Rate

¢ - wr 99.7% (E10)
i N p-y, 10.0% (any)
Steering SU(2) : 1 -2 . 38.7% (EO)
1 J.-.-.-.-.-.-.— = = 1 Source match 3 (= wr) + (wr = 1) 16.6% (E1+E1)

& ’ (¢—= )+ (wg— w) 18.2% (E4+E4)
= = 2: Target match (cum.)
=== 2: Target match ~ 1-3 53.3% (E9)
= = 3: Appears (cum.) E 1-3 28.0% (E9)

['}]

.‘ mmmm 3. Appears L 353 30.8% (E8)

” s Valid 152 76.9% (E9)
1-3 76.1% (E9)

-,

su(2)

»
]
L
L]
a
.
a
n
| ]
L]

U(l1)

We don't see this
problems in SU(2)
1,2,3 all in training data

Theory extension

Steering Strength a

Anomaly




Rate

- wr
¢y
Wr =y
(¢ - wr) + (Wg = 1)

Lorentz

Steering SU(2) : 1 -2

1 JI'I"'l'I'lH,,_ = = 1: Source match

(= )+ (wr—yy)

“ = = 2: Target match (cum.)
- mmmm 2: Target match _ 1l-3
- .
. L 2
- .
| )/ °
! Gaps in data

~

Failure Modes in
steering

Steering St

99.7% (E10)

0.0% (any)
38.7% (EO)

16.6% (E1+E1)
18.2% (E4+E4)

53.3% (E9)

28.0% (E9)
30.8% (E8)

76.9% (E9)
76.1% (E9)

n't see this
ms in SU(2)
in training data




Steering can be additive:

Additive Steering : ¢ = wr + Yr = YL

) R —

. = = ¢ :Source Match
. = =  : Target match (cum.)
e mm (y; : Target match
. = = g Match (cum.)

. mm (/z Match
.

m— \alid

Rate

‘---I--I--I--I
-

| ]
L ]
u
" .

-
*a
“..‘l...--.-..-..-..

OF/'.L

L T

0 2
Steering Strength a

W, was inaccessible by a single direction.
Additive steering reaches it,
but still leaks to Wr

Lorentz

su(2) SU(3)

Theory extension U(1)

Anomaly

¢ — g 99.7% (E10)
b=y

Wr =y

(= wr) + (W = )
(@— )+ (wr— )

0.0% (any)

38.7% (EO)
16.6% (EL+E1)
18.2% (E4+E4)

1-3 53.3% (E9)
1-3
353

28.0% (E9)
30.8% (E8)

76.9% (E9)
76.1% (E9)

1-2
1-3

B Qint = Qintf2 82.1% (E10)
|_Charge Conservation 30.1% (D8)

SUSY : 1 Field 25.6% (E11)
SUSY : 1 ¢ Field
SUSY : 2 Field
SUSY : 1-3 Field
SU(2) ext.

SUSY + SU(2) ext.

95.6% (E2,E11)
1.1% (E11)
15.1% (E11)
71.0% (E9)
0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)

Gauge : by ext.
Gauge : by AQ

Witten anomaly 92.8% (D8)

0 25 50 75 100

Steering success rate (%)



Post Training Correction or  _

¢y 99.7% (E10)
Enforcing symmetries 6-9.10.0% (any)
— — — —A__4 v Wr = Yy 38.7% (EO)
S @-wRr) ko w) 16.6% (E1+E1)
(e~ Hwr—> ) 18.2% (E4+E4)
Lbl'Oken &OnserVing -1.— 1-3 53.3% (E9)
M —
_ - 1-3 28.0% (E9)
ZQiO - ZQ—O w| 353 30.8% (E8)
a[ 1-2 76.9% (E9)
1 U(1) : Charge Conservation 2L 1-3 76.1% (E9)
5 i 30.1% (D8
4 = = Target match (cum.) £ usY : 1 Fleld oo
mem= Target match B SUSY : 1 ¢ Field 95.6% (E2,E11)
s’ s Conserved TERLL "E’. SUSY : 1-3 Field 15.1% (E11)
(o] | mm== Conserved & Valid ° SU(2) ext. 71.0% (E9)
ad = SUSY + SU(2) ext. 4 0.3% (E9,E11)+(E2,E11)
T;: Gauge : by ext. 71.1% (E9)
E Gauge : by AQ 50.1% (E9)
a Witten anomaly 92.8% (D8)
0- : : 0 25 50 75 100
0 2 Steering success rate (%)

Steering Strength a



Post Training Correction or
Enforcing symmetries

Lbroken — »Cconserving
5Q20 - Q=0

U(1) : Charge Conservation

*
*

= = Source match
1 = = Target match (cum.)
mmsm Target match

= = Conserved & Valid (cum.)
mess Conserved

| wes= Conserved & Valid

Rate

Steering Strength a

- wr 99.7% (E10)

2 $—=y 10.0% (any)
E Wr— L 38.7% (E0)
S @ wr) k- w) 16.6% (E1+E1)

(- w)+ (wr > wy) 18.2% (E4+E4)
~| 1-3 53.3% (E9)
g 1-3 28.0% (E9)
oL 3.3 30.8% (E8)
a[ 1-2 76.9% (E9)
@l 1-3 76.1% (E9)
E = = A W N = o
~ @ Charge Conservation 30.1% (D8)
E USY : 1 Field 0%
i SUSY : 1 ¢ Field 95.6% (E2,E11)
g SUSY : 2 Field 4 1.1% (E11)
L1}
o
=]
@
L=
'—

Improving Performance
without any more
training!

Anomaly




Changing Theory Domains
Model Extensions:

SUSY-like extension :
L(F)—L(F,F)

SUSY-like : extending to superpartner of
input fields. Did not include
Gaugino Sector.

Lorentz

su(2) SU(3)

Theory extension U(1)

Anomaly

- wr
b=y
W =YL
(¢ = wr) + (we = W)
(=) + (Wr—w1)

1-3

1-3
353

1-2
1-3

er i Or'ntfz

SUSY : 1 Field
SUSY : 1 ¢ Field
SUSY : 2 Field
SUSY : 1-3 Field
SU(2) ext.

SUSY + SU(2) ext.

Gauge : by ext.
Gauge : by AQ
Witten anomaly

0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

53.3% (E9)
28.0% (E9)
30.8% (E8)

76.9% (E9)
76.1% (E9)

82.1% (E10)

25.6% (E11)
95.6% (E2,E11)
1.1% (E11)
15.1% (E11)

71.0% (E9)
0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

99.7% (E10)

0

25 50 5

Steering success rate (%

100

)




Changing Theory Domains

Model Extensions:

SUSY : 1 Scalar Field Scenario

= = Source Match
= = Success (cum.)
| — -+ Y
w— =+ Yr
wen Valid

Steering Strength o

Lorentz

su(2) SU(3)

Theory extension U(1)

Anomaly

¢ g
b=y
W =YL
(¢=wa) + (We =)
(@—w) + (Wr— L)

1-3
1-3
353
1-2
1-3

th i Or'rrtfz

SUSY : 1 Field
SUSY : 1 ¢ Field
SUSY : 2 Field
SUSY : 1-3 Field
SU(2) ext.

SUSY + SU(2) ext.

Gauge : by ext.
Gauge : by AQ
Witten anomaly

99.7% (E10)

0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

53.3% (E9)
28.0% (E9)
30.8% (E8)

76.9% (E9)
76.1% (E9)

82.1% (E10)

25.6% (E11)
95.6% (E2,E11)
1.1% (E11)
15.1% (E11)

71.0% (E9)
0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

25 50 75 100

Steering success rate (%)




Changing Theory Domains - o=t

99.7% (E10)
. N ¢-y, 40.0% (any)
Model Extensions: 36.7% (€0
S| (@R +wr— ) 16.6% (E1+E1)
(@) + (wr—> ) 18.2% (E4+E4)
. . . T 153 53.3% (E9)
SUSY-lIke eXtenS|0n . g 1-3 28.0% (E9)
/:(F)_>L(F,F) ol 3.3 30.8% (E8)
a[ 1-2 76.9% (E9)
2L 1-3 76.1% (E9)
Extending Gauge Group: . Ot Of2 82.1% (E10)
Lc— Laxsu2) °LC : e
s SUSY : 1 Field 25.6% (E11)
[ SUSY : 1 ¢ Field 95.6% (E2,E11)
Both % SUSY : 2 Field § 1.1% (E11)
SUSY : 1-3 Field 15.1% (E11)
L6(F)—Lexsue (F,F) ] 5U(2) ext. 71.0% (E9)
£ R SUSY + SU(2) ext.{ 0.3% (E9,E11)+(E2,E11)
SUSY-like : extending to superpartner of  z[  cause:byex: FEEn
. . . . 5 Gauge : by AQ 50.1% (E9
InDUt FlEldS. Dld nOt |nClUde a Witten anomaly 92.8% (D8)
Gaugino Sector. | . . . .
0 25 50 75 100

Steering success rate (%)



Locating Theory Solutions

Lanom— Lanom.free

Gauge Anomalies
Anomaly Cancellation Conditions*:
A[L]=0

Witten Anomaly

Number of SU2 doublet fFermion
must be even

Lorentz

su(2) SU(3)

Theory extension U(1)

Anomaly

- wr
b=y
W =YL
(¢ = wr) + (we = W)
(=) + (Wr—w1)

1-3
1-3

L 3-3
B 1-2
B 1-3
er i Or'ntfz

|_Charge Conservation
SUSY : 1 Field

SUSY : 1 ¢ Field

SUSY : 2 Field

SUSY : 1-3 Field

SU(2) ext.
SUSY + SU(2) ext.

Gauge : by ext.
Gauge : by AQ

Witten anomaly

0.0% (any)

38.7% (EO)
16.6% (EL+E1)
18.2% (E4+E4)

53.3% (E9)
28.0% (E9)
30.8% (E8)

76.9% (E9)
76.1% (E9)

82.1% (E10)
30.1% (D8)
25.6% (E11)
95.6% (E2,E11)
1.1% (E11)
15.1% (E11)

71.0% (E9)
0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

99.7% (E10)

25 50 75
Steering success rate (%

100

)




Locating Theory Solutions

Lanom— Lanom.free

Gauge Anomalies
Anomaly Cancellation Conditions*:
A[L]=0

Witten Anomaly

Number of SU2 doublet fFermion
must be even

Success:

Anomaly Free and Valid lagrangians
(More than one way to solve anomalies)

Lorentz

su(2) SU(3)

Theory extension U(1)

Anomaly

- wr
b=y
W =YL
(¢ = wr) + (we = W)
(=) + (Wr—w1)

1-3
1-3
353
1-2
1-3

er i Or'ntfz
|_Charge Conservation

SUSY : 1 Field
SUSY : 1 ¢ Field
SUSY : 2 Field
SUSY : 1-3 Field
SU(2) ext.

SUSY + SU(2) ext.

Gauge : by ext.
Gauge : by AQ

Witten anomaly

0.0% (any)

38.7% (EO)
16.6% (EL+E1)
18.2% (E4+E4)

53.3% (E9)
28.0% (E9)
30.8% (E8)

76.9% (E9)
76.1% (E9)

82.1% (E10)
30.1% (D8)

25.6% (E11)
95.6% (E2,E11)

1.1% (E11)
15.1% (E11)

71.0% (E9)
0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

99.7% (E10)

25 50 75
Steering success rate (%

100

)




Gauge Anomalies
Anomaly Cancellation Conditions*:
A[L]=0

Gauge Anomalies : Lanom = Lanom. free

1 ﬁ

= = AFree & Valid (cum.)

mmmm A Free & Valid

| m—Valid

= u AFree & Valid & AF 1 =0 (cum.) 0.7%
= = Target match (cum.) 0.0%

Rate

Steering Strength «

*Only working with trivial ACC solutions fFor now

Lorentz

su(2) SU(3)

Theory extension U(1)

Anomaly

¢ — g 99.7% (E10)
-y

W =YL

(- wr) + (Wr—=wy)

(= )+ (wr—yy)

0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

1-3 53.3% (E9)
1-3 28.0% (E9)
L 353 30.8% (E8)
B 152 76.9% (E9)
B 1-3 76.1% (E9)
[ Qint = Qintf2 82.1% (E10)
|_Charge Conservation 30.1% (D8)
SUSY : 1 Field 25.6% (E11)
SUSY : 1 ¢ Field 95.6% (E2,E11)
SUSY : 2 Field 41 1.1% (E11)
SUSY : 1-3 Field 15.1% (E11)

71.0% (E9)
0.3% (E9,E11)+(E2,E11)

SU(2) ext.
SUSY + SU(2) ext.

71.1% (E9)
50.1% (E9)

Gauge : by ext.
Gauge : by AQ

Witten anomaly 92.8% (D8)

0 25 50 75 100

Steering success rate (%)



Gauge Anomalies i
Anomaly Cancellation Conditions*:
A[L]=0

It solves anomalies by taking
away fields! :(

Lorentz

SU(3)

Gauge Anomalies : Lanom = Lanom. free

1 ﬁ ~ = A (y count
= = Afree & Valid (cum.) ? < 4 A U(1)-charged y
A Free & Valid — w4 U(1)-singlet y
| —valid E e EEEEEN
n n AFree & Valid & AFy, = 0 (cum.) 0.7%
Q m = Target match (cum.) 0.0% c
e ‘i
© g
o s
Fy
o
0
L=
'_
>
01 SessmmEEa g} Steering Strength «a
0 2

100

Steering Strength « (%)

teering success rate

*Only working with trivial ACC solutions fFor now



Anomaly Cancellation Conditions*:

Rate

Gauge Anomalies

A[lL]=0

Gauge Anomalies : Lanom = Lanom. free

Lorentz

SU(3)

| —alid

15

= = A Free & Valid (cum.)
mmmm A Free & Valid

n n AFree & Valid & AFy, = 0 (cum.) 0.7%
= » Target match (cum.}) 0.0%

Steering Stren

It solves anomalies by taking

away fields! :(

su(2)

Theory extension

On going work!
Problem might be in
Source and target data!

*Only working with trivial ACC solutions fFor now

1 mes= A U(1)-charged y

=== A Y count

e A U(1)-singlet p

teering Strength a

teering success rate

100

(%)




Witten Anomaly

Number of SU2 doublet fermion
must be even

Witten Anomalies : Lanom = Lanom. free

wen A Free & Valid & AFsyz > 0(cum.)

8 = = AFree & Valid (cum.)
o | = A Free & Valid
oc = = Target match (0.2%)
s Valid
0 H E H EE NN EEEEEEHN
0 2

Steering Strength a

Lorentz

su(2) SU(3)

Theory extension U(1)

Anomaly

¢ g
b=y
W =YL
(¢=wa) + (We =)
(@—w) + (Wr— L)

1-3
1-3
353
1-2
1-3

Omt i Or'rrtfz
|_Charge Conservation

SUSY : 1 Field
SUSY : 1 ¢ Field
SUSY : 2 Field
SUSY : 1-3 Field
SU(2) ext.

SUSY + SU(2) ext.

e hy &

Gauge : by AQ

Witten anomaly

99.7% (E10)
0.0% (any)
38.7% (EO)
16.6% (E1+E1)
18.2% (E4+E4)

53.3% (E9)
28.0% (E9)
30.8% (E8)

76.9% (E9)
76.1% (E9)

82.1% (E10)

30.1% (D8)
25.6% (E11)
95.6% (E2,E11)
1.1% (E11)
15.1% (E11)

71.0% (E9)
0.3% (E9,E11)+(E2,E11)

71.1% (E9)
50.1% (E9)
92.8% (D8)

Steering success rate (%)




Witten Anomaly
Number of SU2 doublet fermion .
must be even This 1Is GREAT!

Witten Anomalies : Lanom = Lanom. free

Witten : Mean Fermion-Count Change (norm.)

1
N IS REE - m=== A Fermion
J messs A SU(2) doublets
e A SU(2) singlets
wen A Free & Valid & AFsyz > 0(cum.)
_&J = = AFree & Valid (cum.)
o | s A Free & Valid
oc = = Target match (0.2%)
s \alid
0 HE E HEE NN EEEEEBR
0 2 Steering Strength a

Steering Strength a



Conclusion

* BART-L writes Lagrangians!
e Latent Space ~ Learned Theory Space
* Steering
—Is cheap (Inference-time control)
- Easier in Math than Language
—-works if model and data is good
- Gap in Data ~ Gaps in Steerability
- Can be additive
* Finally...




Outlook

Search For New Physics is now starting to be directional!
hsm - hBSM = hsm +VDM + Vhier + Vv—mass+---

Both
Solutions

Vpm
Standard

L i

Vhier Hierarchy
Problem

Latent/Activation Space
“Learned Theory Space”



For more Steering GIFs:

injected @ enc L0 -> viewed @ enc L11 (final layer)

Steering wr =

1.0 %
£
4 08 g
g £
& 2] 5
z 06 &
S 2
: z
g 07 0475
£ El
I} i
-4 5
2 02%
g
[
3
4 00~
8 6 4 2 o 2 4 6
PC1 (activation space)
source (raf] —— trajectory O curent alpha
targat (raf) steared (colorad: sourcaRargatiquality)

[alpha = 0.00] [success = 0%] [cumulative = 0%]

Try BART-L yourself!

Generate some
Lagrangians!

2 |-llZlD|_[D
Dpddyg
DPDDPD
DHDDPD
D“DDPD
DPDDHD
D“DDPD
DpDDpD
DpdDpd
DpdDpeé
Dpddud
DpdDpd
BpDDpD




BACKUP



How do we tokenize it?

Table 2: Example of object-tokenization.

Object | Tokens
$(3,2,—1/3) FIELD, SPIN, O, SU3, -, 3, SU2, 2, Ui, -, 1, /, 3, ID3
Y (1,3,0) FIELD, SPIN, 1, /, 2, SU2, 3, HEL, 1, /, 2, ID9
$T(1,1,7/5) FIELD, SPIN, 0, Ui, 7, /, 5, DAGGER, ID7
pFvE-U) DERIVATIVE, SU2, Ui, ID4
DFUE):SU().0Q)) DERIVATIVE, SU3, SU2, U1, ID1
Oy DERIVATIVE, ID5
ol SIGMA_BAR, ID2
g LORENTZ, ID6, ID4
€ab SU2, IDO, ID7

akin to char-level tokenization rather than word-level tokenization



How do we tokenize it?

Example: Quartic Term
Term : Ao ¢! @ DT

Information Tokens
A
(3, 2, 6) FIELD, SPIN, 0, SU3, 3, SU2, 3, Ui, 6, ID5
o'(3, 2, —6) FIELD, SPIN, 0, SU3, -, 3, SU2, 3, Ui, -, 6, DAGGER, ID7
®(3,1, -7/2) FIELD, SPIN, 0, SU3, -, 3, U1, -, 7, /, 2, ID8

®1(3, 1, 7/2)

Ealb%m Gbal CbTblbg ‘I)clc:z (I)le
Eblcldl 4?5011 QSTblb? (I)CLCQ (I)le
€101 d)n_ag Cﬂ.ﬁwbz P!

ga2b2 Payas qublb? @ ¢!

FIELD, SPIN, 0, SU3,

CONTRACTIONS

sU3, ID5, ID7, ID8
sSuU3, ID7, ID8, ID2
su2, ID5, ID7

sU2, ID5, ID7

, U1, 7, /, 2, DAGGER, ID2




Contrastive Activation Addition (CAA)

Transformer

Latent Space

or Activation Space

or Learned Theory Space
R1024




Contrastive Activation Addition (CAA)

Transformer

*
.
a®
P

Latent Space y
or Activation Space
or Learned Theory Space




Contrastive Activation Addition (CAA)

Transformer

Latent Space y
or Activation Space
or Learned Theory Space



Contrastive Activation Addition (CAA)

Transformer

Latent Space y
or Activation Space °
or Learned Theory Space



Contrastive Activation Addition (CAA)

Transformer

Latent Space . !
or Activation Space °
or Learned Theory Space



Contrastive Activation Addition (CAA)

Transformer

'I
L}
]
L4
“

R

Latent Space =
or Activation Space U L?‘
or Learned Theory Space >'e
R1024



Contrastive Activation Addition (CAA)

Transformer

Latent Space

or Activation Space
or Learned Theory Space
R1024




Contrastive Activation Addition (CAA)

Transformer

Latent Space

or Activation Space

or Learned Theory Space
R1024




OOD : NFieldS Geﬂel’alizatiOﬂ (or "Length Generalization”)

=
oa

How do we check?
In Distribution (Train): <6 Fields
Out-of-Distribution (Test): 7-10 Fields

Npredicted Terms / NTrue Terms
o =] = = = =
h oo ] (%] - [=3]

2
i

2 3 4 5 6 7 8 9
Nlnput Fields

10

Number of Lagrangians



OOD : NFieldS Geﬂel’alizatiOﬂ (or "Length Generalization”)

=
oa

How do we check?
In Distribution (Train): <6 Fields
Out-of-Distribution (Test): 7-10 Fields

=
o

=
I

=
[N

=
=]

AL OOD:
1.1Es missing terms

e
&0

Npredicted Terms / NTrue Terms
(=]
o

2
i

2 3 4 5 6 7 8 9
Nlnput Fields

10

Number of Lagrangians



OOD : NFieldS GeﬂeralizatiOﬂ (or "Length Generalization”)

How do we check?

In Distribution (Train): <6 Fields
Out-of-Distribution (Test): 7-10 Fields

AL OOD:
1. 1Es missing terms.

NUnique Fields

5 6 7
Nlnpl.lt Fields

Number of Lagrangians



OOD : NFieldS GeﬂeralizatiOﬂ (or "Length Generalization”)

How do we check?

In Distribution (Train): <6 Fields
Out-of-Distribution (Test): 7-10 Fields

AL OOD:

1. 1Es missing terms.

2. It knows there should be more,
but dont know how many

NUnique Fields

Number of Lagrangians

2 3 4 5 6 7 8 9 10
Nlnpl.lt Fields



OOD : NFieldS GeﬂeralizatiOﬂ (or "Length Generalization”)

How do we check?
In Distribution (Train): <6 Fields

[
I

=
[

Out-of-Distribution (Test): 7-10 Fields ‘é

AL OOD: i %
1. Its missing terms. =, 3
=

2. It knows there should be more
but dont know how many

2 3 4 5 6 7 8 9 10
Nlnput Fields



OOD : NFieldS GeﬂeralizatiOﬂ (or "Length Generalization”)

How do we check?

In Distribution (Train): <6 Fields
Out-of-Distribution (Test): 7-10 Fields

AL OOD:

1. 1Es missing terms.

2. ltknows there should be more
but dont know how many

3. It jumbles up the inputs when R
there’s too much inputs

NExpected Fields

Number of Lagrangians




It can’t count!

Non-Causal Encoder
with Abs. Positional Encoding

is bad for contextual counting
[2406.02585]

The Famous
“How many T’ in the word ‘strawberry’?”
Problem

Ask ChatGPT to count the number of 1sin a random string of 1s and Os. No python code.
It still fails sometime.



We also did OOD U(1) Charge Generalization

All Lagrangians Lagrangians with Trilinears Lagrangians without Trilinears
100 - .
80 A
S
>, 60
o
m
5
9 404
<
20 -
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 10 0.2 0.4 0.6 0.8 1.0
NooD Fields / MnputFields NooD Fields / MnputFields NooD Fields / MnputFields
2 fields (InD) 3 fields (InD) ---- 4 fields (InD) 5 fields (InD) ---- 6 fields (InD)
2 fields (OOD) 3 fields (OOD) —— 4 fields (O0D) 5 fields (OOD) —— 6 fields (OOD)
Trilinears Terms: Quartic Terms:
im)- 1 - ( (
InD Charges(Train): Y2, 2,-7/2, ... D DO D O Of O D
OOD Charges(Test): 2/4,6/2, 3/9....

+Q +Q +Q" =0 +Q -Q+Q Q' =0
Need arithmetic Pattern Recognition




=0 : :p;(h -
_ PP, Z;t{‘f- :’sq—%h FZ_*,:(% by e
-GFFH‘EF_, Z;t{_‘l L “'LLE{‘,. PZ:F(_% Y Lj"]ﬁ\e

It cant do arithmetic!

=apple, 2=
i Y Sachidken, 172
“apple, 2spe, N 23y,

It doesnt understand numbers! PSSt
I=apple, 2=boy, 2
I=apple o 2=boy, 3

Text-based encoding:
|t is treating numbers
like alphabets

(Need continuous number tokenizing scheme)
[2310.02989]

-apple, Z=boy, 3=chicken, 123~ple o
l=apple, 2=boy, 3=chicken, 1Z3~opple br_-}
i=':-_1lF'|-'HE'-‘ Z=b‘_{"l, :’,ﬂhu_kﬁi‘. rz.j:fwbs j‘L'r

l=apple, 2=boy, S=chicken quwleq\'\iﬁ A \\\

ChatGPT cant do arithmetic precisely

without calculator or steps

Ask ChatGPT to add two large numbers without calculator. Answer only without steps.
It Fails sometimes.



L LM Large “Lagrangian” Model?

Bullet points .
To Paragraphs Idea Generation
e For continuation of
Lagrangian BSM Extension & essay
Generation Recommender
Text T
Autocomplete §°é
=~ Lagrangie[an ‘ ' ’ Accidental & Ggﬁgnk;ir
Autocomplete ';‘ Symmetry Finder
LM
What else? g _
(Up to your creativity!) Connection to
Data?
Connection to %
Amplﬁltudes? Image to text

English to German



SU(2) Representations U(1) Representations SU(3) Representations

«  Singlets
« l:Singlets Fractions (Negative) | 3: Anti-Triplets |
2 : Doublets ||_—| «  Fractions (Positive) | L e T T
. 3:Triplets | pr- Integers (Negative) _ | T2 -« L Slr\glets
— P + Integers (Positive) | - 3 . :l o TI15 «  3:Triplets
] l }1’ | _: T tw E
o=l . 5 - Ts8
S8 < -
" [1] 8
5w
10
15
r-20
—15,
-5 30‘1



